
Lithium tantalate high-speed modulators on a
silicon photonics platform

Tom Vanackere,1, 2, *, † Margot Niels,1, 2, *, † Ewoud Vissers,1, 2 Tingting Zhai,1, 2

Patrick Nenezic,1, 2 Jakob Declercq,2, 3 Cédric Bruynsteen,2, 3 Shengpu Niu,2, 3 Arno
Moerman,2, 3 Olivier Caytan,2, 3 Nishant Singh,2, 3 Sam Lemey,2, 3 Xin Yin,2, 3 Sofie

Janssen,2 Peter Verheyen,2 Neha Singh,2 Dieter Bode,2 Martin Davi,2 Filippo
Ferraro,2 Philippe Absil,2 Sadhishkumar Balakrishnan,2 Joris Van Campenhout,2

Günther Roelkens,1, 2 Maximilien Billet1, 2, * and Bart Kuyken,1, 2, *

1 Department of Information Technology (INTEC), Photonics Research Group, Ghent University–imec, 9052
Ghent, Belgium.

2imec, Kapeldreef 75, 3001 Leuven, Belgium.
3Department of Information Technology (INTEC), IDLab, Ghent University–imec, 9052 Ghent, Belgium.

†
These authors contributed equally to this work.

*Tom.Vanackere@UGent.be

Abstract: We present lithium tantalate high-speed modulators heterogeneously integrated
on a back-end standard silicon photonics platform. The 7 mm long devices have a half-wave
voltage of 3.5 V and a bandwidth >70 GHz. © 2025 The Author(s)

1. Introduction

Lithium tantalate (LT) has emerged alongside lithium niobate (LN) [1] as a material choice for low loss, high-
speed modulator applications [2]. The two materials have similar Pockels coefficients and transparency windows
but LT also has several advantages over LN due to it having less birefringence, suffering less from photorefractive
damage, and less DC-drift [3]. Recent demonstrations on a monolythically integrated LT platform have already
shown the high-speed and low-loss qualities of the LT material in an integrated context [4].

However, lithium contamination is an issue as it makes the platforms not compatible with large-scale CMOS
fabrication facilities [5]. This can be circumvented by the back-end of line heterogeneous integration of LT. Here
we present the first heterogeneous integration process of thin-film LT onto a CMOS-compatible silicon photon-
ics platform using micro-transfer printing [6]. This allows for the use of the mature, scalable silicon photonics
technology and the available components from the process development kits (PDKs) while complementing it with
high-speed modulators. Aside from components for coupling, splitting, and filtering, it specifically allows the
high-speed modulators to be combined on the same integrated platform with high-speed detectors in germanium.

2. Results

The hybrid phase modulator consists of a 300 nm layer of LT on a 300 nm layer of silicon nitride. The phase
modulators are placed inside of an unbalanced silicon Mach-Zehnder interferometer structure. Coupling between
the silicon, silicon nitride and LT structures is achieved using adiabatic tapers. The silicon and silicon nitride lay-
ers are fabricated in the imec CMOS pilot line. Afterwards, the LT layer is added using micro-transfer printing.
Subsequently, metal electrodes consisting of titanium-gold metal layers used as a radio-frequency (RF) transmis-
sion lines are added using a lift-off process. A schematic representation of the device is shown in Fig. 1(a) and a
close-up microscope image is shown in Fig. 1(b). A ground-signal-signal-ground electrode configuration is used
for differential driving.

The total insertion loss introduced by the heterogeneous integration process is 2.9 dB, including coupling and
propagation loss in the 7 mm long LT device and metal optical loss. The extinction ratio at 1310 nm is 28 dB
and the half-wave voltage (Vπ ) of 3.5 V in a push-pull configuration. Two similar devices were fabricated and
characterized, one on a standard silicon wafer and one on a wafer with a high-resistive silicon substrate. The high-
speed performance of both devices was characterized using a vector network analyzer (VNA) and is shown in 1(c).
The modulator on high-resistivity substrate reaches a bandwidth in excess of 70 GHz while the performance of the
modulator on a normal silicon substrate drops below 3-dB within the first 5 GHz. This is mostly due to additional
RF losses in the substrate. As a demonstration, the device is then also used in a setup, shown in Fig. 1(d), as part of
a data transmission link. Using this setup and 64-tab feed-forward equalization symbol rates of 190 Gbaud (NRZ)
and data rates of more than 320 Gbit/s (PAM4) were transmitted. Fig. 1(e) and (f) show two example eye diagrams
at 112 Gbaud with opened eyes.

4302456 PD104-5 CLEO 2025 © Optica Publishing Group 2025



Data transmission system  

Port 2 

PDMZM 

Sampling
Scope  

PDFA

AWG  

Laser

RF probe 50 Ω 

Port 1 

Port 1 

15mV 2.68ps 

112GBaud NRZ 

15mV 1.67ps 

112GBaud PAM4 

30 um

(a)  
Electrodes fabrication (MZM)

Electrodes (Ti/Au)
G

G

S

S

(e)  (f)  

(d)  (c)  

(b)  

0 10 20 30 40 50 60 70

Frequency (GHz)

-6

-4

-2

0

2

E
O

E
 r

es
po

ns
e 

(d
B

) MZM on HR Si substrate
MZM on standard Si substrate

Fig. 1. (a) Schematic of the LT modulator. (b) Optical microscope picture of the device. (c) EOE
VNA measurement showing the comparison for a modulator integrated on a platform using a regular
Si substrate and high resistivity substrate. (d) Measurement setup for eye-diagram measurements.
Eye diagrams for (e) 112 GBaud NRZ, (f) 112 GBaud PAM4.

3. Conclusions
In this paper, a scalable fabrication and characterisation of a thin film LT modulator on a silicon photonics platform
has been demonstrated, using its standard process development kit. The resulting modulator has an extinction ratio
of 28 dB, excess insertion loss of 2.9 dB, a half-wave voltage length product of 3.5 V, a bandwidth >70 GHz and
was able to transmit 190 Gbaud or 320 Gbit/s eye diagrams. With this back-end of line integration, the fabrication
of LT-enhanced silicon photonics wafers for high-speed transceiver applications has been shown.

4. Acknowledgments
We want to thank the European Space Agency for funding under the E/0365-70 - NAVISP, LEO Project and The
Research Foundation Flanders (FWO) for project 3G035722 and the FWO and F.R.S.-FNRS under the Excellence
of Science (EOS) program (40007560). The authors would like to acknowledge contribution from imec’s 200 mm
pilot-line for wafer fabrication.

References

1. C. Wang, M. Zhang, X. Chen, M. Bertrand, A. Shams-Ansari, S. Chandrasekhar, P. Winzer, and M. Lončar, “Integrated
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