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We propose and demonstrate a reconfigurable 4 x 4 multi-
input multi-output (MIMO) all-optical unitary converter
(OUC) based on non-uniform multimode interference
(mMMI-OUC) on a lithium-niobate-on-insulator (LNOI)
platform, which has the advantages of broadband opera-
tion, compactness, low loss, and fabrication-friendliness. To
enhance the bandwidth, compact non-uniform multimode
interference is utilized to replace uniform multimode inter-
ference, achieving the same cross talk and larger bandwidth.
Compared with OUC based on uniform multimode interfer-
ence (uMMI-OUC), the couplers using nMMI-OUC are only
half length. The experimental results show that the recon-
figurable four mode demultiplexing have been realized with
wavelength-dependent loss of less than 3 dB and cross talk of
less than —17.3 dB over 100 nm (from 1520 nm to 1620 nm)
wavelength range and ~0.21 dB/coupler at 1550 nm wave-
length for nMMI-OUC. © 2025 Optica Publishing Group. All
rights, including for text and data mining (TDM), Artificial Intelligence
(Al) training, and similar technologies, are reserved.

https://doi.org/10.1364/0L.546350

The N x N multi-input multi-output (MIMO) all-optical unitary
converter (OUC) is capable of performing the N X N unitary
transformations on optical signals, enabling the parallel con-
version of N mutually orthogonal input optical signals into
an arbitrary set of N mutually orthogonal output optical sig-
nals without loss. N X N OUC can achieve demultiplexing of
N modes, making it a key component for mode-division multi-
plexing, which is a crucial technology to increase the capacity
beyond 100 Tbps [1]. Due to its capability of performing effi-
cient linear transformations, achieving lossless multiplexing and
demultiplexing, and handling complex signal processing, OUC
has been widely applied in various fields such as optical commu-
nication, quantum information processing, and photonic neural
networks.

The integrated reconfigurable OUC has been demonstrated on
indium phosphide (InP) [2], silicon nitride (SiN) [3], and silicon-
on-insulator (SOI) platforms [4-6], utilizing cascaded 2 X2
Mach—Zehnder interference (MZI) based on Reck’s scheme or
its variation. However, the existing MZI-based OUC has sev-
eral challenges: First, the path-dependent loss due to unequal

0146-9592/25/030952-04 Journal © 2025 Optica Publishing Group

number of MZI increases as the chip scales up, resulting in
deviations from being a truly unitary transformation matrix
of MZI-based OUC. Second, perfect 50:50 beam splitters are
required because MZI is sensitive to fabrication inaccuracies.
An alternative approach to realizing OUC is based on multi-
plane light conversion (MPLC), which has been demonstrated
on SOI [7,8] and InP platforms [9,10]. For MPLC-based OUC, it
exhibits excellent robustness and high tolerance for manufactur-
ing variations [11] but is limited by narrow bandwidth (usually
smaller than 20 nm) and high insertion loss.

In this Letter, leveraging broad optical transparency win-
dow and low transmission loss of a lithium-niobate-on-insulator
(LNOJ) platform [12], we propose and demonstrate a broadband
low-loss compact 4 x 4 MIMO all-optical OUC based on MPLC
using cascaded 4 x 4 multimode interference (MMI) couplers
separated by phase-shifter arrays. This approach addresses the
aforementioned limitations of existing OUC and expands the
application range of OUC. The selection of the MMI coupler is
attributed to its fabrication robustness and broad bandwidth. By
calibrating the thermo-optic phase shifters (PSs) with an opti-
mization algorithm, we demonstrate the 4 x 4 MIMO all-optical
OUC based on uniform-multimode interference (uMMI-OUC)
that achieves reconfigurable four modes demultiplexing simul-
taneously at the output ports with a 3dB bandwidth of over
46 nm (1536 nm to 1582 nm) and signal cross talk of less than
—14.4dB. We further optimize the couplers utilized in the
uMMI-OUC by employing half-length non-uniform multimode
interference (nMMI) couplers to replace uniform multimode
interference (uMMI) couplers. This modification maintains the
original low-level signal cross talk while enhancing the 3 dB
bandwidth and reducing both the excess loss and footprint of
the OUC. Ultimately, we experimentally demonstrate the broad-
band, low-loss, and compact 4 x 4 MIMO all-optical OUC based
on non-uniform multimode interference (nMMI-OUC) with a
3 dB bandwidth over 100 nm and signal cross talk of less than
-17.3dB.

The schematic structure of the N x N MIMO all-optical OUC
is depicted in Fig. 1(a), which comprises a cascade of MMI
couplers and phase-shifter arrays. The distorted signals caused
by coupling are effectively retrieved after passing through the
OUC. The transfer matrix of N x N OUC, denoted as Toyc,
describes the coupling of the signals’ electric field from the
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