




 

Abstract 

We demonstrate a 2-λ × 50-Gb/s PAM-4 silicon (Si) ring-

resonator-based wavelength division multiplexing (WDM) 

optical receiver. Each optical receiver achieves BER less 

than 1e-12 for 32-Gb/s NRZ and less than 2.4e-4 for 50-Gb/s 

PAM-4 data.   

I.  INTRODUCTION  

The explosive growth of artificial intelligence (AI) and 

high-performance computing (HPC) systems demands 

high-bandwidth data communications. As systems scale 

out, conventional electrical interconnects have limitations 

in increasing data throughput with high energy efficiency. 

As a result, optical interconnects are increasingly used to 

meet the required data throughput. Si photonics is widely 

adopted due to its compatibility with complementary 

metal-oxide-semiconductor (CMOS) process and a great 

potential for large-scale integration. Among various Si 

photonic devices, ring resonators offer small footprints 

and high wavelength selectivity, making them suitable for 

WDM systems by cascading multiple ring resonators [1]. 

For the receiver operation, ring resonator filters (RRFs) 

are used to demultiplex WDM channels.  

In this paper, we present the hybrid-integrated 2-λ × 

50-Gb/s PAM-4 Si RRF WDM optical receiver. The 

proposed optical receiver achieves a bit error rate (BER) 

less than 2.4e-4 at an input optical modulation amplitude 

(OMA) of -7.49-dBm without any pulse pattern generator 

(PPG) and bit error rate tester (BERT) equalization.  

II.  SYSTEM IMPLEMENTATION 

Fig. 1 shows a block diagram of the implemented 

WDM optical receiver and its external temperature 

controller (TC). The WDM optical receiver consists of a 

photonic IC (PIC), an electronic IC (EIC) and its 

photograph is shown in Fig. 2. The PIC is fabricated by 

Advanced Micro Foundry and consists of two RRFs with 

the same geometry sharing a single bus waveguide. Each 

RRF has a metal heater to tune its resonance wavelength 

and a germanium-photodetector (PD) integrated at its 

drop port, whose output is wire-bonded to the EIC. In 

addition, the PD cathode voltages are supplied with 2.6-V 

using low-dropout regulators (LDOs) in the EIC. The 

EIC is fabricated by Samsung 28-nm CMOS technology 

and consists of two inverter-based receivers with 

inductive peaking. 
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Fig. 1. Block diagram of the WDM optical receiver with external TC. 

 

 
Fig. 2. Photograph of the WDM optical receiver. 

Each receiver has a transimpedance amplifier (TIA), a 

continuous time linear equalizer (CTLE), a single-to-

differential amplifier (S2D), variable gain amplifiers 

(VGAs), and a 50-ohm output buffer (OB). A DC offset 

cancellation (DCOC) loop removes DC currents from the 

PD and a received signal strength indicator (RSSI) 

monitors received average optical power. The TC 

consists of two 8-bit ADCs, two 8-bit DACs with heater 

drivers (DRVs) and a field-programmable gate array 

(FPGA).  The TC sweeps the heater voltage of each RRF 

to align its resonance wavelength with the input 

wavelength by maximizing each RSSI output voltage. 

The resonance wavelength locking of each RRF is 

maintained using a dither-and-track technique reported in 

our previous work [2]. 
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Fig. 3 Measured WDM optical receiver output eye diagrams for 32-Gb/s 

PRBS-31 NRZ input data. 

III.  MEASUREMENT RESULTS 

To evaluate the WDM optical receiver operation, the 

hybrid-integrated optical receiver is packaged on an FR4 

PCB and measured at 25-°C by using a temperature-

controllable stage. Two different input wavelengths of λ1 

= 1530.0-nm and λ2 = 1531.6-nm are combined through 

the 2 by 1 fiber coupler and coupled into the PIC through 

a fiber array (FA). Due to the limitations in our 

measurement setup, only one input wavelength can be 

modulated with pseudo-random binary sequence (PRBS) 

data using a Mach-Zehnder modulator. An erbium-doped 

fiber amplifier (EDFA) is used to compensate for fiber 

insertion loss, followed by a variable optical attenuator 

(VOA) to adjust the incident optical power. The heater 

driver operates with 2.2-V supply voltage, which enables 

resonance wavelength tuning beyond one free spectral 

range of each RRF. The receiver outputs are measured 

using GSSG RF probes. 

Fig. 3 shows the measured 32-Gb/s PRBS-31 NRZ 

output eye diagrams of the WDM optical receiver. Fig. 4 

shows the measured 50-Gb/s PRBS-15 PAM-4 output 

eye diagrams of the WDM optical receiver. Eye diagrams 

are measured without PPG and oscilloscope 

equalizations, while the TC is in dither-and-track mode. 

The difference in the measured eye diagrams between 

channel1 (CH1) and channel2 (CH2) originates from the 

difference in the TIA inductor sizes to examine their 

impact on the overall response.  

Fig. 5 shows the measured BER curves of the WDM 

optical receiver as a function of input OMA. For 32-Gb/s 

PRBS-31 NRZ input data, the BER less than 1e-12 is 

achieved at the input OMA of -10.6-dBm. For 50-Gb/s 

PRBS-15 PAM-4 input data, the BER less than the pre-

FEC limit of 2.4e-4 is achieved at the input OMA of -

7.49-dBm. Each WDM receiver consumes 58.7-mW from 

a 1.25-V supply voltage, achieving energy efficiency of 

1.17-pJ/bit for the 50-Gb/s PAM-4 operation.  

 
Fig. 4 Measured WDM optical receiver output eye diagrams for 50-Gb/s 

PRBS-15 PAM-4 input data. 
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Fig. 5 Measured BER curves of the WDM optical receiver for 32-Gb/s 

PRBS-31 NRZ and 50-Gb/s PRBS-15 PAM-4 input data. 

IV.  CONCLUSION 

We demonstrate the hybrid-integrated 2-λ × 50-Gb/s 

PAM-4 Si RRF WDM optical receiver, which achieves 

BER less than 2.4e-4 at the input OMA of -7.49-dBm 

without any equipment equalization.  
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