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Abstract—This paper presents a monolithically integrated 2 × 
64-Gb/s silicon photonic WDM transmitter using micro-ring 
modulators (MRMs) and EPIC technology, fabricated in a 0.25 
µm process. The PAM-4 driver enhances linearity and 
performance, with measurements confirming stable 64-Gb/s 
operation.  

Keywords—Silicon photonics, WDM transmitter, PAM-4 
modulation, monolithic integration, micro-ring modulator. 

 

I. INTRODUCTION  
In recent years, the demand for high-bandwidth input/output 

(I/O) solutions has surged due to the rapid advancements in 
high-performance computing (HPC) and artificial intelligence 
(AI) [1-2]. These applications require massive data transfer rates 
to handle large-scale parallel computations efficiently. 
Traditional electronic interconnects face fundamental 
limitations in terms of power consumption, latency, and 
bandwidth scalability. As a result, silicon photonics has emerged 
as a promising solution to address these challenges [3]. 

One of the key techniques in silicon photonics for high-speed 
optical communication is wavelength-division multiplexing 
(WDM), which enables multiple optical signals to be transmitted 
simultaneously over a single optical fiber [4]. This significantly 
enhances bandwidth efficiency while maintaining a compact 
footprint and also increases energy efficiency. A crucial 
component enabling efficient WDM transmission is the micro-
ring modulator (MRM), which allows for high-speed, energy-
efficient optical modulation with a small footprint and strong 
integration capabilities. Furthermore, by leveraging monolithic 
integration through EPIC technology, electronic and photonic 
components can be seamlessly co-integrated on a single 
substrate, reducing parasitic losses, improving signal integrity, 
and minimizing latency [5]. This approach enhances scalability 

and simplifies fabrication, making it a compelling choice for 
high-performance optical interconnects. 

In this paper, we present a 2-channel WDM 64-Gb/s PAM4 
silicon photonics-based transmitter IC with MRMs, 
monolithically integrated using an EPIC process for high-
bandwidth optical interconnects. The proposed design 
capitalizes on the benefits of silicon photonics to achieve 
scalable, low-power, and high-speed data transmission. We will 
discuss the transmitter design considerations and measurement 
setup, followed by the output eye diagrams and conclusion. 
 

II. TRANSMITTER DESIGN 

Fig. 1 illustrates the block diagram of the electrical section 
of the proposed transmitter. The transmitter architecture consists 
of source-degenerated differential pairs, emitter follower (EF) 
buffers, and a cascode configuration for high-voltage operation. 
Additionally, the system utilizes a single-ended to differential 
(S2D) conversion stage for differential signaling. The output of 
the S2D stage is fed into EF buffers, which provide biasing and 
prevent loading effects, ensuring stable signal propagation into 
the PAM-4 driver. 

 

 
 

Fig. 1. Block diagram of transmitter. 
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 Fig. 2 shows the circuit diagram of PAM-4 driver. The 
driver employs source degeneration to improve linearity and 
bandwidth while maintaining power efficiency. A cascode 
topology  enables high-voltage operation with a 4.5 V supply 
while reducing voltage stress on active components. The output 
stage incorporates load resistors RL of 80 Ω. Additionally, 
inductive peaking LP of 200 pH extends the driver bandwidth 
from 29-GHz to 40-GHz. To compensate for the DC 
nonlinearity of the MRM, the ratio of the MSB and LSB currents 
is adjusted. This enables pre-distortion through RLM, 
effectively linearizing the MRM response. 

III. MEASUREMENT SETUP AND RESULTS 
Fig. 3 presents the chip photo of the fabricated WDM 

transmitter, which is implemented using IHP’s 0.25 µm 
SG25H5 process. The transmitter consists of two independent 
channels which are CH1 and CH2, each integrating a PAM-4 
driver and a MRM. The input MSB and LSB signals drive the 
PAM-4 transmitter, modulating the MRM. The gap between the 
MRM and the waveguide, is 240 nm for channel 1 and 260 nm 
for channel 2. 

Fig. 4 illustrates the measurement setup of the WDM 
transmitter. A tunable laser source provides a continuous-wave 
(CW) optical signal, which is polarization-controlled before 
being coupled into the chip. The transmitter is driven by an 
external 2-channel pattern generator supplying MSB and LSB 
signals. The modulated optical signals are coupled out via a 
grating coupler and transmitted through an optical fiber. The 
grating coupler introduces an insertion loss of approximately 4.5  

dB. An erbium-doped fiber amplifier (EDFA) compensates for 
optical losses before detection by 40 GHz photodetector (PD). 
The electrical output is analyzed using an oscilloscope to assess 
signal integrity, eye diagrams, and overall modulation 
performance.  Fig. 5 shows the measured 64-Gb/s PAM-4 eye 
diagrams for channel 1 and channel 2. Both channels exhibit 
reliable operation at the target data rate. 
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Fig. 2. Block diagram of PAM-4 driver. 
 

 
 

Fig. 3. Chip photo. 
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Fig. 4. Measurement setup. 

 
Fig. 5. 64-Gb/s PAM-4 eye diagrams of each channel. 
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