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Abstract—Intra-datacenter optical interconnects face increas-
ing bandwidth demands, particularly driven by Artificial Intelli-
gence (AI) workloads, making efficient channel de-multiplexing
in Silicon Photonics (SiPh) a critical design challenge. This work
compares a Mach-Zehnder Interferometer (MZI) and a Ring-
Assisted MZI (RAMZI) as de-multiplexer architectures for the
CWDM O-band. Both were modeled using the Transfer Matrix
Method (TMM) and optimized via a constrained non-linear
routine minimizing a cost function that balances crosstalk (XT)
and channel wavelength deviation (∆λ). The optimized MZI
achieves a uniform XT of 30.91 dB across all channels, while
the optimized RAMZI delivers a ∼4 nm wider bandwidth with a
flat-top passband at the cost of ∼5 dB in XT. Results highlight a
fundamental tradeoff between spectral selectivity and passband
flatness in SiPh demux design.

Index Terms—Silicon Photonics, Mach-Zehnder Interferome-
ter, Ring Resonator, Crosstalk

I. INTRODUCTION

Intra-datacenter communication represents a critical short-
reach optical transmission scenario with increasing demands.
The growing bandwidth density needs have intensified the
demand for integrated filtering architectures compatible with
SiPh platforms. Efficient channel isolation and low loss are key
design challenges in next-generation datacom transceivers. [1]

This work presents a de-multiplexer and the optimization
of its design parameters. The TMM models this device and
defines the design parameters in SiPh technology.

II. TMM MODEL AND ARCHITECTURE

A de-multiplexer design was modeled in MATLAB (R2025)
using TMM, relating output Y (z) to the interaction between
input X(z) and device H(z); the system Y (z) = H(z)X(z)
is modeled through Transfer Matrices (TMs) and the basic
configuration is shown in Fig. 1. The z term represents unitary
delay, defined from Free Spectral Range (FSR) as z−1 =
e−ΩT , with Ω angular frequency and T = 1/FSR delay. [2]

The system is modeled by a unique TM, which is the result
of cascading multiple BBs with their own TMs. Eqs. 1-4
represent the models for a single MZI with two added rings.

Fig. 1: Representation of BBs corresponding to a 3rd order
filter RAMZI layout with the TMM representation of each
component. Based in the work by Sabri et al (2024) [3].

Removing the rings results in the MZI model, and cascading
multiple Hdelay-HDC results in higher order MZI filters.
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A = 1 + ρz−2, AR = ρ+ z−2 (4)

TABLE I: TM models parameters.

Symbol Parameter Values

c
Amplitude Coupling coefficient

(c =
√
1− kDC) 0− 1

s
Amplitude Transmission coefficient

(s =
√
kDC) 0− 1

kDC DC coupling coefficient (tunable) 0− 1
γDelay Amplitude loss factor (Delay) 0.0 dB
γDC Amplitude loss factor (DC) 0.1 dB
β Propagation constant 2π

neff
λ

L Delay length (tunable) 10.87± 0.22 µm

ρ
RR transmission

amplitude coefficient (ρ =
√
1− kRR) 0− 1

kRR RR Power coupling coefficient (tunable) 0− 0.85



III. PERFORMANCE MEASUREMENT AND DESIGN
OPTIMIZATION

The transfer function of a 1st order MZI has a sinusoidal
response. Higher orders enable a flatter pass-band and reduced
side lobes, increasing its complexity. Simulations of filters
from 1st to 7th order were performed in OptSim (2024.09) with
fixed BB parameters to search for the optimal filter orders.

To evaluate each device performance, four parameters are
defined and obtained for each channel: Channel Center Wave-
length deviation (∆λch = |λmeasured

ch − λITU
ch |), Insertion Loss

(ILch), Bandwidth at 1 dB (BW1dB,ch), and Crosstalk (XTch.)
The MZI parameters, such as DC coupling ratios and delay

lengths, are determined by the TMM, which provides a good
approximation of the best configuration. The Base Delay line
length (Lbase) represents one delay unit (z) and equals L from
Table I. Lbase is described by

Lbase =
λ0

FSR · ngr,0
+ Ld, (5)

where λ0 represents the central wavelength, FSR is twice the
channel separation δλ, ngr,0 is the group index at λ0, and Ld
represents an offset to align the filter period to the channels;
the last term is limited to produce a maximum of half an
FSR shift in the filter period. On the other hand, each nth

DC coupling coefficient knDC can be tuned to achieve better
performance; each one is multiplied by a factor ϵnDC which is
limited to the range of 0.8− 1.2.

The RAMZI RRs parameters are also defined from TMM;
the lengths directly depend on the Lbase defined in Eq. 5 and
their coupling ratios knRR can be fine-tuned as well.

Considering the two most important performance metrics
(∆λch and XTch), a cost function is defined:

fcost = wXT · |maxXT |+ w∆λch
·

4∑
ch=1

|∆λch|, (6)

where wXT and wλch
represent the weights for XT and

∆λch, respectively. The optimal performance was obtained by
minimizing Eq. 6, tuning the free parameters Ld and each knDC,
and for the RAMZI, also the RRs knRR. This cost function
represents a multi-variable constrained non-linear function
with variable weights that depend on ∆λch and XTch. For
the MZI, the free parameters are Ld and each DC ϵnDC for
1st - which separates into even and odd channels - and 2nd -
which separates channels from each couple - stages, totaling
14 parameters. For the RAMZI, the free parameters are Ld,
each DC ϵnDC for the 2nd stage, and the two RRs coupling ratios
knRR, totaling 11 parameters. With the previous conditions,
the fmincon solver was used with interior point algorithm, an
optimality tolerance of 10−6, and a step tolerance of 10−10.

IV. DEVICE PERFORMANCE

As can be seen in Table II, between the MZI and the Opti-
mized MZI, the maximum XT decreased while the minimum
increased, meaning that all channels share a XT=30.91 dB,
instead of some having a lower or higher value. When we
compare it to the Optimized RAMZI, we can see that the

Fig. 2: Performance comparison for the optimized device.

TABLE II: Demux performance without and with tuning DCs.

Parameter MZI Optimized
MZI

Optimized
RAMZI

∆λch (nm) 0-0.45 0-0.42 0.1-0.47
ILch (dB) 2.24-2.27 2.3-2.55 2.47-2.58
BWch (nm) 15-16.5 15.8-17 19-21
XTch (dB) 23.38-40.78 30.91 24.72-25.54

BW increased by 4 nm while the XT worsened by 5 dB.
From Fig. 2. we can see that the RAMZI device has a flat-top
pass-band and a steeper cut-off transition band. Both devices
achieve a low ∆λ and similar values for IL.

V. CONCLUSION

As we can see from the device performance data and the
analysis of a specific filter order and structure - MZI or
RAMZI - the main compromises for this design were found
to be between the number of components and IL against
XT : Adding more stages improves XT at the expense of
the increased number of components and IL. On the other
hand, adding RRs to a single MZI reduces the number of
components and improves XT at the cost of a IL, but with a
simpler structure than higher order MZI filters. A non-linear
cost function (Eq. 6) built using two of the four available
performance parameters allowed for the optimization of a
design with up to 14 parameters, which meant finding the
best design within the current technology limitations and
application requirements.
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