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Abstract—In this paper, we experimentally demonstrated
224 Gbit/s polarization-multiplexed (PM) PAM4 intensity mod-
ulation and direct detection (IM/DD) transmission system using
a thin-film Lithium Niobate (TFLN) polarization controller. We
proposed and implemented a pilot-tone-assisted and calibration-
free polarization tracking algorithm in an FPGA, achieved a
record convergence time of 0.2 ms and polarization track-
ing speed of 2 krad/s for PM-IM/DD systems. The proposed
scheme enables stable dual-polarization demultiplexing under
fast polarization perturbations and represents a step towards
practical high-speed, low-complexity PM-IM/DD systems with
robust polarization tracking performance.

Index Terms—Optical fiber communication, polarization mul-
tiplexing, IM/DD, active polarization tracking, TFLN.

I. INTRODUCTION

W ITH the rapid advancement of artificial intelligence
(AI), 5G networks, cloud computing, and virtual real-

ity, the demand for high-speed optical communication systems
has reached unprecedented levels [1], [2]. In particular, AI’s
increasing computational power is driving massive traffic
between data centers, further amplifying the need for effi-
cient and scalable optical interconnects [3], [4]. This increase
in demand calls for more advanced and high-speed optical
interfaces, especially in short-reach optical communication
scenarios where traditional solutions face limitations. Inten-
sity modulation and direct detection (IM/DD) systems have
been the dominant choice in short-reach inter- and intra-
data center connections due to their low cost and power
efficiency. Recently, single wavelength 200 Gbit/s and even
400 Gbit/s IM/DD systems are demonstrated by using ultra-
high bandwidth modulators and receivers [5], [6]. However, it
is challenging to increase the transmission capacity further as
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it is difficult to further push the bandwidth of optoelectronic
devices in a cost and power-efficient manner. In addition,
IM/DD transmissions are limited by low receiver sensitivity
and power degradation caused by chromatic dispersion [7].

Inspired by the benefits of coherent detection, polarization-
multiplexed (PM), which is widely used in long-haul coherent
communications, is another degree of freedom to double the
transmission rate of IM/DD systems. Polarization tracking is
digitally realized using the full optical field information [8].
In this connection, various approaches have been reported to
achieve active polarization tracking for PM-IM/DD systems.
Nespola et al. demonstrated a PM-PAM transmission system
by using a multistage Mach-Zehnder interferometer (MZI)-
based polarization controller in a silicon photonic platform [9],
[10]. A feedback control loop based on pilot-tone signals was
used for real-time active polarization tracking. Polarization
tracking rate is limited to around 100 rad/s due to constraints
from the low response speed of the thermal tuning mecha-
nism in the silicon photonic chip. This limits its potential
to be deployed in a practical system with rapid polarization
fluctuations. In addition to MZI-based architectures. Chan et
al. proposed a compact form factor polarization demultiplexer
based on a micro-ring resonator for PM-IM/DD systems [11].
However, the performance was only demonstrated in a static
transmission system and no further study was undertaken in a
system with dynamic polarization rotations. Wu et al. reported
a fully integrated dual-polarization silicon photonic transceiver
with automated polarization control [12]. A marker-tone and
polarization-assisted tracking method was implemented in an
MZI polarization control chip, and a low tracking speed of
0.02π rad/s was achieved due to the inherently low thermal
response speed. Building on similar architectures, Zhao et al.
developed PM-IM/DD system using a multistage MZI-based
polarization controller guided by a real-time polarization state
monitoring [13], [14], [15]. A tracking speed of 100 rad/s was
demonstrated in a 400 Gbit/s PM-IM/DD system. However,
the tracking rate cannot be further improved as it is still based
on thermal tuning mechanisms. Fast polarization tracking is
essential for deploying PM-IM/DD in practical applications.

In this connection, lithium Niobate (LiNbO3) has been
used for fast polarization maintaining and signal modula-
tion for a few decades [16], [17], [18], but bulk LiNbO3
requires high driving voltage and has a large form factor.
Recently, thin-film Lithium Niobate (TFLN) has attracted
more attention due to its high bandwidth, low driving voltage,
and potential for high-density integration [19], [20], [21].
Using specifically engineered structural designs, polarization
controllers based on TFLN platforms have been successfully
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Fig. 1. The basic units of the polarization controller. (a) A four stages TFLN polarization controller. (b) Polarization splitter-rotator (PSR) and polarization
rotator combiner (PRC). (c) 2×2 multimode interference (MMI) coupler. (d) One phase shifter and the corresponding trajectory on Poincaré sphere. (e)
Combination of one phase shifter and two MMIs and the corresponding trajectory on Poincaré sphere.

implemented for the local oscillator (LO) in self-coherent
transmission systems [22], [23], [24]. However, TFLN based
polarization controllers for PM-IM/DD systems have not yet
been demonstrated.

In this paper, we extend our work in OFC 2025 [25] and
include more details on the proposed PM-IM/DD transmission
scheme based on TFLN polarization controller and pilot-
tone-assisted calibration-free polarization tracking algorithm.
We present a detailed description of the fabrication process
and key device characteristics. In addition, more experimental
investigations were carried out. To achieve fast polarization
control, we designed and fabricated a 4-stages MZI based
polarization controller on the TFLN platform. The Vπ of the
fabricated TFLN based polarization controller is measured to
be 3 V. The response time was 2 ns. The frequencies of pilots
are optimized to be 2 MHz and 5 MHz for X polarization
and Y polarization, respectively. Optimization of the pilot
frequency and the pilot-to-signal power ratio (PSPR) was
carried out. An optimal PSPR of -15 dB was obtained. Finally,
we successfully demonstrated a 224 Gbit/s PM-PAM4 signal
transmitted over 2 km of fiber with a polarization scrambling
speed of 2 krad/s, which to the best of our knowledge, is a
record polarization tracking speed for PM-IM/DD system. Our
work has laid the foundation for the practical implementation
of high-speed, low-complexity polarization demultiplexing for
PM-IM/DD systems, paving the way for future advancements
in optical interconnects for data centers and short-reach com-
munication networks.

The remainder of this paper is organized as follows. In
section II, we present the design concept and key parameters
of the fabricated TFLN-based optical polarization controller.
Section III introduces the pilot tone-based polarization track-
ing method specifically for PM-IM/DD systems. Section IV
describes the experimental setup and provides detailed results
to validate the proposed scheme. Finally, the paper is con-
cluded in Section V.

II. PRINCIPLE AND FABRICATION OF TFLN BASED
OPTICAL POLARIZATION CONTROLLER

The polarization controller is based on a cascaded MZI
architecture. Fig. 1(a) shows the schematic of our four-
stages TFLN polarization controller, which consists of po-
larization splitter-rotator (PSR), polarization rotator-combiner
(PRC), 2× 2 multimode interference (MMI) couplers and
phase shifters. Since only the transverse electric (TE) mode
can propagate in the waveguide, as illustrated in Fig. 1(b), a
PSR is used to convert the transverse magnetic (TM) mode of
the incident light into the TE mode after polarization splitting
for polarization insensitive operation. Conversely, the PRC
performs the reverse operation, converting the TE mode back
into the TM mode. The Jones matrix of an ideal 2×2 MMI,
as shown in Fig. 1(c), is given by

MMMI =
1√
2

[
1 j
j 1

]
, (1)

the phase shifter introduces a phase difference between or-
thogonal polarization components and the Jones matrix of an
ideal phase shifter, as shown in Fig. 1(d), is given by

MIdeal PS =

[
ejθ1 0
0 1

]
, (2)

by properly cascading MMIs with a phase shifter, various
functional polarization modules can be realized. Two examples
are shown in Fig. 1(d) and Fig. 1(e). The function of these two
modules can be interpreted by observing the polarization state
on the Poincaré sphere described by the normalized Stokes
vector

S⃗ = (S1, S2, S3),

for example, assuming an input polarization state of (0, 1, 0)
(linear polarization at 45◦). By sweeping the phase difference
θ1 in the first module (Fig. 1(d)), the resulting state of polar-
ization (SOP) traces a trajectory on the Poincaré sphere along
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which S1 remains constant. The second module, including one
phase shifter and two 3-dB MMIs as shown in Fig. 1(e), can
be modeled as [26]

MMMI+PS = jejθ1/2
[
sin(θ1/2) cos(θ1/2)
cos(θ1/2) − sin(θ1/2)

]
, (3)

in this case, sweeping θ1 results in a Poincaré sphere tra-
jectory with S3 constant. These two modules are used to
better understand the principles of polarization control. It is
theoretically feasible to use a pair of control phase values for
a two stages polarization controller to transform an arbitrary
input polarization state into a desired target polarization,
such as the state corresponding to the Stokes vector (0, 1, 0).
However, due to limited tuning range of each unit, this
minimal configuration imposes considerable control stress on
individual stage. To alleviate this constraint, additional stages
can be introduced to distribute the adjustment load across
the system, thereby enhancing overall control performance.
Nevertheless, increasing the number of stages inevitably leads
to higher insertion loss, resulting in a trade-off between control
flexibility and loss.

The overall transfer matrix of the polarization controller can
be expressed as cascade phase shifters and four MMI couplers
as shown in Eq. (4),

Mtotal = MMMI ·Mθ4 ·MMMI ·Mθ3

·MMMI ·Mθ2 ·MMMI ·Mθ1 ,
(4)

where the phase shifter matrices are defined as

Mθi =

[
ejθi 0
0 1

]
, i = 1, . . . , 4 (5)

and the 3-dB MMI coupler is given by

MMMI =
1√
2

[
1 j
j 1

]
. (6)

Finally, the relationship between the input and output Jones
vectors can be expressed as[

E′
x

E′
y

]
= Mtotal ·

[
Ex

Ey

]
, (7)

which can achieve arbitrary output polarization with any input
polarization.

The whole device is designed and fabricated on a commer-
cial X-cut LN-on-insulator (LNOI) wafer (NanoLN) with a
400-nm thick TFLN layer, a 500-µm thick silicon substrate
layer, and a 3-µm thick buried oxide (BOX) layer. The
fabrication process starts with the TFLN structure patterning
using an electron beam lithography system (Raith VOYAGER)
on a 300-nm thick resist (ma-N 2403). Then, a 200-nm thick
LN layer is removed using inductively coupled plasma reactive
ion etching (ICP-RIE), followed by a deposition of 700-nm
oxide over-cladding using plasma-enhanced chemical vapor
deposition (PECVD). Finally, 1.1-µm Au metal electrodes
are deposited using electron-beam evaporation and lift-off
processes. The designed TFLN waveguide has a ridge height
of 200 nm, a slab height of 200 nm, and a width of 1.6 µm.
The edge couplers feature a polarization-dependent loss (PDL)

(a)

(b)

Fig. 2. TFLN polarization controller. (a) Schematic layout. (b) Packaged
TFLN polarization controller.

of <1 dB, an optical bandwidth of >100 nm, and a coupling
loss of <2 dB [27]. The PSR has a measured insertion loss
of <0.5 dB [28]. The dynamic polarization controller device
has an on-chip loss of less than 2 dB and a footprint of
1.8 cm× 4 mm [23]. Fig. 2(a) shows the schematic of TFLN
based polarization controller. Fig. 2(b) shows the photo of the
fabricated TFLN polarization controller inside a package box.

Fig. 3. (a) Vπ measurement. (b) Response time measurement.

Fig. 3 shows the characterization results of the fabricated
TFLN polarization controller. Fig. 3(a) shows the phase shift
vs driving voltage. It can be seen that the Vπ of the controller
is 3 V. With a control voltage of ±12 V, the device was able to
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Fig. 4. Principle of proposed pilot tone based polarization trakcing scheme.

cover a range of ±4π. The response time of chip was measured
by applying a square pulse with sharp rising edge and the
results are shown in Fig. 3(b), indicating a fast response time
of 2 ns was obtained.

III. PILOT-TONE-BASED POLARIZATION TRACKING FOR
PM-IM/DD SYSTEMS

In self-coherent systems, the SOP of LO can be tracked
by monitoring the power difference between X and Y polar-
ization components [23], [24]. However, this method cannot
be directly applied to PM-IM/DD systems because the signals
are modulated on each polarization. To achieve polarization
tracking for PM-IM/DD signal, a pilot-tone based calibration
free polarization tracking scheme is proposed in this paper.

Fig. 4 shows the principle of proposed pilot-tone based
polarization tracking scheme. At the transmitter side, the
pilot tones are generated and embedded into signal in digital
domain prior to optical modulation. Pilot tones with different
frequencies are assigned to X and Y polarizations, so that we
can distinguish X and Y polarizations based on frequency of
pilot tone at the receiver side. Since the frequency of the pilot
tone is low (< 15 MHz), there would not be a significant
impact on the transmission performance. The pilot tones can
be described as

Sx(y)(t) =
√
2 · sin(2πfx(y)t) ·

√
Psig · 10PSPR/10, (8)

where f is the pilot tone frequency, and PSPR denotes the
Pilot-to-Signal Power Ratio (in dB). Assuming the unscaled si-
nusoidal pilot has an average power of 0.5, the scaling ensures
that the final pilot power achieves the desired PSPR relative
to the signal power Psig. The optimization for frequency and
PSPR of pilot tone will be discussed in Section IV.

On the receiver side, the separated X/Y component was split
into two parts: one for polarization tracking and the other for

signal demodulation. In polarization tracking path, a low speed
photo-diode (PD) with a bandwidth of 200 MHz converts
optical signal into electrical signal. The embedded pilot tones
are extracted via electrical band pass filters (BPFs), amplified,
and then digitized using an analog-to-digital converter (ADC).
The digitized pilot signals are then processed in an FPGA
to generate feedback control signal to TFLN polarization
controller for real-time polarization tracking.

Unlike previous approaches in [12], [13], [14], which re-
quire prior calibration to establish a voltage-to-phase response
map, we introduce a calibration-free algorithm based on the
power of pilot tones to achieve fast, simple and reliable
polarization tracking. The core idea is iteratively adjusting the
voltage applied to each stage of TFLN phase shifters based
on the gradient direction inferred from pilot-tone amplitude.
This enables effectively tracking polarization state without any
prior knowledge of the phase-voltage relationship.

Initially, all four control voltages V1, V2, V3, V4 for the
four stages of the phase shifters are set to zero. We denote
the amplitude of the unwanted pilot tone (leaked from the
undesired polarization) as P . At each iteration, a small per-
turbation ∆V is added to each voltage Vi one at a time,
while the others are fixed. Considering the trade-off between
computation complexity and tracking precision requirement in
PM-IM/DD systems, the step size ∆V was set to correspond to
a phase shift of 1

64π. In each iteration, the pilot tone amplitude
is measured and the gradient of each voltage

Pi =
∂P

∂Vi
, i = 1, 2, 3, 4 (9)

form a gradient vector {P1, P2, P3, P4}. The voltage vector
is then updated according to the direction of the gradient to
minimize the amplitude of the unwanted pilot tone. A leakage
factor α is introduced to ensure stable operation and avoid



IEEE JOURNAL OF LIGHTWAVE TECHNOLOGY, VOL. XX, NO. XX, XXX 2025 5

Fig. 5. Experimental setup of a 224 Gb/s polarization-multiplexed PAM4 (PM-PAM4) IM/DD transmission system. (a) Probability density function of the
instantaneous SOP speed under a scrambling rate of 2 krad/s. (b) Stokes space trajectory corresponding to scrambling speed of 2 krad/s.

resetting. The voltage update is given by

V new
i = αV old

i − P · Pi

P 2
1 + P 2

2 + P 2
3 + P 2

4

, i = 1, 2, 3, 4 (10)

where α is set to 0.99, and i denotes the stage index of optical
polarization controller (OPC).

A feedback loop is repeated continuously to adapt to polar-
ization variations in real time. Notably, this method eliminates
the need for any phase-voltage calibration and is robust against
environmental fluctuations. The overall flow of the tracking
algorithm is summarized in Algorithm 1.

Algorithm 1 Pilot-Tone-Based Calibration Free Polarization
Tracking Using TFLN polarization controller
Require: Initial voltage vector {V1, V2, V3, V4} = {0, 0, 0, 0},

voltage step size ∆V , leakage factor α, pilot tone power
P

Ensure: Updated voltage vector {V new
1 , V new

2 , V new
3 , V new

4 }
applied to TFLN polarization controller

1: Measure initial pilot tone power P
2: for i = 1 to 4 do
3: Temporarily perturb voltage Vi by ∆V while keeping

others fixed
4: Apply {V1, ..., Vi +∆V, ..., V4} to the TFLN polariza-

tion controller
5: Measure resulting pilot tone power
6: Calculate normalized gradient direction:Pi = ∂P/∂Vi

7: end for
8: Have P, {P1, P2, P3, P4}, {V1, V2, V3, V4}
9: Update voltage vector according to:

V new
i = αV old

i − P · Pi

P 2
1 + P 2

2 + P 2
3 + P 2

4

10: Apply {V new
1 , V new

2 , V new
3 , V new

4 } to the TFLN polarization
controller

IV. EXPERIMENTAL SETUP AND RESULTS

Fig. 5 illustrates the experimental setup of a 224 Gb/s PM-
PAM4 IM/DD transmission system incorporating the proposed
TFLN-based polarization controller. Due to the unavailability
of a dedicated dual-polarization intensity modulator, a dual-
polarization IQ modulator (Fujitsu FTM7992HM) with a 3 dB
bandwidth of 35 GHz and a Vπ of 4.2 V was repurposed
to function as a dual polarization intensity modulator for
the generation of a 2 × 56 Gbaud PM-PAM4 signal with
embedded pilot tones. The center wavelength is 1550.42 nm.
A polarization scrambler (LUNA PSY-201) was placed after
the modulator for polarization scrambling.

Fig. 5(a) shows the probability density function of the
instantaneous SOP speed under a scrambling rate of 2 krad/s,
derived from the Stokes domain data presented in Fig. 5(b),
as shown in the distribution, the instantaneous SOP speed
exhibits a spread that can reach up to 2 krad/s. An erbium
doped fiber amplifier (EDFA) was used to compensate for the
large coupling loss from fiber to TFLN chip due to imperfect
packaging process. According to [29], a coupling loss of 1.06
dB per facet can be achieved for TFLN chip. TFLN chip with
proper packaging and therefore EDFA can be removed for the
proposed PM-IM/DD transmission system in practice.

The transmitted PM-PAM4 optical signal was launched into
the TFLN based polarization de-multiplexing after passing an
optical band-pass filter. At the output of active polarization
control chip, a polarization beam splitter (PBS) separates
the orthogonal polarization components. Optical coupler with
98:2 split ratio was used to separate optical signal into two
components. 2% of the optical signal is used for pilot tone
extraction for polarization tracking. A low-speed photo-diode
(PD) with a bandwidth of 200 MHz converts the optical signal
into the electrical signal. The embedded pilot tones were
extracted by using electrical 12th order Butterworth band-pass
filters (BPF) with center frequency of 2 MHz and 5 MHz,
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respectively. The bandwidth of both BPFs is 2 MHz. The
filtered pilot tones are then amplified and digitized using an
analog-to-digital converter (ADC) operating at 200 MSa/s. The
digitized pilot signals are then processed in an FPGA (Xilinx
Zynq-7000 series) to generate feedback control signal to TFLN
polarization controller for real-time polarization tracking. The
remaining 98% of signal is detected with a high-speed PD and
sampled by a 160 GSa/s real-time scope for data recovery.
The offline digital signal processing includes normalization,
re-sampling, digital square and filtering based timing recovery,
a 51 taps feed-forward equalization (FFE) based on decision
directed least mean square (LMS) algorithm, symbol decision
and BER calculation.
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Fig. 6. Pilot tone parameter study. (a) Influence of PSPR. (b) Influence of
pilot frequency. (c) ROP vs BER performance under X and Y polarization.

Fig. 7. (a) Polarization convergence speed. (b) The signal eye diagram when
optical polarization tracking is OFF. (c) The signal eye diagram when optical
polarization tracking is ON.

The pilot tone plays a vital role in polarization tracking by
serving as a low-frequency reference embedded in the trans-
mitted optical signal. However, the introduction of pilot-tone
signal inherently impacts system performance. Therefore, we
have carried out experimental study on the impact of two key
parameters, which are PSPR and pilot-tone frequency. Fig. 6(a)
shows the relationship between received optical power (ROP)
and BER with different PSPRs. At the hard-decision forward
error correction (HD-FEC) threshold of 3.8 × 10−3, the
measured receiver sensitivities for cases without a pilot and
with a PSPRs of –20 dB, –15 dB, and –10 dB are –5.70
dBm, –5.45 dBm, –5.43 dBm, and –5.12 dBm, respectively.
It can be seen that the penalty increases along with the
increase of PSPR. However, if the PSPR is too low to be
extracted from the signal, it will impact polarization tracking
and system performance. Considering the trade-off between
polarization tracking performance and BER performance, a
PSPR of −15 dB was chosen for following experiment. We
note that further improvements in pilot detection circuit, such
as employing an electrical amplifier with lower noise and
larger gain, it would be feasible to adopt even lower PSPR.
Fig. 6(b) shows the experimental ROP vs BER for different
pilot frequencies with a fixed PSPR of -15dB. At the HD-FEC
threshold of 3.8 × 10−3, the measured receiver sensitivities
for cases without a pilot and with pilot frequencies of 2
MHz, 5 MHz, and 13 MHz are -5.66 dBm, -5.40 dBm, -
5.22 dBm, and -5.16 dBm, respectively. It can be seen that
penalty increases along with the increase in frequency of
pilot tone. Finally, we choose pilot frequencies of 2 MHz
for X polarization and 5 MHz for Y polarization in our
transmission experiment.With PSPR optimized at −15 dB and
pilot tone frequencies optimized 2(5) MHz. Fig. 6(c) shows
the relationship between ROP and BER for a 224 Gbit/s
PM-PAM4 back-to-back transmission system. At the HD-FEC
threshold of 3.8 × 10−3, the receiver sensitivities are -5.17
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dBm for X polarization and -5.04 dBm for Y polarization,
respectively.

Fast convergence is another key performance indicator for
polarization tracking scheme, since it will enable fast link
recovery from unstable state. Fig. 7(a) shows the evolution
of unwanted pilot tone signal and control voltages through the
transition from no optical polarization tracking to turning it on.
It can be seen that from the time when optical polarization
tracking is on, FPGA-based controller dynamically updates
the control voltages for polarization control. The amplitude
of unwanted pilot tone signal starts to converge to near 0
after 0.2 ms, which is 50 times faster than that of 10 ms
reported in [9]. Fig. 7(b) shows the received eye-diagram when
optical polarization tracking is turned off. Severe polarization
interference was demonstrated. In contrast, Fig. 7(c) shows
the received eye-diagram when optical polarization tracking is
turned on, indicating a clear and high quality eye-diagram can
be obtained with the proposed polarization tracking.
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Fig. 8. Polarization tracking performance. (a) X polarization BER vs. scram-
bling rate with 2 MHz pilot tone. (b) Y polarization BER vs. scrambling rate
with 5 MHz pilot tone. (c) CCDF curves of the BER for X polarization with
different scrambling rates. (d) CCDF curves of the BER for Y polarization
with different scrambling rates.

The BER performance after transmission with a received
optical power of 2 dBm under different polarization scram-
bling speeds was measured and shown in Fig. 8. Fig. 8(a)
shows the BER vs SOP scrambling rate for X polarization.
Within 2 krad/s, all instant BER measurements are below the
hard-decision forward error correction (HD-FEC) threshold of
3.8 × 10−3. Although the average BER is below the HD-
FEC threshold of 3.8× 10−3 when scrambling rate is higher
than 2 krad/s, there are few instant BER measurements higher
than HD-FEC threshold. Fig. 8(b) shows the BER vs SOP
scrambling rate for Y polarization. Within 2 krad/s, all instant
BER measurements are below the hard-decision forward error
correction (HD-FEC) threshold of 3.8 × 10−3. Although the
average BER is below the HD-FEC threshold of 3.8× 10−3.
When scrambling rate is higher than 2 krad/s, there are
few instant BER measurements higher than the threshold.
Fig. 8(c) shows the complementary cumulative distribution
function (CCDF) curves of the BER for the X-polarization

under different scrambling rates. Fig. 8(d) shows the CCDF
of Y polarization under different scrambling rates.
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Fig. 9. Long Term BER stability test (2 krad/s scrambling, 60 s intervals,
total 2 hours). (a) X polarization. (b) Y polarization.

Long term BER under 2 krad/s polarization scrambling
rate was also measured to validate the stability of proposed
optical polarization tracking scheme, as shown in Fig. 9.
The BER was recorded every 60 seconds. Fig. 9(a) shows
the BER performance over 2 hours for X polarization. All
measurements are below HD-FEC threshold with an average
BER of 1.91×10−4. Fig. 9(b) shows the corresponding results
for Y polarization, where all measurements remain below the
HD-FEC threshold with an average BER of 3.80 × 10−4.
The results thus validate the long-term reliability of proposed
optical polarization tracking scheme.

V. CONCLUSIONS

In this paper,we have demonstrated a PM-IM/DD trans-
mission system by employing TFLN-based polarization con-
troller integrated with pilot-tone based calibration free polar-
ization tracking algorithm. Considering a HD-FEC threshold
of 3.8× 10−3, a 224 Gbit/s PM-PAM4 signal is successfully
transmitted and de-multiplexed with a polarization scrambling
rate up to 2 krad/s. To the best of our knowledge, this is the
record polarization tracking speed in PM-IM/DD transmission
systems. The tracking speed can be further improved with
FPGA operating at higher clock frequency, ADC/DAC with
higher sampling speed and reducing the complexity of tracking
algorithms, which will be topics of future research.This work
proves the feasibility of TFLN based polarization controller
for high-speed polarization tracking to enable low-cost PM-
IM/DD solution for optical interconnects in data center appli-
cations.
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