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Concept – encode and send data in many tightly spaced channels – allow for compact devices and low power 

communication in optical domain - intensity, phase, polarization…

High throughput (x100Gbps-1Tbps) with relatively low electrical BW circuit, link budget, footprint

• No 100GHz clock distribution, 200Gbps SERDES or long electrical data channels

• We can choose the data rate to optimize energy efficiency or available technology

• Avoid high optical power and alleviate associated nonlinear phenomena

Attractive solution over CWDM for CPO and optics on interposer in terms of throughput, energy, area and latency

BUT… it is a complex system and requires detailed link modeling 

DWDM Photonics for Interconnects
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Link Modeling: Design Considerations and Tradeoffs
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Estimate the link performance and energy with accurately captured effects of low-level device and circuit parameters

Build statistical eye diagrams as a series of histograms based on circuit and device level step responses and data pattern 
probabilities

Link Modeling
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Rings are characterized by step responses, obtained by performing inline (almost) fixed step transient simulations of a 
coupled-mode model to a fixed voltage or optical power step, as a function of number of parameters

• Coupler coefficients, modulation efficiency, ring length, waveguide loss, group and phase index, wavelength displacement from the resonance, 
voltage levels and input power

• Simulation performed inline as opposed to a call to a commercial simulator for execution speed

Computation in complex domain to keep track of the light phase information

Separate low→high and high→low responses to capture nonlinearity

Ring dynamics (power build up, overshoot, BW etc.) is an emergent behavior of these interdependencies unrolled in time

Device Models - Rings
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Build NxN matrix of system step responses by convolving impulse 
responses of all components from every input to every output

• Calculate responses over all wavelengths in the system

• Readily available by simulating step responses at wavelength displacements of 
opt+k*ch_space, main channel (k=0) and crosstalk (k<>0)

• Optimal displacement from resonance opt (blue side) determined exactly 
(assumed ideal thermal tuning)

Calculate response at RX output to every possible data pattern history of 
given length at every TX input and every wavelength

Bin responses weighted by the data pattern probability to build a voltage 
histogram at any time slice in the eye

Add the effect of random noise by convolving the noiseless histogram with 
the noise pdf filtered by the appropriate TF, depending on the point of noise 
occurrence

Statistical Eye Generation (#1)
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Statistical Eye Generation (#2)
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TX rings tend to have higher Q than RX rings because Q also determines OMA, critical to achieve target BER

BER=1e-12, 32Gb/s, 18 channels, 5u ring radius, 22pm/V, 60dB/cm (TX), 10dB/cm (RX), 23GHz electrical BW, channel spacing 131GHz (equidistant)

Results #1: Find Optimal Ring Q’s for Given Architecture 
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Baseline design still possible but difficult

Improve feasibility with EQ, more efficient ring modulator (e.g., vertical junction) or more selective 2nd order RX ring filter 
(double ring), along with increasing data rate compared to 400G/fiber case

Results #2: Link Simulations - Find Optimal Data Rate and 
Number of Channels: 800G/fiber
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PAM-4 amplitude penalty of 9dB (or higher with ring nonlinearities) is very difficult to overcome in OMA-starved link 
such as DWDM or photonic in general

• Must increase the laser power significantly and thus compromise energy efficiency to recover BER

Justified only at the limits of technology where the penalty of operating the electrical circuitry at twice the baud 
rate (for NRZ) may be too prohibitive, e.g., at >100Gbps

Results #3: Signaling Comparison – NRZ vs. PAM-4

400G total throughput, 5u ring radius, baseline: 22pm/V, 60dB/cm (TX), 10dB/cm (RX), electrical BW: 40GHz (NRZ), 60GHz (PAM-4)
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Design and optimization of DWDM links require a statistical link modeling tool to navigate the vast parameter space

• Optimize architecture

• Choose device and circuit parameters and set specifications 

• Gain insight on the design and identify most useful development directions

One such tool proposed

• Time domain responses of rings obtained by inline transient simulation

• Build NxN system step response matrix to capture all intended and crosstalk components

• Statistical combination of all possible data patterns and noise to generate eyes and estimate performance and energy 

Some findings from experiments performed to illustrate the tool’s utility

Conclusion
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