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Abstract—As bit rates of optical interconnects increase, a large
amount of complicated signal conditioning is needed to com-
pensate for the insufficient bandwidth of current modulators. In
this paper, we evaluate the reduced equalization requirements of
high-bandwidth plasmonic modulators in short-reach transmission
experiments. It is shown that transmission of 100 Gbit/s non-
return-to-zero (NRZ) and 112 Gbit/s pulse-amplitude modulation-
4 over 1 km and 2 km distance is possible without any receiver
equalization. At higher bit-rates, such as 120 Gbit/s NRZ, data
transmission is demonstrated over 500 m with reduced receiver
equalization requirements. Transmission up to 200 Gbit/s over
1 km is also shown with more complex receiver equalization. The
reduced complexity of the receiver digital signal processing is at-
tributed to a flat frequency response of at least 108 GHz of the
plasmonic modulators. All single wavelength transmissions have
been performed at 1540 nm in standard single mode fiber.

Index Terms—Direct detection, electro-optic devices, electro-
optic modulation, integrated optics, optical interconnects, optical
modulation, optical transmitter, plasmonics, silicon photonics.

I. INTRODUCTION

H IGH-SPEED electro-optic (EO) modulators are an essen-
tial component in today’s communication network that

connects electrical information processing with the optical in-
formation transport. A large EO modulation bandwidth in com-
bination with a small footprint, low driving voltages and a simple
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and cost-efficient receiver design are the key design parameters
for EO modulators to enable the next generation of optical com-
munication systems. This is a prerequisite to mitigate the ca-
pacity bottleneck between electrical and optical interfaces and
to remedy their disparity [1].

Such EO modulators are required for transceivers with
intensity-modulation and direction-detection (IM/DD) in short-
reach optical interconnects where transmission distance of 100
m and up to 2 km are bridged and low complexity is of significant
importance. To optimize the cost efficiency of such transceivers,
the number of parallel lanes should be kept minimal to decrease
the amount of optical components. Therefore, modulator band-
widths in the range of 100 GHz are desired to allow for data
rates beyond 100 Gbit/s OOK per single lane [2]. Furthermore,
to enable a cost effective dense integration and parallelization on
limited chip space the foot print of modulators has to be reduced
significantly, preferably to the micrometer scale [3]. Moreover,
driving voltages of such modulators should be kept below one
volt to avoid power hungry driver amplifier electronics and to
enable most compact integration [4].

A broad range of modulator technologies has already convinc-
ingly demonstrated at least 100 GBd short-reach data transmis-
sion. For instance, electro-absorption modulators (EAM) enable
modulation at the micrometer scale and direct integration with
a distributed feedback laser (DFB) [5]. 100 GBd modulation
has been demonstrated on both the silicon based GeSi technol-
ogy platform [6] and on the InP technology platform [5], [7].
However, the absorption modulation leads inherently to a trade-
off between extinction ratio and signal chirping. Conversely,
Mach-Zehnder modulators (MZMs) allow for pure amplitude
modulation in the push-pull configuration with a large extinc-
tion ratio and no additional chirp. Data rates of up to 300 Gbit/s
have been demonstrated [8]. MZMs have been implemented
on several technology platforms like LiNbO3 [9]–[12], InP [8],
[13], silicon-organic hybrid (SOH) [14], and polymer photon-
ics [15]. Nevertheless, the dimensions of such modulators are
limited to the millimeter scale.

An alternative to these established technologies is the
plasmonic-organic hybrid (POH) approach [16]. It combines
MZM-enabled pure amplitude modulation at the micrometer
scale [17], [18], large extinction ratios of more than 25 dB [19],
an electro-optic bandwidth of at least 170 GHz [20], and 100
GBd non-return-to-zero (NRZ) OOK modulation with driving
voltages below 1 Vpp [21]. Furthermore, the POH technology
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Fig. 1. Colorized scanning electron microscope picture of the plasmonic-
organic hybrid Mach-Zehnder modulator. (a) A silicon photonics (SiP) Mach-
Zehnder interferometer with two incorporated plasmonic phase shifters. The
light is split and combined by SiP multi-mode interference (MMI) couplers.
The electrical signal is applied via ground (G) – signal (S) – ground (G) pads.
(b) Close-up picture of one of the phase shifters. The light is coupled from SiP
waveguides (WG) into the gold (Au) slot waveguide. An organic electro-optic
material in the slot waveguide allows for a phase shift depending on the drive
voltage.

has been demonstrated for dense integration in an optical trans-
mitter with parallel channels [22]–[24]. Yet, it is unclear if the
flat frequency response of POH modulators brings an advantage
in short-reach optical transmission systems by e.g., offering a
reduced receiver complexity.

In this paper, we show that plasmonic intensity modulators
offer reduced receiver DSP requirements in short-reach opti-
cal interconnect links with direct detection at a wavelength of
around 1540 nm. We first measure an electro-optic bandwidth
beyond 108 GHz. We then analyze the complexity of the re-
ceiver DSP for different interconnect scenarios. First, transmis-
sion with line rates of 100 Gbit/s NRZ OOK, 112 Gbit/s PAM-4,
and 120 Gbit/s NRZ are shown through 2 km, 4 km, and 500 m
long standard single mode fibers (SMF) with BERs below the
KP4 FEC threshold of 2.4 × 10−4 [25]. Ultimately, 200 Gbit/s
PAM-4 data transmission is performed through a 1 km long
standard SMF with a BER below 7.5 × 10−3. The experiments
reveal that no equalization is needed for transmission of 100
Gbit/s (NRZ) and 112 Gbit/s (PAM-4) over 1 km and 2 km and
a HD-FEC threshold of 3.8 × 10−3 can be maintained.

The paper is based on initial results published previously at
CLEO’2018, see Ref. [26].

II. PLASMONIC ORGANIC HYBRID MODULATOR

Fig. 1 depicts the colorized scanning electron microscope
(SEM) picture of the plasmonic-organic hybrid modulator [19]
used for the optical transmission experiments. The POH modu-
lator technology combines plasmonic waveguide structures [16],
which confine the light to the subwavelength scale, with pure
phase modulation enabled by the linear electro-optic Pockels-
effect in an organic electro-optic material [27]. The optical
carrier is coupled to silicon photonic (SiP) waveguides on the
chip via silicon grating couplers (GCs) [28] adapted for non-
perpendicular incidence. Intensity modulation is achieved by
two plasmonic phase modulators (PPMs) [29] integrated into a
silicon photonics Mach-Zehnder interferometer (MZI). Light is
split and combined by silicon photonic multimode interference
(MMI) couplers. The plasmonic phase modulator is a metal

insulator metal (MIM) slot waveguide filled with an organic
electro-optic material (HD-BB-OH/YLD124) [30]. The metal-
lic waveguide is made of gold and additionally functions as
contact electrodes. This enables small RC time constants and
therefore an electro-optic bandwidth of more than 170 GHz [20],
[31] Applying a voltage between the electrodes leads to a change
of the refractive index of the organic electro-optic material due
to the Pockels electro-optic effect. This results in phase modula-
tion of the plasmonic mode. Amplitude or intensity modulation
is achieved by the MZI structure.

In the experiments we used two devices. The first device
features 20 µm long and ∼140 nm wide plasmonic slot waveg-
uides. The on-chip insertion losses are∼15.5 dB with additional
fiber-to-chip coupling losses of ∼8 dB (grating coupler loss:
4 dB/coupler) and a Vπ of ∼8.5 V. The second device features
25 µm long and ∼130 nm wide slot waveguides. The on-chip
insertion losses are ∼17.5 dB with additional fiber-to-chip cou-
pling losses of ∼10 dB (grating coupler loss: 5 dB/coupler)
and a Vπ of ∼7 V. The devices are fabricated in-house on a
silicon-on-insulator (SOI) platform [19].

In the future, device performance can be improved by more
efficient electro-optic materials. The plasmonic-organic hybrid
slot waveguide structure allows the flexibility to integrate vari-
ous organic electro-optic materials into the slot [27]. It has been
demonstrated that the non-linear coefficient of such organic
electro-optic materials can be improved by at least a factor of
two [32], [33]. Consequently, just by integrating better nonlin-
ear materials into the modulator smaller Vπ can be achieved.
Conversely, at the cost of a constant Vπ the active area can
be shortened and therefore the insertion losses can be reduced.
Furthermore, long-term thermally stable organic electro-optic
materials with a high non-linear coefficient have been demon-
strated in MZM devices [34].

III. EXPERIMENTAL SETUP

The plasmonic-organic hybrid (POH) Mach-Zehnder mod-
ulator (MZM) is implemented in a short-reach transmission
testbed to evaluate its performance in an optical interconnect
scenario. Fig. 2 depicts the experimental setup. It comprises
three parts, which are the intensity modulation (IM) transmitter,
the fiber channel, and the direct detection (DD) receiver.

In the IM transmitter, two different scenarios are imple-
mented, which can be mainly distinguished by the electrical
signal generation. The first scenario Tx-A comprises a Micram
digital-to-analog converter (DAC) [35] with a sampling rate of
100 GSa/s and an electrical 3 dB bandwidth of 42 GHz for ana-
log waveform generation. The digital waveform is generated
offline beforehand. This comprises the generation of a random
bit sequence, Gray mapping on symbols and pulse shaping with
a square-root-raised-cosine with a roll-off factor of 0.4 in the
case of PAM-4. In the case of 100 Gbit/s NRZ signals, only the
generation of a random bit sequence is required. Furthermore,
we applied pre-distortion to compensate for linear and nonlin-
ear impairments [36] from the electronic devices and cables
based on electrical back-to-back measurements. In the second
transmitter scenario Tx-B, the signal generator is replaced by
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Fig. 2. Experimental setup. The intensity modulated (IM) transmitter with two electronic driver scenarios. In the first scenario Tx-A, the electrical signal is
generated with a digital-to-analog converter (DAC) and offline digital signal processing (DSP) with symbol rates of up to 100 GBd. In the second scenario Tx-B,
a 120 GBd signal is generated by an electronic multiplexer, which is fed by eight decorrelated 15 GBd bit streams generated by an arbitrary waveform generator
(AWG). The electrical signal is amplified by driver amplifiers (DAs). The electrical signal is fed to the plasmonic-organic hybrid Mach-Zehnder modulator. A
tunable laser source (TLS) generates the optical carrier and applied via grating couplers (GC) onto the modulator chip. The optical signal is amplified by an erbium
doped fiber amplifier (EDFA) and transmitted through a single mode fiber (SMF). At the direct detection (DD) receiver, a variable optical attenuator (VOA) defines
the received optical power level and a photodiode (PD) detects the optical signal. The electrical signal is digitized by a real-time oscilloscope (RTO) and offline
DSP evaluates the data using feed-forward equalization (FFE) and look-up table (LUT) based maximum a posterior (MAP) equalization.

an electronic multiplexer to achieve larger symbol rates. The
multiplexer [37] is realized in SiGe BiCMOS technology. It re-
quires eight decorrelated 15 GBd bit streams generated by an
arbitrary waveform generator at the input and generates a 120
Gbit/s NRZ signal. The outputs of the transmitters Tx-A and
Tx-B are amplified by broadband driver amplifiers (DA) with 3
dB bandwidths of 55 GHz (SHF 807) and 65 GHz (SHF 827).
The driver amplifier with a 65 GHz bandwidth has been used
for Tx-B to address the larger bandwidth of the 120 Gbit/s NRZ
signal. A bias tee is used to adjust the operating point. For the
two scenarios, we measured root mean square voltages Vrms of
0.94 V and 0.80 V. The voltages were measured at 50 Ω ter-
mination with a 63 GHz real-time oscilloscope just before the
modulator chip. In Fig. 2, it can be seen that twice the Vrms ,
which is highlighted by arrows, aligns with the mean voltage
swing at the maximum eye-opening of the two-level signals.
The electrical signals are then applied via microwave probes to
the on-chip POH MZM. The optical carrier is generated by a
tunable laser source (TLS) at around 1540 nm with an optical
power of 11 dBm. It is fed via grating couplers to the chip. Be-
fore transmission, the signal is optically amplified by an erbium
doped fiber amplifier (EDFA) without an optical bandpass fil-
ter. The EDFA’s input power is between −16.5 dBm and −12.5
dBm and the output power between 10 dBm and 12 dBm.

The transmission line comprises different spans of 100 m,
500 m, 1 km, 2 km, 3 km, and 4 km of SMF28e+ type standard
single mode fiber (SSMF).

At the DD receiver, a variable optical attenuator (VOA) is
used to adjust the signal for different receiver power levels. The
optical signal is detected by a photodiode with a bandwidth of
70 GHz, which is directly attached to a real-time oscilloscope
(RTO) to digitize the waveform. The RTO has an electrical
bandwidth of 63 GHz and a sampling rate of 160 GSa/s. The

digitized signal is then analyzed by offline digital signal process-
ing (DSP). The offline DSP comprises signal normalization, tim-
ing recovery, T/2-spaced feed-forward equalization (FFE) with
a least mean square (LMS) update rule, a look-up table (LUT)
based maximum a-posteriori (MAP) equalizer [38]–[40], a T-
spaced FFE with LMS update rule, hard symbol decision, and
error counting to calculate the bit error ratio (BER). The lin-
ear and nonlinear filters are trained in a data-aided mode over
the first 10% to 25% of the received symbols and are applied
afterwards statically.

IV. EXPERIMENTAL RESULTS

A. Electro-Optic Bandwidth

Firstly, we investigated the electro-optic bandwidth charac-
teristics of the plasmonic modulator. The characterization in-
cludes two parts: the analysis with a broadband data signal for
frequencies of up to 60 GHz and the assessment with a harmonic
frequency signal between 10 GHz and 108 GHz.

For the evaluation with the broadband data signal, we used
the experimental setup as mentioned above with the Tx-B sce-
nario. We analyzed the electro-optic-electrical (EOE) frequency
response derived by DSP from a 120 Gbit/s NRZ signal in an
electrical and optical back-to-back (BTB) measurement. The
electrical response corresponds to the NRZ signal as fed to the
modulator. The optical BTB measurement includes the signal as
generated in the modulator and received by the photodiode. The
modulator response is then obtained by subtracting the electrical
frequency response and photodiode response from the optical
frequency response. To determine the frequency responses from
the DSP equalizer of both the electrical and optical signals we
used a T/2-spaced FFE with 101 taps and a data-aided LMS
training procedure. This allowed us to derive the frequency
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Fig. 3. Frequency responses as normalized magnitude versus frequency. The
optical back to back (BTB) measurement in black (square). The electrical back-
to-back (BTB) measurement in red (circle). The electro-optic (EO) bandwidth
of a broadband signal in green (triangle) estimated with a feed-forward equalizer
(FFE). The electro-optic bandwidth measured with an optical spectrum analyzer
(OSA) in green (cross).

response for up to 60 GHz. Fig. 3 presents the results as normal-
ized magnitude versus frequency for the optical (black squares)
and the electrical (red circles) BTB measurements. The modu-
lator response (green triangles) shows that there is no indication
of a frequency roll-off of up to 60 GHz.

In the next step, we analyzed the electro-optical (EO) fre-
quency response of the plasmonic modulator up to 108 GHz.
We utilized heterodyne mixing of two tunable lasers in a pho-
todiode to generate electrical harmonics of up to 108 GHz and
applied them on the POH MZM. To evaluate the EO frequency
response, we measured the ratio between optical carrier and
modulated signal with an optical spectrum analyzer (OSA) [19]
between 10 GHz and 108 GHz. We normalized this modula-
tion efficiency and plotted it as normalized magnitude (green
crosses) in Fig. 3. It can be seen that there is no indication of any
magnitude roll-off for frequencies up to 108 GHz. The strong
oscillations are related to the electrical back reflection from the
device into the photodiode. The electro-optic bandwidth mea-
surements are in good agreement with previous publications
[20], [31].

B. Data Experiments

We present the bit error ratio (BER) performance at different
received optical power levels for varying modulation formats,
symbol rates, transmission distances and receiver DSP com-
plexities. All measured BERs are calculated for ∼1.5 × 107

bits. With statistical confidence of at least 100 measured errors
the minimal BER is around ∼9.5 × 10−6. We consider three
different input BER thresholds of hard-decision forward error
correction codes as reference. The first code is known as KP4
FEC that is a Reed-Solomon RS(544,514) FEC code with a
BER threshold of 2.4 × 10−4 [25]. The second code is known
as HD-FEC. The HD-FEC is a FEC code with two interleaved
Bose–Chaudhuri–Hocquenghem BCH(1020,988) codes with a
BER threshold of 3.8 × 10−3, an overhead of 7 %, and a net
coding gain of 9.19 dB. It is defined by the OUT4 standard

Fig. 4. Experimental results of 100 Gbit/s NRZ-OOK signals. As reference the
FEC limits at 3.8 × 10−3 and 2.4 × 10−4 (grey dashed) are shown. (a) BER as
a function of the received optical power for back-to-back (BTB) (black square),
1 km (red circle), 2 km (green triangle), and 3 km (blue triangle) transmission.
(b) Complexity analysis of receiver DSP. BER as a function of the transmission
distance for receiver DSP without any equalizer (black square), a T-spaced FFE
with 3 taps (red circle), 11 taps (green triangle), 51 taps (dark blue triangle),
and full DSP (light blue diamond).

G.975.1 [41], [42]. The third code is a hard decision staircase
code with an overhead of 10 %, a net coding gain of 9.87 dB
and a BER threshold of 7.54 × 10−3 [43].

Fig. 4(a) shows the BER results for 100 Gbit/s NRZ-OOK
signals as a function of received optical power. The results are
presented for back-to-back (BTB) and transmission spans be-
tween 1 km and 3 km. A 100 GBd data transmission for up to
2 km below the KP4-FEC limit and of up to 3 km below the
HD-FEC is demonstrated. For this transmission experiment, a
receiver DSP block with a T/2-spaced FFE with 51 taps, LUT-
MAP with 5 taps, and a T-spaced FFE with 51 taps has been
used. Fig. 4(b) shows the best achievable BER performance (i.e.,
at the optimum received powers, which are∼6 dBm,∼7.5 dBm,
∼7.25 dBm, and ∼6.5 dBm for BTB, 1 km, 2 km, and 3 km) for
different transmission lengths and different receiver DSP com-
plexities. We reduced the three equalizer stages to one single
T-spaced FFE and varied the amount of filter taps. It can be
seen, that no equalizer is needed to stay below a BER of 2.4 ×
10−4 in the BTB scenario. For data transmission a T-spaced FFE
with 3 taps, 11 taps, and the full DSP block were required for 1
km, 2 km, and 3 km of SMF. In the case of BTB and filter taps
larger than 10 taps we measure only a single error which results
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Fig. 5. Experimental results of 112 Gbit/s PAM-4 signals. As reference the
FEC limits at 3.8 × 10−3 and 2.4 × 10−4 (grey dashed) are shown. (a) BER as a
function of the received optical power for back-to-back (BTB) (black square), 1
km (red circle), 2 km (green triangle), 3 km (dark blue triangle), and 4 km (light
blue diamond) transmission. (b) Complexity analysis of receiver DSP. BER as
a function of the transmission distance for receiver DSP without any equalizer
(black square), a T-spaced FFE with 5 taps (red circle), 7 taps (green triangle),
51 taps (dark blue triangle), and full DSP (light blue diamond).

in a BER of ∼9.5 × 10−8. It can be observed that for transmis-
sion of more than 1 km a complex receiver DSP is required. This
is because of the power fading caused by chromatic dispersion
with direct detection which leads to frequency notches in the
broad frequency band of a 100 GBd NRZ signal.

In the next step, we tested the POH MZM with a 112 Gbit/s
PAM-4 signal. The BER performance as a function of the re-
ceived optical power for different transmission distances from
BTB to 4 km is depicted in Fig. 5(a). We demonstrate data
transmission over 4 km of SMF with a BER below the KP4-
FEC limit. The receiver DSP comprises as equalizer algorithms
a T/2-spaced FFE with 51 taps, a LUT-MAP with 5 taps, and T-
spaced FFE with 101 taps. Fig. 5(b) shows the BER performance
as function of transmission distance for different receiver DSP
complexities. For data transmission of up to 2 km, no receiver
equalizer is required to achieve a BER below the HD-FEC limit.
To stay below the KP4-FEC limit the receiver DSP requires a 5
taps T-spaced FFE for 1 km, a 7 taps T-spaced FFE for 2 km, and
a 51 taps FFE for 3 km data transmission. To achieve data trans-
mission over 4 km the full receiver DSP is needed. Up to 2 km
the increasing transmission distance has almost no influence on

Fig. 6. Experimental results of 120 Gbit/s NRZ OOK signals. As reference the
FEC limits at 3.8 × 10−3 and 2.4 × 10−4 (grey dashed) are shown. (a) BER as
a function of the received optical power for back-to-back (BTB) (black square),
100 m (red circle), and 500 m (green triangle) transmission. (b) Complexity
analysis of receiver DSP. BER as a function of the transmission distance for
receiver DSP without any equalizer (black square), a T-spaced FFE with 3 taps
(red circle), 5 taps (green triangle), 31 taps (dark blue triangle), and full DSP
(light blue diamond).

Fig. 7. Experimental results of 200 Gbit/s PAM-4 signals. BER as a function
of the received optical power for back-to-back (BTB) (black square) and 1 km
(red circle). As reference the FEC thresholds at 7.5 × 10−3 and 3.8 × 10−3

(grey dashed) are shown.

the performance. This is in contrast to 100 Gbit/s NRZ, which
suffers already after 1 km from chromatic dispersions induced
impairments and is explained by the smaller symbol rate of 56
GBd of the 112 Gbit/s signal.
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TABLE I
ANALYSIS OF SIGNAL INTEGRITY FOR DIFFERENT DSP COMPLEXITIES AND DATA RATES OF 100 GBIT/S, 112 GBIT/S, 120 GBIT/S, AND 200 GBIT/S

FOR BACK-TO-BACK AS WELL AS TRANSMISSION. THE TRANSMISSION DISTANCE IS INDICATED INSIDE THE EYE DIAGRAMS

We further increased the symbol rate to 120 GBd with help
of an electronic multiplexer. This allows data transmission of a
120 Gbit/s NRZ OOK signal. Fig. 6(a) shows the results as BER
performance versus received optical power for different trans-
mission distances. We demonstrate 120 Gbit/s NRZ OOK data
transmission over 500 m with a BER below the KP4-FEC limit.
The transmission length is significantly reduced, since the sym-
bol rate has a quadratic effect on the strength of the chromatic
dispersion. The receiver DSP includes as equalizer algorithms
a T/2-spaced FFE with 51 taps, a LUT-MAP with 7 taps, and
T-spaced FFE with 101 taps. We also evaluated the receiver
DSP complexity requirement for 120 Gbit/s data modulation.
Fig. 6(b) shows the results of the complexity analysis as BER
performance versus transmission distance for different receiver
DSP complexities. It can be seen that a 3 taps T-spaced FFE
is sufficient to achieve a BER performance below the HD-FEC
limit with a transmission distance of at least up to 500 m.

To achieve a BER performance below the KP4-FEC limit, a T-
spaced FFE with 31 taps for 100 m transmission and the full DSP
for 500 m transmission were required. For 120 Gbit/s signals,
in all cases at least a simple equalizer was required because of
the limiting electronic bandwidth, especially of the real-time
oscilloscope of about 63 GHz. Besides, we didn’t apply any
pre-distortion to compensate any bandwidth limitations from
the electronics in the case of Tx-B.

Finally, we increased the data rate to 200 Gbit/s with the
transmitter scenario Tx-A. The signal has a symbol rate of 100
GBd and uses PAM-4 as modulation format. Fig. 7 shows the
results of the BER as function of the received optical power
for the BTB scenario and transmission over 1 km SMF. It can
be seen that in the BTB scenario a BER below the HD-FEC
can be achieved. After 1 km transmission the BER stays below
a 10% overhead HD staircase FEC [43] limit of 7.5 × 10−3.
The receiver DSP includes a T/2-spaced FFE with 101 taps, a
LUT-MAP with 7 taps, and T-spaced FFE with 101 taps. In case
of the 200 Gbit/s signal we did not analyze the DSP complexity
since only DSP with high complexity was sufficient to achieve
BERs below the HD-FEC limit.

C. Eye Diagrams

Table I highlights the eye diagrams captured at the receiver
which are a qualitative way to evaluate the signal integrity. The
eye diagrams are obtained after the receiver DSP and are dig-
itally interpolated with 106 symbols and a raised cosine pulse
shape with a roll-off factor of one. The given BER is calculated
for∼1.5× 107 bits. Additionally, we display the signal-to-noise
ratio (SNR) which is digitally estimated on the symbol level.
The eye diagrams are given for the four different line rates 100
Gbit/s NRZ, 112 Gbit/s PAM-4, 120 Gbit/s NRZ, and 200 Gbit/s
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PAM-4 which are separated by rows. The three different main
columns represent the different cases of DSP complexity that
are full DSP, single 5 taps T-space FFE, and without any equal-
ization. Besides, the columns distinguish between BTB and
transmission.

In the case of the DSP complexity without any equalization at
the receiver the DSP applies only timing recovery and normal-
ization onto the digitized waveform. It can be observed that data
transmission of up to 1 km and 2 km can be achieved for 100
Gbit/s and 112 Gbit/s with a BER below the HD-FEC threshold.
It confirms that the plasmonic modulator does not introduce any
bandwidth limitations.

V. CONCLUSION AND OUTLOOK

We have demonstrated 200 Gbit/s PAM-4 data transmission
with a plasmonic modulator in an intensity modulation direct
detection optical interconnect with 1 km single mode fiber at
a wavelength of 1540 nm and with high DSP complexity. Be-
sides, we demonstrated 100 Gbit/s NRZ, 112 Gbit/s PAM-4,
and 120 Gbit/s NRZ data transmission over 2 km, 4 km, and
500 m of single mode fiber with a BER performance below the
KP4 threshold of 2.4 − 10−4. The required complexity of the
receiver DSP has been investigated. We have shown that data
transmission of 100 Gbit/s and 112 Gbit/s over 1 km and 2 km of
single mode fiber without equalization at the receiver and a BER
below the HD-FEC threshold of 3.8 × 10−3 can be achieved.
Furthermore, we measured the electro-optic frequency response
of the plasmonic modulator and did not observe any indication
of a magnitude roll-off for frequencies up to 108 GHz.

The receiver DSP complexity studies and the frequency re-
sponse measurement show that the plasmonic modulator does
not introduce any additional low-pass characteristic in the IM-
DD transceiver system. This underlines the large frequency re-
sponse of at least 170 GHz from previous measurements [20].

To achieve more robustness towards chromatic dispersion
even with large symbol rates, the IM-DD system with the POH
can also be shifted towards the O-band with a wavelength of
1310 nm [7]. This results in an additional advantage of in-
creased nonlinearities and thus an increased modulation effi-
ciency [44]. Shifting the operation wavelength to 1310 nm re-
duces the voltage-length product and thus, when keeping the
Vπ , constant, the length of the active region that consequently
lowers the insertion losses.
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