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Abstract

Driven by the rapid growth of artificial intelligence (Al), high-performance
computing (HPC), and cloud-scale data centers, ultra-high-speed data links
have become the critical backbone of next-generation communication
systems. To support 112 Gb/s and 224 Gb/s data Serializer/Deserializer
(SerDes) architectures, high-speed receivers must overcome severe signal
integrity challenges, including high-frequency channel loss, inter-symbol
interference (ISI), and noise amplifications. At 224 Gb/s operation, channel
loss at the Nyquist frequency can exceed 35 dB. It drastically limits the
performance of conventional analog equalizers in terms of power efficiency,
flexibility, and scalability.

With an integrated analog front-end (AFE), the receiver can compensate
up to 35 dB channel loss at the Nyquist frequency, achieving a pre-forward
error correction (pre-FEC) Bit Error Rate (BER) below 10°°.

The proposed architecture is highly applicable to next generation high-speed
transceiver ASICs, silicon photonics (co-packaged optics), and high-speed
network switches in Al data centers. It demonstrates strong competitive
potential for future high speed, low power Serdes applications.

DSP Total power = 506 mW (2.26 pJ/b)
EQPower Breakdown
(excluding CDR, Clock tree)

To address these challenges, this work proposes a Digital Signal Processing
(DSP) solution for 112/224 Gb/s ADC-based ultra-high-speed wireline receiv-
ers. The proposed architecture enhances signal quality and transmission
reliability through high-speed digital equalization and adaptive signal
processing techniques.
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To support 224 Gb/s data throughput under stringent timing constraints
of digital circuits, a 160-way parallel DSP engine is presented, featuring
an innovative system architecture and optimized submodule designs. The
core circuits integrate a Feed-Forward Equalizer (FFE), a Decision Feedback 1229 ym N "
Equalizer (DFE), a Maximum Likelihood Sequence Detector (MLSD), and
a background Signal-to-Noise Ratio (SNR) monitor for dynamic hardware
reconfiguration.

Fig. 3 DSP post-layout and power break down.

For the FFE, an automated design agent supporting both fast FIR algorithm
(FFA) and parallel unrolling technique is deployed. This framework
automatically generates highly efficient circuits tailored to various input and
output parallelism configurations. The DFE design adopts a sliding-block
architecture incorporating a feed-forward seed pre-equalization. This
approach resolves the critical long-history-block bottleneck inherent in
conventional architectures, thereby circumventing timing violations and
routing congestion under severe channel-loss conditions.

For the MLSD design, a DFE-based region detector is proposed for L N R = C w W T
reduced-state trellis pruning. It significantly reduces hardware complexity e g R

and power consumption while maintaining comparable Bit Error Rate
(BER) performance as that of a full-state MLSD.

(a). Simulated BER bathtub curves @ IL=22dB (b). FFE Tap Num Adaptation

Fig. 4 (a) Bathtub curve@22dB IL. (b) Resource configuration measurements of FFT taps
number under different channels.
In addition, a background SNR monitor enabling dynamic hardware

reconfiguration is proposed. Based on the real channel conditions, specific
hardware cores such as filter-taps can be partially powered down to further
enhance energy efficiency. The proposed DSP engine was verified on an
FPGA platform and implemented in a TSMC 16 nm CMOS process.
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