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Combining TriPleX® Silicon Ni-
tride and Lithium Niobate for
the 400 - 1600 nm Waveband

Main Objectives

Lithium niObate empowered siLlcon nitride Plat-
form for fragmentation-free OPeration in the vis-
ible and the NIR (LOLIPOP) is focused on equip-
ping our TriPleX® silicon nitride technology with
new hybrid components functionalities. The ma-
terials which will be integrated to that end are
lithium niobate (LiNbO3), excellent for light mod-
ulation, germanium (Ge), known for its light de-
tection capabilities, and gallium arsenide
(GaAs), a well-established light source. These
new chips will be equipped with bespoke CMOS
electronics to drive and control them, at low
power consumption and across large band-
widths.

LNOI films on TriPleX for modulation and 2nd
order nonlinearity

Ge-PDs growth on TriPleX for
photodetection

Applications

Despite huge progress in photonics, extended spectral
bands at wavelengths below 1100 nm remain heavily un-
derserved in terms of integration solutions. At the same
time, silicon nitride is booming, and lithium niobate is
making an impressive comeback in the form of lithium ni-
obate on insulator (LNOI), with both materials being
transparent both in the visible spectrum and near infra-
red.

With all these viewed as a unique opportunity, LOLIPOP
steps in to develop a disruptive platform that will offer the
highest integration, modulation, and second order non-
linear performance in the entire spectrum from 400 up to
1600 nm, based on the combination of LNOI and silicon-
nitride (TriPleX®) technology. To this end, LOLIPOP will
develop die-bonding and micro-transfer-printing methods
for low-loss (<0.5 dB) integration of LNOI films on Tri-
PleX® without compromising the functionality of the two
platforms.

LOLIPOP will also develop a process for the growth of Ge
photodiodes (PDs) inside pockets and a process for the
flip-chip bonding of active elements inside recesses within
TriPleX®. Given the possibility of the Ge-PDs to operate
in the entire 400 -1600 nm spectrum, and the flexibility of
the bonding process to adapt to different actives and
wavelengths, the picture of this ultra-wideband technol-
ogy is complete.
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Figure 1. LOLIPOP composite technologies and its planned demonstrator applications.
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LOLIPOP will demonstrate its potential via the following
developments:

1) The first ever integrated laser Doppler vibrometer at
532 nm with ultra-narrow linewidth (<5 kHz) and ultra-
high modulation (6 GHz).

2) The first ever integrated FMCW-LIDAR at 905 nm with
ultra-high linear chirp (10 GHz) and optical phased ar-
ray-based 2D beam scanning.

3) Photonic convolutional neural networks with record
scale, computation speed (24 TOPS), and power con-
sumption reduction compared to electronic solutions.

4) The first ever integrated squeezed-state source with 6
dB squeezing level for quantum applications at 1550 nm.
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Objectives

1) Establish a process for the integration of LNOI films on
the TriPleX® platform and develop hybrid TriPleX® PICs
that can support high-speed modulation and second-or-
der nonlinear functions on-chip.

2) Develop a process for heterogeneous integration of
semiconducting layers on TriPleX® wafers and growth of
Ge photodiodes with wideband operation (400-1600 nm)
and high bandwidth (up to 30 GHz).

3) Design active elements and develop external cavity la-
sers on the hybrid TriPleX® platform with ultra-narrow lin-
ewidth, wide tunability and operation in the wavelength
bands from 780 to 1100 nm.

4) Develop CMOS electronics with low power consump-
tion and high bandwidth (up to 30 GHz).

5) Demonstrate the use of LOLIPOP technology for Laser
Doppler Vibrometers at 532 nm with ultra-high detection
bandwidth (6 GHz).

6) Demonstrate the use of LOLIPOP technology for
FMCW LIDAR modules at 905 nm with ultra-high chirp (10
GHz) and beam scanning mechanism on-chip.

7) Demonstrate the use of LOLIPOP technology for pho-
tonic integrated convolutional neural networks with ultra-
high computation speed (24 TOPS).

8) Demonstrate the use of LOLIPOP technology for inte-
grated optical squeezed state sources.

Our Role in Project LOLIPOP

LioniX International are responsible for the design, fabri-
cation, and processing of the TriPleX® chips, which serve
as the host platform for the other materials. We will opti-
mize our waveguides for various wavelengths, including
532, 780, 1064, and 1560 nm. The work will include de-
signing tapers and passive alignment structures for the
lossless integration of the other materials. We will also de-
sign laser cavities for 780, 905, and 1064 nm, interferom-
eters for 520 and 905 nm, filter units, and delay blocks for
photonic neural networks, all of which will be used in the
various demonstration modules to be produced by the
end of the project.

We will play an active role in the design of the integration
steps of the various materials to realize the intended com-
ponents. Once fabricated, we will process the wafers and
prepare them for the addition of LNOI films and Ge-PDs.
This involves etching trenches, recesses, and pockets for
micro transfer printing, die bonding, flip-chipping, and Ge
growth. We will also employ our PZT stress-optic actua-
tors in this project.
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