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Abstract: We demonstrate C-band IM/DD transmissions of 160-GBaud (175-GBaud)
PAM-4 over 50 km (25 km) and 200-GBaud OOK over 75 km, with dispersion-induced
power fading effectively mitigated by a silicon-photonic recurrent optical spectrum slicer,
achieving a dispersion tolerance up to 2.4 x 10°> GBd - ps/nm.

1. Introduction

The growing demand for data-intensive workloads is driving the need for energy-efficient optical links. Intensity
modulation/direct detection (IM/DD) with higher-order pulse-amplitude modulation (PAM) remains the dominant
solution for inter-data-center interconnects. However, IM/DD suffers from limited chromatic-dispersion tolerance,
which worsens at higher symbol rates [1]. Transmitter-side precoding [2] and receiver-side digital equalization [3]
can partially mitigate dispersion-induced power fading, but their complexity, latency, and energy overhead hinder
adoption. Recently, integrated and tunable optical pre-processing units, which compensate impairments by act-
ing on the full complex field before photodetection, have gained interest. Recent optical analog equalizers have
achieved up to 100 GBaud [4] and 128 GBaud [5] transmission over 5 km, based on either delay-line optical
taps or adaptive-chirp modulation. Nevertheless, extending delay-line—based schemes to longer reach remains
challenging due to cumulative loss and OSNR degradation, while chirp-based approaches are constrained by lim-
ited compensation range. Hybrid optical—electronic equalization addresses these limitations by combining optical
pre-processing with digital post-equalization [6, 7]. Among these, the frequency-diversity approach is especially
promising, merging complementary spectral components to suppress dispersion-induced fading without noise am-
plification. However, recent demonstrations [8] required extra optical branches, multiplexing, and complex DSP
synchronization, increasing system cost.

In contrast, a frequency-diversity receiver based on the recurrent optical spectrum slicing (ROSS) scheme [9]
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Fig. 1. Recent demonstrations of purely optical analog and hybrid optical-electronic equalization
in IM/DD links > 100 GBaud (a) Dispersion vs. baud rate. (b) Dispersion tolerance vs. baud rate,
indicating improved high-speed signaling capability.
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effectively mitigates power fading, nonlinearities, and bandwidth limitations through compact, receiver-side spec-
tral processing. We implement a silicon-photonic ROSS receiver comprising a Mach—Zehnder delay interferom-
eter (MZDI) with a feedback loop on a silicon-on-insulator platform. To the best of our knowledge, this is the
first demonstration of power-fading compensation in highly dispersive IM/DD transmission with accumulated
dispersion ranging from 400 to 1200 ps/nm and baud rates exceeding 160 GBaud, using only a two-node optical
equalizer and simple feed-forward equalization (FFE). We achieve C-band transmissions below the soft-decision
forward error correction (SD-FEC) limit of 175 GBaud (160 GBaud) PAM-4 over 25 km (50 km) and 200 GBaud
OOK over 75 km of standard single-mode fiber (SSMF) (Fig. 1(a)(b)), respectively, using 70 GHz-class compo-
nents. This approach extends the dispersion-limited reach of IM/DD links at high baud rates while maintaining
compatibility with legacy DSP architectures and potentially reducing cost and power compared to coherent sys-
tems.

2. Method

The ROSS receiver applies multiple frequency-shifted infinite impulse response (IIR) filters to divide the received
spectrum into distinct slices, each processed independently [10]. These slices are individually detected and dig-
itally reconstructed with a linear feed-forward equalizer (FFE). This architecture introduces frequency diversity,
allowing flexible spectral shaping and mitigating signal-to-noise ratio (SNR) degradation caused by front-end
bandwidth limits and power fading. A key advantage of ROSS is its two-stage equalization: optical processing
suppresses power fading, while digital processing removes residual inter-symbol interference, enabling scalabil-
ity in baud-rate—distance product. The experimental setup (Fig. 2(a)) uses a continuous-wave laser at 193.5 THz,
modulated by a 65-GHz thin-film lithium-niobate Mach—Zehnder modulator (TFLN-MZM) generating PAM-N
signals (N = 2, 4). The signal propagates through varying lengths of SSMF and is received by a silicon-photonic
ROSS PIC (top-view sketch and SEM images of the grating coupler, and cross-section of rib waveguide and heater
filaments are shown in Fig. 2(a), footprint < 0.3 mm?), containing a Mach—Zehnder delay interferometer (MZDI)
with a voltage-controlled feedback loop introducing 19-ps loop and 23-ps differential delays. The outputs are de-
tected by a 70-GHz photodiode and processed offline using FFE and BER evaluation. Two complementary outputs
are captured sequentially and digitally combined afterwards.

3. Results and Discussion

We first characterized the transfer function of the ROSS PIC using an erbium-doped fibre amplifier (EDFA) as
a broadband source and an optical spectrum analyzer (OSA). Figure 2(b) shows the response over a 200 GHz
range (193.4-193.6 THz), obtained for varying values of the feedback-loop phase shifter voltage between the O to
3-V range. The insertion loss is approximately 6.6 dB, mainly due to a 1.67 dB/cm waveguide loss and ~ 2.5 dB
coupling losses per grating at 1550 nm. Using the setup shown in Figure 2(a), the electrical spectra without the
PIC were measured for both back-to-back (B2B) and 50 km SSMF transmission, showing strong power fading
even at 100 GBaud PAM-4 (3 dB bandwidth ~ 55 GHz; 10 dB ~ 70 GHz, see Figure 2(c)). With the PIC inserted,
the spectra of two optimized bias conditions are plotted in Figure 2(d), exhibiting anti-correlated spectral shaping
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Fig. 2. (a) Experimental setup (b) Transfer function of the ROSS PIC under different phase-shifter
voltages in the feedback loop; Electrical spectra of 100-GBaud PAM-4 (c) B2B and after 50 km
SSMEF, and (d) outputs of two ROSS nodes after 50 km SMF (200 MHz resolution bandwidth)
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Fig. 3. BER versus transmission distance for (a) 160 Gbaud PAM-4, (b) 175 Gbaud PAM-4, and (c)
200 Gbaud OOK, comparing equalization schemes: ROSS, FFE, and NN-based equalizer.

with multiple notches. This complementary behavior enhances frequency diversity and mitigates power fading
after digital equalization.

Building on these results, we evaluated the ROSS receiver in high-speed PAM-4 and OOK transmissions over
10-85 km. Its performance was benchmarked against digital-only equalization, including a linear FFE with up to
801 taps and a neural network (NN) equalizer with two hidden layers and an input size matching the FFE length.
While highly complex, the NN equalizer represents a lower bound on the BER achievable with DSP equalization
alone. For each configuration, the optimal number of T-spaced FFE taps was selected to mitigate inter-symbol
interference and bandwidth limitations — ranging from up to 251 taps per node for 160 Gbaud PAM-4 at 50 km
to 451 taps per node for 200 Gbaud OOK at 75 km, consistent with the channel memory - with approximately 50
additional taps used to compensate for bandwidth limitations. As shown in Fig. 3(a), the ROSS receiver achieves
BERSs below the SD-FEC threshold (2 x 1072) even after 50 km at 160 Gbaud, demonstrating effective dispersion
mitigation with minimal hardware complexity. In contrast, both the NN and FFE fail to reach this threshold at any
tested distance or baud rate. At 175 Gbaud PAM-4, ROSS maintains a BER below the SD-FEC limit up to 25 km.
To probe electrical bandwidth limits, 200 Gbaud OOK transmission was also tested. Despite B2B constraints
(6 x 1073) due to limited front-end bandwidth, ROSS maintains a BER below the SD-FEC threshold up to 75 km.
Degradation beyond this distance mainly arises from >15 dB fiber loss and the resulting OSNR penalty after
amplification. Losses on the ROSS chip may be further reduced on low-loss platforms such as SizN4, while
power consumption remains only ~10% above current IM/DD transceivers [11], which is still more efficient than
maximum-likelihood sequence estimation-based solutions. The compact optical equalizer (< 0.3 mm?) consumes
only 50 mW for two filters, with potential for further reduction via optimized heater design.

4. Conclusions

By introducing frequency diversity through the ROSS architecture, we mitigated severe dispersion-induced power
fading without relying on complex DSP. The two-node ROSS receiver sets a new benchmark for high-baud-rate
IM/DD transmission, demonstrating exceptional dispersion tolerance and offering flexibility in baud rate, modu-
lation format, and transmission distance beyond that of dispersion-compensating fibers. With emerging 150-GHz
electronic front-ends and potential co-integration with photodiodes and DSP, the ROSS architecture could enable
next-generation 800 Gb/s/A IM/DD links. Overall, these results position ROSS as a compact, energy-efficient, and
versatile platform readily extendable to future passive optical network and data center optical interconnects.
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