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Abstract Successful micro-transfer printing of lithium niobate on a silicon nitride platform is demon-
strated. A proof of concept electro-optical modulator is fabricated using this hybrid integration method
which shows a half-wave voltage-length product VπLπ = 5.5 Vcm and insertion losses of 7 dB.

Introduction

Modulators are an important element for any pho-
tonics platform. For silicon nitride (SiN) photon-
ics, optical modulation is often achieved using the
thermo-optic effect. But these modulators come
with disadvantages in speed and power efficiency.
A popular alternative is electro-optic modulation
which is able to provide pure phase modulation at
much higher speeds. The χ(2) response in SiN it-
self is rather weak[1] , therefore to access electro-
optic modulation on an integrated SiN platform,
a hybrid solution has to be found, such as the
co-integration of barium titanate (BTO)[2] or lead
zirconate titanate (PZT)[3] thin films with the SiN
photonic platform. Lithium niobate (LN) remains
the gold standard when it comes to electro-optic
modulation. Thin films of LN have been used
as a standalone integrated platform[4]–[6] or have
been used for hybrid integration with both silicon
(Si) and SiN integrated platforms[5],[7],[8]. Although
bonding has been the preferred method for hybrid
integration, it has several disadvantages with re-
spect to material use and the co-integration with
other hybrid material platforms. Micro-transfer
printing on the contrary allows for the integration
of micrometer sized material sections or even fully
pre-processed devices[9],[10] onto a photonic chip
with sub-micrometer precision. This ensures effi-
cient use of the transfer printed material and en-
ables the co-integration with other hybrid material
platforms on the same chip. Here we present the
first demonstration of micro-transfer printed layers
of thin film LN onto a SiN integrated platform. In
these hybrid structures the light is guided by the
patterned SiN structures while a significant por-
tion of the mode resides in the LN slab on top. We
also show as proof of concept an electro-optical
modulator with a half-wave voltage-length prod-

uct VπLπ = 5.5 Vcm and insertion losses of 7 dB.
We will first discuss the fabrication of the device
after which both the passive and modulation char-
acteristics are examined.

Micro-Transfer printing of Lithium Niobate on
Silicon Nitride
In micro-transfer printing, a source and a target
wafer are first prepared separately before the ac-
tual hybrid integration can take place. The main
elements of the fabrication process are shown
schematically in figure 1. The source sample is
a 300 nm thin film LN sample purchased com-
mercially from NanoLN. Here, the wafer consists
of a LN substrate with a 2 µm buffer oxide layer
and a 300 nm LN device layer. First, a chromium
(Cr) hard mask is defined using contact UV lithog-
raphy and lift-off techniques. The pattern is then
transferred into the LN layer with a dry Reactive
Ion Etching (RIE) process creating the coupon
structure shown in figure 1 (a,j). This is a rectan-
gular section of 60 µm by 1 mm connected to the
rest of the sample through thin tethers. The ex-
traordinary axis of the LN crystal is aligned along
the short side of the rectangle. The sample is
subsequently dipped in hydrofluoric acid to under-
etch the structure by selectively etching away the
oxide layer underneath (b). The goal of the teth-
ers is to support the coupon allowing it to remain
suspended after the release etch. After the re-
lease etch the sample is dried using Critical Point
Drying to avoid the capillary forces associated
with standard drying.

In parallel the target sample is prepared. An
LPCVD SiN wafer purchased from LioniX is pat-
terned with waveguides, grating couplers and
Mach-Zehnder interferometers based on Multi-
mode Interference (MMI) splitters using e-beam



Fig. 1: Schematic representation of the micro-transfer printing process flow.

lithography and RIE. The SiN layer is 300 nm
thick on a 3.3 µm thick layer of buffer oxide and
a silicon substrate. Next, a layer of approxi-
mately 100 nm of Benzocyclobutene (BCB) poly-
mer is spin-coated on top of the target sample
after which it is pre-baked to prepare it for the
printing process. The source and target samples
are then carefully aligned in the transfer-printing
tool. An elastomeric stamp (Polydimethylsilox-
ane) is slowly pressed against the target coupon
after which it is quickly elevated. During the rapid
upwards acceleration, the adhesion to the elas-
tomer stamp is sufficiently strong to cause the thin
tethers to break and the coupon to detach from
the source sample. It is then moved to the target
where it is aligned and pressed against the sam-
ple. When slowly retracting the stamp, the adhe-
sion force is weaker, allowing the coupon to stick
to the BCB on the target. It can be scaled up to
print arrays of coupons automatically using digital
pattern recognition to allow for wafer scale hybrid
integration. The alignment accuracy of printed
single coupons can be lower than 0.5 µm in state-
of-the-art micro-transfer printing tools. This pro-
cess also allows the source and target wafers to
be prepared separately, thus avoiding the need
to process contaminating materials such as LN in
the same fab.

Passive properties
To evaluate the properties of the LN coupons,
Mach-Zehnder interferometer (MZI) structures
were fabricated. While the MZI has arms of the
same length, by transfer printing a LN coupon
onto one of the arms, an unbalanced MZI is cre-
ated. The measured signal is normalized using
a similar structure without any coupons to elim-
inate all losses associated with the grating cou-

plers and MMIs. The results of a device using a
SiN waveguide of 1.4 µm width are shown in fig-
ure 2. The plot indicates a typical MZI pattern with
a Free Spectral Range (FSR) of approximately
12 nm and an Extinction Ratio (ER) of 12.0 dB.
Assuming the loss in the couponless MZI arm is
zero, the loss in the arm with a coupon can be
calculated to be around 4 dB. FDTD simulations
predict transition losses of around 2.0 dB/facet,
indicating the propagation losses remain minimal.
Measurements on structures with slightly different
geometries result in similar conclusions.
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Fig. 2: Transmission spectrum of an integrated MZI with a
micro-transfer printed LN coupon on one arm of the

interferometer. No electrodes or bias voltage is present here.

Hybrid Lihium Niobate on Silicon Nitride
electro-optic modulator
After performing the passive measurements,
electrodes are added to the MZI structures such
that the phase in one arm can be changed us-
ing the electro-optic effect of the LN coupon. The
electrodes are 500 nm thick, 0.9 mm long and
have a 6.5 µm gap. The results of the electro-
optic measurements are shown in figure 3. The
measurement data was normalized with the in-
sertion loss, which was estimated to be around



Fig. 3: (a) Transmission spectra at two different bias voltages for an MZI with a micro-transfer printed LN coupon on one arm of
the interferometer. (b) Phase difference between the light in both arms as a function of the bias voltage, extracted from
measurements at a wavelength of 1550 nm. (c) Microscope image of the whole MZI used for electro-optical modulation.

7 dB at 1550 nm, a large portion of these losses
are due to imperfect MMI splitters and could be
improved later.

It is observed that the signal peaks have a dis-
similar shape compared to the measurement data
without electrodes. This could be the result of
some reflection or some defect introduced dur-
ing metalisation. However the two curves in the
figure measured at a bias voltage of -36 V and
24 V clearly show the ability of this modulator to
shift the resonances by a significant amount. Fig-
ure 3 (b) shows the phase difference between the
light in both arms as a function of the bias voltage
measured and fitted to the results at 1550 nm.
From this we estimate a half-wave voltage-length
product VπLπ = 5.5 Vcm. This is slightly better
than the simulated value of 6.0 Vcm, this could
be explained by a small misalignment of the elec-
trodes resulting in stronger fields but also higher
than intended losses. The linearity of this phase
difference even when the bias voltage changes
sign is a clear indicator that the modulation is due
to the electro-optical effect, which is promising for
high speed operation.

Conclusions and future prospects
We demonstrated the first devices using micro-
transfer printed thin film LN on a SiN integrated
platform. A simple MZI device was used to mea-
sure both the losses of the coupon and the half-
wave voltage-length product of a modulator which
both show promising results that resemble the
simulated values. We plan to further optimise the

transfer printing process to improve the coupon
quality and yield while also looking into printing
longer coupons. More research will also be done
to reduce the transition loss at the interface us-
ing for example tapered structures. We believe
this process methodology allows us to combine
the strong electro-optical and nonlinear proper-
ties of LN with various passive photonic platforms,
as well as with other material platforms such as
III-V gain materials, enabling the creation of com-
plex, multi-functional devices on a single photonic
chip.
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