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Quantum Interference in Wilkinson Power Dividers

Osmery Hernández, Angel Ortega-Gomez, Mikel Bravo, and Iñigo Liberal*

Scaling up quantum technologies entails the challenge of developing
large-scale and high-performance photonic quantum networks. Engineering
novel optical components, with a compact footprint and advanced
functionalities, might help addressing this challenge by reducing the size and
complexity of optical networks. Here, quantum interference phenomena in
Wilkinson power dividers (WPDs), a popular element of microwave networks,
is investigated. It is theoretically demonstrated that WPDs grant access to
coherent perfect absorption (CPA) quantum state transformations (single
photon CPA, coherent absorption of N00N states, two-photon nonlinear
absorption, and absorption of coherence in squeezed light) in CPA networks
with a smaller footprint and a reduced number of elements. Additionally, it is
shown how a WPD can be designed in a pure silicon-on-insulator platform by
taking advantage of radiative losses. These findings might represent an
important step forward in the development of CPA quantum networks.

1. Introduction

The development of photonic quantum technologies is leading
to optical networks of increasing size and complexity.[1] Exam-
ples of this current trend are state-of-the-art photonic systems for
multidimensional entanglement generation,[2] quantum infor-
mation processing,[3] quantum computing,[4] and simulation.[5]

However, the realization of large-scale photonic networks poses
significant challenges, which might hinder scaling up quantum
technologies toward practical applications. For this reason, there
is a motivation to rethink optical networks, searching for new
ideas that might simplify the implementation of quantum tech-
nologies. For example, the use of new components with advanced
functionalities in optical networks might lead to simplified ar-
chitechtures with a reduced footprint and/or a smaller number
of elements.
Harnessing absorption has proved to provide optical networks

with new features. In particular, coherent perfect absorption

O. Hernández, A. Ortega-Gomez, M. Bravo, I. Liberal
Department of Electrical, Electronic and Communications Engineering
Institute of Smart Cities (ISC)
Public University of Navarre (UPNA)
Pamplona 31006, Spain
E-mail: inigo.liberal@unavarra.es

The ORCID identification number(s) for the author(s) of this article
can be found under https://doi.org/10.1002/lpor.202200095

© 2022 The Authors. Laser & Photonics Reviews published by Wiley-VCH
GmbH. This is an open access article under the terms of the Creative
Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited.

DOI: 10.1002/lpor.202200095

(CPA), that can be loosely defined as
phase-dependent perfect absorption[6,7]

leverages interference phenomena,
using absorption as a resource, to en-
able a number of photonic applications
such as all-optical data processing[8,9]

and sensing,[10] as well as dynamic
control over photocurrent[11] and
photothermal[12] excitations. Addi-
tionally, CPA allows for generalized
quantum state engineering,[13] where the
set of available transformations is not re-
stricted to unitary processes. Examples of
absorption-assisted quantum state trans-
formations include the anticoalescence
of photons and anti-Hong–Ou–Mandel
effect,[13–16] allowing for the exchange
between bosonic and fermionic statis-
tics, single-photon CPA,[13,17] coherent
control of absorption of N00N states,[18,19]

probabilistic two-photon absorption or nonlinear absorption,[20]

and quantum absorption of coherence in squeezed states.[21]

Several material and technological platforms have been
proposed to investigate CPA, including plasmonic[22,23] and
all-dielectric[24,25] metasurfaces, surface plasmon polariton
devices,[14,18,26] integrated photonic circuits containing plas-
monic elements,[27–29] phase-change materials,[7,30–32] and pho-
tonic doping of epsilon-near-zero (ENZ) media.[33,34] Quantum
CPA experiments[13–19] have been mostly focused around the
concept of lossy beamsplitters[20,35] implemented with different
plasmonic nanosctructures.
Following the motivations of using advanced devices to sim-

plify network architectures and harnessing the benefits of CPA,
in this work, we investigate quantum interference phenom-
ena taking place within a Wilkinson power divider (WPD).[36]

WPDs are popular elements in microwave engineering applica-
tions, known for providing power combining/splitting capabili-
ties, while ensuring impedance matching and isolation between
their input ports.[36] The main contribution of our work con-
sists of demonstrating that, using a WPD, CPA quantum state
transformations can be implemented with a single and compact
device, with a unique output channel and no backward reflec-
tions, allowing for reducing the footprint and number of ele-
ments (additional photon counters, beamsplitters, circulators) of
CPA quantum networks. In addition, we provide the design of
a WPD in a pure silicon-on-insulator (SOI) platform, that is, a
silicon-based design without the need of plasmonic materials.
We believe that our results represent an important step forward
in the implementation of CPA quantum networks. In addition,
we believe that our findings are a great example on how the com-
plexity of quantum optical networks can be reduced with the use
of advanced devices.
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Figure 1. Schematic representation/circuit diagram of a WPD.

2. Classical Mode of Operation of a Wilkinson
Power Divider

We start by revisiting the classical mode of operation of a Wilkin-
son power divider (WPD), specifically in its equal splitting ver-
sion. The schematic representation/circuit diagram of the device
is depicted in Figure 1, and its classical scattering matrix can be
written as[36]

S = 1√
2

⎡⎢⎢⎣
0 1 1
1 0 0
1 0 0

⎤⎥⎥⎦ (1)

We can readily check from the scattering matrix (1) that the
WPD is a reciprocal (Sij = Sji,∀i, j) and lossy (SS† ≠ I) three-port
device, which has all its ports matched (Sii = 0,∀i). Additionally,
the device provides isolation between ports 2 and 3 (S23 = S32 =
0). Moreover, the classical mode of operation of a WPD can be
best appreciated by performing a singular value decomposition
(SVD) of its scattering matrix,[37–39] leading to the factorization

S = U𝚺SV
† (2)

with

U = 1√
2

⎡⎢⎢⎣
√
2 0 0
0 1 −1
0 1 1

⎤⎥⎥⎦ 𝚺S =
⎡⎢⎢⎣
1 0 0
0 1 0
0 0 0

⎤⎥⎥⎦
V = 1√

2

⎡⎢⎢⎣
0

√
2 0

1 0 −1
1 0 1

⎤⎥⎥⎦ (3)

Note that U and V are unitary matrices (i.e., UU† = I, VV† =
I), and therefore their columns (and rows) conform an orthonor-
mal basis of ℂN . From this perspective, the SVD can be visual-
ized as a one-to-one mapping between vectors of two different
orthonormal basis of ℂN , that is, V → U. This mapping is scaled
by a real and positive factor that corresponds to the diagonal en-
tries of 𝚺S. Therefore, by comparing each column ofU with their
corresponding column inV , the SVD decomposition provides an
intuitive visualization of the classical response of a device.
For the particular case of a WPD, the SVD identifies three

modes of operation: i) The mapping between the first columns

of V and U shows that the symmetrical excitation of the second
and third ports leads to the combination of all the power into the
first port, that is, the device can operate as a lossless power com-
biner. ii) The mapping between the second columns of V and U
shows that the excitation from the first port results in an equal di-
vision of the input power into ports 2 and 3, that is, the device can
operate as a lossless power divider. iii) The mapping between the
third columns of V andU shows that the out-of-phase excitation
of ports 2 and 3 leads to the total absorption of the input power.
Since such perfect absorption critically depends on the phase dif-
ference between the signals at ports 2 and 3, it can be concluded
that the device also operates as a coherent perfect absorber (CPA).

3. Quantum Input–Output Relations for a
Wilkinson Power Divider

Having revisited the classical mode of operation of a Wilkinson
power divider from the perspective of the SVD, we next move
to address quantum interference phenomena in such device.
To this end, we must first identify the quantum input–ouput
relations.[40–43] For a lossless device, the quantum input–output
relations are defined by the classical scattering matrix, b̂ = Sâ,
where â = [â1,… , âN ]

T and b̂ = [b̂1,… , b̂N ]
T are column vectors

that contain bosonic operators describing the input and output
photonic modes, respectively. However, for a lossy device, the
input–ouput relations need to be generalized in order to keep
track of the excitations absorbed by the device[40–43][
b̂
ĝ

]
= 𝜦

[
â
f̂

]
(4)

where f̂ = [f̂1,… , f̂N ]
T and ĝ = [ĝ1,… , ĝN ]

T are column vectors
that contain bosonic operators describing the input and output
excitations within the device. These operators obey bosonic com-
mutation relations, [f̂m, f̂

†
n ] = [ĝm, ĝ

†
n ] = 𝛿mn, [f̂m, f̂n] = [ĝm, ĝn] = 0,

and effectively represent the internal excitations within the
device.[40,41] 𝜦 is an extended scatteringmatrix characterizing the
quantum input–output relations for a lossy device. The extended
scattering matrix 𝜦 can be compactly written as follows[42]

𝜦 =
[
S A
−A S

]
(5)
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Figure 2. Sketch of interference-assisted absorption phenomena in a WPD excited with nonclassical light states. Representations include phenomena
of interest in the few-photon and multiple-photon regimes.

where the “absorption” matrix A has been defined to be factor-
ized by the same unitary matrices that the scattering matrix,
A = U𝚺AV

†, but with singular values given by 𝚺A = (I − 𝚺S)
1∕2.

For the scattering matrix of a Wilkinson power divider, given by
Equation (1), the “absorption” matrix is specifically given by

A = 1
2

⎡⎢⎢⎣
0 0 0
0 1 −1
0 −1 1

⎤⎥⎥⎦ (6)

Next, the extended scatteringmatrix𝜦 of the device is obtained
by introducing Equation (6) into Equation (5). From Equation (5)
and considering the unitary property of 𝜦, we can obtain the in-
verse replacement rules for the creation operators in a WPD

â†1 →
1√
2

(
b̂†2 + b̂†3

)
(7)

â†2 →
1√
2
b̂†1 −

1√
2
ĝ†− (8)

â†3 →
1√
2
b̂†1 +

1√
2
ĝ†− (9)

where we have defined the superposition operator ĝ†− = (ĝ†2 −
ĝ†3 )∕

√
2. As we will exemplify in the next section, the knowl-

edge of these inverse input–output relations enables the analy-
sis of arbitrary quantum interference effects. In particular, one

starts with an input state defined by a function of creation op-
erators of the input optical modes: |𝜓in⟩ = Fin(â

†
1, â

†
2, â

†
3)|0⟩, and,

then, the output state is found by replacing the creation opera-
tors by using the inverse input–output relations (7)–(9), |𝜓out⟩ =
Fout(b̂

†
1, b̂

†
2, b̂

†
3, ĝ

†
1 , ĝ

†
2 , ĝ

†
3 )|0⟩.

4. Quantum Interference in a Wilkinson Power
Divider

Once the quantum input–ouput relations of a WPD have been
established, it is possible to evaluate different quantum interfer-
ence phenomena taking place in a WPD. Due to the interest of
CPA for quantum state engineering,[13–23] we will focus on con-
figurations in which ports 2 and 3 act as input ports, while port
1 is the output port. As we will show, a WPD is capable of repro-
ducing quantum state transformations based on CPA in a single
and compact device, as well as using a single output port. There-
fore, it can implement all CPA quantum state transformations
with a smaller footprint on the quantum network, as well as with
a reduced number of components. Figure 2 schematically depicts
and summarizes our findings, which are the basic quantum in-
terference processes taking place in a WPD, which we address in
detail in the following subsections.

4.1. Single-Photon CPA

Let us start by analyzing the excitation of a WPD with a single-
photon superposition state impinging on ports 2 and 3 with a

Laser Photonics Rev. 2022, 16, 2200095 2200095 (3 of 10) © 2022 The Authors. Laser & Photonics Reviews published by Wiley-VCH GmbH
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phaseshift 𝜑 between the arms. In other words, the input state is
given by

||Ψin⟩ = 1√
2

(
â†2 + ei𝜑â†3

) |0 ⟩ (10)

Next, the output state is determined by applying the inverse
input–output relations (7)–(9) into the input state (10), leading to

||Ψout ⟩ = 1
2
b̂†1

(
1 + ei𝜑

)
− 1
2
ĝ†−

(
1 − ei𝜑

) |0 ⟩ (11)

It is clear from Equation (11) that the output state can be ma-
nipulated by changing the relative phase 𝜑 between the arms.
Varying the relative phase 𝜑 allows for a coherent control of the
output state, which results in output states ranging from perfect
transparency to perfect absorption. Specifically, given no phase
difference between input beams, that is, 𝜑 = 0, occurs a perfect
transmission of the input photon through output port 1, that is,|𝛹out⟩ = b̂†1|0⟩. Furthermore, the input photon will always be ab-
sorbed, that is, |𝛹out⟩ = −ĝ†−|0⟩, for a phase difference 𝜑 = ±n𝜋,
leading to the coherent perfect absorption of the input state.
Single-photon CPA has been experimentally demonstrated

by using a lossy beamsplitter as the absorption element.[22,23]

In addition, the setups are complemented either by using
circulators[22] or lossless beamsplitters forming an stationary
wave,[23] as well as two photon counters. A WPD poses several
technological advantages. First, a WPD enables the same func-
tionality with a reduced footprint. All interference and photon
routing processes take place in a compact device, and there is no
need for additional elements such as circulators and/or lossless
beamsplitters. Moreover, the isolation properties of the WPD en-
sure that there is no reflection back into ports 2 and 3, so that
there are no detrimental effects associated with unwanted pho-
tons recirculating into the network. Finally, since the output pho-
tons are routed to the same output port, only one detector would
be needed to perform the experiment. Therefore, implementing
single-photon CPA in aWPD is a good example of how advanced
devices enable the simplification of quantum networks.

4.2. Two-Photon Nonlinear Absorption

Another intriguing effect that we can access in aWPDarises from
the simultaneous excitation of the ports 2 and 3 of the device with
single-photon states, that is

||Ψin ⟩ = â†2â
†
3 |0 ⟩ (12)

The corresponding output state

||Ψout ⟩ = 1
2

(
b̂†21 − ĝ†2−

) |0 ⟩ (13)

reveals the occurrence of a nonlinear absorption event, where
both photons either bunch together through output port 1, or
both are absorbed within the device. As it can be noted from the
output state, both events occur with equal probability. In other
words, a probabilistic absorption of the two photons takes place.
The process is nonlinear in the sense that if one of the photons

is absorbed, so will the other. Therefore, there is no possibility
that exactly one photon survives, as their associated probability
amplitudes interfere destructively. Nonlinear two-photon absorp-
tion was first theoretically predicted for a lossy beamsplitter.[20]

To the best of our knowledge, it has not been experimentally
demonstrated yet. However, experimental studies on related pho-
ton statistics of two-photon interference in setups containing a
lossy beamsplitter have been carried out.[14,15] Again, the use of
a WPD would simplify the device, facilitating the experimental
demonstration of two-photon nonlinear absorption.

4.3. Coherent Absorption of N00N States

A related coherent absorption effect takes place when a WPD is
excited by aN00N state, that is, a superposition state ofN photons
impinging on either port 2 or port 3, with a phaseshift 𝜑 between
the arms. In particular, the input state for a two-photon N = 2
N00N state can be written as follows

||Ψin ⟩ = 1
2

(
â†22 + ei2𝜑â†23

) |0 ⟩ (14)

It is clear from Equation (14) that the phaseshift between the
arms 𝜑 is enlarged to N𝜑 on the N00N state, a feature that can
be exploited for sensing with enhanced resolution.[44] By using
the inverse relations (8)–(9), we find that the output state can be
written as follows

||Ψout ⟩ = 1
4

[
b̂†21

(
1 + ei2𝜑

)
+ ĝ†2−

(
1 + ei2𝜑

)
− 2b̂†1ĝ

†
−

(
1 − ei2𝜑

)] |0 ⟩
(15)

The output state in Equation (15) describes a superposition
state where we might get three different outcomes: i) both pho-
tons being transmitted, ii) both photons being absorbed, or iii)
one-photon survival and one-photon absorption. Additionally, the
phase shift 𝜑 provides a degree of freedom in the engineering
of the probability amplitudes of each outcome in Equation (15).
In this way, a relative phase 𝜑 = 0 leads to the output state:|𝛹out⟩ = 1

2
(b̂†21 + ĝ†2− )|0⟩, that is, probabilistic two-photon nonlin-

ear absorption, as discussed in the previous section. On the other
hand, a relative phase 𝜑 = ±(2n + 1) 𝜋

2
leads to the determinis-

tic absorption of exactly one photon, that is, |𝛹out⟩ = −b̂†1ĝ
†
−|0⟩.

Regimes of total transmission or total absorption of the input
photons are forbidden for a N00N state. Therefore, by chang-
ing the phase between the input arms it is possible to switch
between probabilistic two-photon nonlinear absorption to deter-
ministic single photon absorption. Similar effects have been the-
oretically predicted[35] and experimentally demonstrated[17,18] for
setups based on lossy beamsplitters. Again, we find that quantum
coherent absorption functionalities can be implemented with a
simplified network.

4.4. Quantum Absorption/Manipulation of Coherence in
Squeezed States

It is also worthwhile to assess the interaction of nonclassical light
states with aWPD beyond the few-photon regime. An example of
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Figure 3. a) FDTD Lumerical 3D model of the designed WPD. b) Additional details of the geometry. c,d) Representation of the absolute value (top
panel) and phase (bottom panel) of the scattering matrix of c) the designed WPD, and d) the ideal WPD. A global phase factor of exp(−i1.4532) has
been applied to the scattering matrix of the designed WPD.

particular relevance for quantum sensing and quantum metrol-
ogy is that of squeezed coherent states, which enable the reduc-
tion of statistical noise on one quadrature component at the ex-
pense of increasing it on the conjugate quadrature.[44,45]

We start by studying the case of single-mode squeezed coher-
ent states in both inputs arms of the WPD, so that the input state
is given by

||Ψin ⟩ = Ŝ2
(
𝜉2
)
D̂2

(
𝛼2
)
Ŝ3

(
𝜉3
)
D̂3

(
𝛼3
) |0 ⟩ (16)

where we have defined the displacement operator D̂n(𝛼n) =
exp(𝛼nâ

†
n − 𝛼

∗
nân) corresponding to the coherent part, the quan-

tum description of a classical field with complex magnitude 𝛼n,
with an average number of photons |𝛼n|2.[46] We have also intro-
duced the squeezing operator Ŝn(𝜉n) = exp 1

2
(𝜉∗n â

2
n − 𝜉nâ

†2
n ) with

squeezing parameter 𝜉n.
Since the input photonic operators commute, we can group

together the displacement and squeezing operators in Equation
(16) and apply the inverse input–output relations. In this man-
ner, the squeezed and coherent parts of the input state can be
separately controlled. On the one hand, the coherent part follows
the behavior of classical waves. On the other hand, the squeezed
part reduces to a nontrivial combination of single- and two-mode
squeezed states. However, for the particular case of input states

Laser Photonics Rev. 2022, 16, 2200095 2200095 (5 of 10) © 2022 The Authors. Laser & Photonics Reviews published by Wiley-VCH GmbH
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with equal squeezing parameters 𝜉2 = 𝜉3 = 𝜉, we can rearrange
the results into displacement and squeezing operators for output
photonic and device modes to obtain the following output state

||Ψout ⟩ = Ŝ1 (𝜉) D̂1

(
𝛼2 + 𝛼3√

2

)
Ŝ− (𝜉) D̂−

(
𝛼3 − 𝛼2√

2

)|0 ⟩ (17)

From Equation (17), we can conclude that the output state con-
sists of a single-mode squeezed coherent state in both the out-
put photonic and absorption channels. Moreover, the squeezing
parameter of both the output photonic and absorption channels
remains the same as that in the input states. By contrast, the co-
herent parts scale differently. In particular, the output photonic
part scales as (𝛼2 + 𝛼3)∕

√
2 while the absorption part scales as

(𝛼3 − 𝛼2)∕
√
2. Therefore, a lossless power combiner is obtained

for in-phase signals 𝛼2 = 𝛼3 (see Figure 2, right top panel), while
out- of- phase signals 𝛼2 = −𝛼3 lead to coherent perfect absorp-
tion (see Figure 2, right bottom panel). We can then identify two
extreme cases on the excitation of theWPDwith squeezed states.
The excitation with states where the squeezing parameters are
equal but the coherent factors are in phase opposition, that is,
𝜉2 = 𝜉3 = 𝜉 and 𝛼2 = −𝛼3 = 𝛼, leads to absorption of the coher-
ent part of the incident beams, and the output photonic state is
a squeezed vacuum state: |Ψout⟩ = Ŝ1(𝜉)Ŝ−(𝜉)D̂−(−

√
2𝛼)|0⟩. On

the other hand, the symmetrical excitation of the device, that is,
𝜉2 = 𝜉3 = 𝜉 and 𝛼2 = 𝛼3 = 𝛼, leads to a squeezed coherent state
with strengthened coherent part: |Ψout⟩ = Ŝ1(𝜉)D̂1(

√
2𝛼)Ŝ−(𝜉)|0⟩.

In this manner, it is possible to deterministically control the co-
herent part of a squeezed coherent state, while maintaining its
squeezing properties.
Quantum absorption of coherence in squeezed states

was previously theoretically studied in the context of lossy
beamsplitters,[21] though to the best of our knowledge it has not
been experimentally demonstrated yet. Our results demonstrate
that the same functionality can be obtained with a device with
a reduced footprint, isolation ensuring that no photons are
reflected backward, and a single output channel, which might
facilitate the experimental verification of this effect.
In addition, the WPD suggests a further extension on the the-

ory of quantum control of coherence of squeezed states. Specifi-
cally, the topology of a WPD is particularly well suited for its exci-
tation with a two-mode squeezed state, in which either the ampli-
tude difference or the phase-sum quadratures are squeezed.[45,47]

The input state of the system for a two-mode squeezed coherent
state is given by

||Ψin ⟩ = Ŝ2,3 (𝜉) D̂2

(
𝛼2
)
D̂3

(
𝛼3
) |0 ⟩ (18)

where Ŝ2,3 = exp(𝜉∗â2â3 − 𝜉â
†
2â

†
3) is the two-mode squeezing op-

erator. The associated output state can be written as follows:

||Ψout ⟩ = Ŝ1 (𝜉) D̂1

(
𝛼2 + 𝛼3√

2

)
Ŝ− (−𝜉) D̂−

(
𝛼3 − 𝛼2√

2

)|0 ⟩ (19)

It can be concluded from Equation (19) that the output pho-
tonic state is a single-mode squeezed coherent state with squeez-
ing parameter 𝜉, and controlled coherent part (𝛼2 + 𝛼3)∕

√
2. In

Table 1. Design parameters of the WPD.

Parameter Value [μm] Parameter Value [μm]

a 4.1 w6 1.6

b 16.23 w7 1.6

wg 0.6 w8 1.46

w1 1.4 w9 1.1

w2 1.4 w10 0.9

w3 1.51 w11 0.8

w4 1.6 w12 0.6

w5 1.6 w13 0.6

this manner, a WPD empowers two simultaneous operations:
i) transforming a two-mode squeezed state into a single-mode
squeezed state, and ii) at the same time deterministically con-
trolling its coherent part. Moreover, the WPD guarantees that
there will be no backreflection independently of the choice of
the parameters of the coherent and incoherent parts of the state,
𝛼2, 𝛼3, 𝜉. Again, we find that the WPD enables the implementa-
tion of multiple operations in a reduced footprint, while provid-
ing a network topology protected against backreflections.

5. Integrated Photonics Wilkinson Power Divider

Wilkinson power dividers (WPD) are a popular element for clas-
sical microwave engineering applications.[36] However, its appli-
cation for quantum technologies is far less explored. Due to the
similarities in the technology, the implementation of a WPD
in quantum optical systems based on superconducting circuits
should be straightforward. However, the implementation of a
WPD at optical frequencies requires from additional develop-
ment. In this section, we provide with the design of a silicon pho-
tonics WPD, demonstrating that the quantum state transforma-
tions proposed above can be implemented in standard integrated
photonic circuits.
As schematically depicted in Figure 1a, a WPD basically con-

sists of the junction of two tranmission lines, also interconnected
with a shunt resistor. From this perspective, it appears that the
most direct route toward implementing an integrated photonics
WPD would be to start with one of the many Y-branches devel-
oped in silicon photonics, and to add a metallic nanoparticle or
a 2D material, effectively acting as a resistance. Unfortunately,
the use of exoticmaterials adds additional nanofabrications steps,
and it might prevent the fabrication by large-scale semiconductor
nanofacturers. Scaling up the complex optical networks in which
photonic quantum technologies are based requires from the use
of more standard silicon platforms. In the following, we show
that a WPD in a pure silicon-on-insulator (SOI) platform can be
developed by harnessing radiative losses.
Essentially, SOI Y-branches consist of the junction of waveg-

uides, where the geometry of the intersection is designed to im-
prove the performance in terms of insertion loss, bandwidth and
footprint.[48–50] Following ref. [48], we numerically designed a ta-
pered geometry so that the device effectively acts as a WPD when
operating with the first higher-order TM eigenmode. As shown
in Figure 3a, the device consists of a Y-branch splitter imple-

Laser Photonics Rev. 2022, 16, 2200095 2200095 (6 of 10) © 2022 The Authors. Laser & Photonics Reviews published by Wiley-VCH GmbH
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Figure 4. Absolute value of the E-field in the middle plane of the device at 𝜆 = 1.55 μm for the designedWPD considering a) in-phase excitations through
ports 2 and 3 (operation as a power combiner), b) excitation through port 1 (operation as a power divider), and c) out-of-phase excitation through ports
2 and 3 (operation as a CPA).

Laser Photonics Rev. 2022, 16, 2200095 2200095 (7 of 10) © 2022 The Authors. Laser & Photonics Reviews published by Wiley-VCH GmbH

 18638899, 2022, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/lpor.202200095 by U

niversidad Publica D
e N

avarra, W
iley O

nline L
ibrary on [28/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.advancedsciencenews.com
http://www.lpr-journal.org


www.advancedsciencenews.com www.lpr-journal.org

Figure 5. Absolute value of the E-field in the middle plane of the device at 𝜆 = 1.55 μm in the designed WPD for individual excitation of a) port 2 and b)
port 3.

mented in a standard SOI platform, that is, a 220nm-thick sili-
con Y-branch, embedded in SiO2 insulator. Each splitter branch
consists of 600 nm wide × 220 nm high waveguides, connected
by a 3-μm-length taper of 0.6 μm width at the input and 1.2 μm
at the output. The taper geometry is constructed by specifying a
set of taper widths {wn} along its length, and their subsequent
interpolation to conform a smooth curve (see Figure 3b). Table 1
summarizes the exact values of the design parameters.
Next, we discuss the performance of the device as predicted

by FDTD numerical simulations.[51] Figure 3c depicts the abso-
lute value and phase of the scattering matrix of the simulated
WPD, at the operating wavelength of 1.55 μm. Comparison with
the scattering matrix of the ideal WPD in Figure 3d confirms an
excellent agreement between the designed and the ideal device.
We note that there is an apparent deviation between their phases.
However, such phase deviations correspond to scattering param-
eters with a near-zero absolute value, thus having no impact on
the device operation.
The analysis of the electric field distribution in the simulated

WPDprovides additional physical insight and illustrates the oper-
ation principle of the WPD as predicted by the SVD of S in Equa-

tion (4). In particular, Figure 4 depicts the operation of the device
as i) a power combiner when excited in-phase through ports 2 and
3, ii) a power divider when excited through port 1, and iii) a co-
herent perfect absorber (CPA) for out-of-phase excitation through
ports 2 and 3, leading to the radiation of all the power outside the
device. Additionally, Figure 5 confirms the existence of isolation
between the output ports 2 and 3, by showing the field distribu-
tions when individually excited in ports 2 and 3. The asymmet-
ric excitation of the WPD leads to i) the coupling of energy to a
radiation mode and ii) successive field reflections along the out-
put waveguide before stabilizing in the expected guided mode,
as captured by the oscillations of the electric field in the output
port 1.
In summary, we have shown that it is possible to take advan-

tage of radiative losses to obtain the functionalities of a WPD
within a pure silicon photonics platform. While the design of the
device could be further optimized for a better performance, or
to be adapted for a specific system, our results confirm that all
CPA quantum state transformations can be implemented with a
single device with reduced footprint and complexity, while being
fully compatible with a SOI platform.

Laser Photonics Rev. 2022, 16, 2200095 2200095 (8 of 10) © 2022 The Authors. Laser & Photonics Reviews published by Wiley-VCH GmbH
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6. Conclusions

Our results have reported the quantum interference effects tak-
ing place in a Wilkinson power divider (WPD). To this end, we
have revisited the classical mode of operation of a WPD by using
an SVD decomposition of its scattering matrix, which highlights
its classical operation as a power combiner, a power divider, and
a CPA. The SVD also expedites the calculation of the quantum
input–output relations and quantum interference processes in a
WPD. We have demonstrated that a WPD grants access to CPA-
based quantum state transformations. Specifically, we found that
we can obtain single-photon CPA, two-photon nonlinear absorp-
tion, coherent absorption of N00N states, and quantum absorp-
tion of coherence in squeezed states. By contrast with previous
implementations based on lossy beamsplitters, our results reveal
that the same functionalities can be implemented on a compact
device with a single output channel and no backward reflections.
In turn, the use of a WPD reduces the complexity and number
of elements of the CPA network. We have also shown through
numerical FDTD simulations that we can implement a WPD
on an SOI platform by taking advantage of radiative losses. We
believe that our findings might help to experimentally demon-
strate several CPA quantum interference effects that have only
been theoretically reported. In general, we believe that our results
are a good example on how optical components with advanced
functionalities might contribute to the advancement of photonic
quantum networks.
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