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Receiver protectors (RPs) shield sensitive electronics from high-power incoming signals that might
damage them. Typical RP schemes range from simple fusing and PIN diodes to superconducting circuits
and plasma cells—each having a variety of drawbacks ranging from unacceptable system downtime and
self-destruction to significant insertion losses and power consumption. Here, we theoretically propose and
experimentally demonstrate a unique self-shielding RP based on a coupled-resonator microwave waveg-
uide, with a topological defect being inductively coupled to a diode. This RP utilizes a charge-conjugation-
(C) symmetric resonant-defect mode that is robust against disorder and demonstrates high transmittance
at low incident powers. When the incident power exceeds a critical value, a self-induced resonant trap-
ping effect occurs, leading to a dramatic suppression of transmittance and a simultaneous increase of
the reflectance close to unity. The proposed RP device is self-protected from overheating and electri-
cal breakdown and can be utilized in radars, reflection altimeters, and a broad range of communication
systems.
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I. INTRODUCTION

The Internet of Things, where everyday devices and
objects communicate with each other via electromag-
netic waves, is an incipient revolution that will dramat-
ically affect future generations. The envisaged intimate
exchange of information between autonomous vehicles,
drones, remotely controlled robots, and “smart homes”
builds on stunning technological developments in control-
ling electromagnetic signals with unprecedented precision.
At the heart of the present endeavors are 5G technologies
targeting digital cellular networks [1]. The communication
within such a network can be either direct or based on a
server. In both cases, each device needs to have a commu-
nication channel, i.e., an antenna that acts as a transceiver
[1] (an automated transmitter and receiver) for electromag-
netic waves. These combined schemes require not only
an efficient signal reception but must also be equipped
with a circuit component that will protect their sensi-
tive electronics from undesirable (deliberate or accidental)
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high-power incident radiation that is threatening to dam-
age them. These receiver protector (RP) schemes should
be efficient, cheap, and once the threat from the damaging
radiation is surpassed they must restore the transceiver to
full functionality as fast as possible without any external
interaction.

Currently, RPs are already indispensable elements of
various microwave systems, such as radars, reflection
altimeters, and communication systems, containing the
sensitive electronic components which are susceptible to
damage from high-power microwave energy [2–4]. The
latter can couple into these systems through intended sig-
nal paths (such as antennas or sensors) or unintended
entry points (such as enclosure slots and wire harnesses).
In other occasions, such as in simultaneous-transmit-and-
receive (STAR) radar systems [1], the threatening high-
power microwave signals may be the reflected remnants
of their own radar transmitter output. These signals are
usually on the order of kilowatts to megawatts of peak
power—far too much to survive for any electronic sys-
tem at the receiver end [see Fig. 1(a)]. Typical RPs are
located between the antenna and the sensitive rf compo-
nents and are often composed of multiple stages to meet
protection specifications [2,4,5]. In these configurations, a
diode limiter [4] is used at the final stage of protection. A
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FIG. 1. The proposed implementation of a RP based on self-
induced spontaneous C-symmetry violation of a topological
defect state. (a) An application in a radar setup. (b) The RP, con-
sisting of 17 dielectric resonators with complex eigenfrequencies
νn = 6.885 GHz + i1.7 MHz structured by four dimers to the
left, the central defect, and four dimers to the right. The incom-
ing signal is injected via the left antenna with a power Pin and
transmitted via the right antenna. The central resonator is weakly
coupled to both sides and has a diode positioned on top of it using
a Teflon spacer of 1-mm height [see photograph in (c)]. (c) The
reflection spectra R = |S11|2 for an isolated resonator inductively
coupled to a diode for increasing input power Pin ranging from
−30 (blue) to 4.5 dBm (red) in steps of 2.5 dBm. The black arrow
indicates the direction of increasing power. For small powers, a
decrease of the resonance height due to an increase of the reso-
nance width is observed, whereas for higher powers an additional
frequency shift is seen as well. To obtain these spectra, a single
antenna is weakly coupled to the system (tL = 16.5 MHz).

serious drawback of this scheme is the significant inser-
tion loss; specifically, if multiple diode stages are utilized.
Another commonly used RP scheme involves gas tubes
contained in a piece of the transmission waveguide [6,7].
The limiting action occurs due to the breakdown of the gas
at high powers into a low-impedance plasma. Such RPs
have a limited operational lifetime due to direct contact
with the plasma, which erodes the electrodes and con-
taminates or entraps the fill gas [6]. For completeness,
we also mention superconducting-based RP technologies
[8–11], which, however, require a high power consumption
in order to keep the superconducting circuit at low temper-
atures. To summarize, the new generation of RPs should:
(a) maintain low insertion losses for low incident powers,

(b) develop abrupt limiting action at the required limiting-
threshold (LT) powers and, crucially, (c) also protect the
RP itself from self-destruction due to overheating or elec-
trical breakdown. Ideally, one also wants to control the LT
externally. The input power (or fluence threshold) above
which the RP is destroyed is known as the damage thresh-
old (DT). The ratio of the DT to the LT defines the dynamic
range of the limiter and constitutes a figure of merit of the
RP performance. This reconfigurability is extremely use-
ful in the case of multifunction rf system applications that
allow many users to share the same antenna.

In this paper, we utilize concepts from topological pho-
tonics in order to demonstrate a self-shielding microwave
RP consisting of a one-dimensional array of resonators
coupled to a diode. This structure simultaneously satis-
fies many of the above constraints via a unique protection
mechanism. Topological photonics [12] aims to implement
ideas coming from the concept of a topological insula-
tor [13,14], originating in the field of electronic transport
in condensed matter. This approach allows us to target
devices with special functionalities via specific designs of
photonic circuits. In this endeavor, the implementation of
symmetries in the circuits has proven extremely useful.
One particular achievement in these efforts is the realiza-
tion of symmetry-protected topological defect modes that
are resilient to fabrication or environment-induced imper-
fections [15–20] and their implementation in applications
such as topological defect-mode lasers [21–23]. In this
paper, we utilize a nonlinearly functionalized topologi-
cal mode as a RP communication gateway that efficiently
decouples at the LT, thereby reflecting harmful signals
while safeguarding both the downstream components and
the RP elements themselves.

II. PRINCIPLE OF OPERATION OF THE
RECEIVER PROTECTOR

The basic idea of the proposed RP is as follows. For
low incident powers, the RP shows a high peak reso-
nant transmission associated with a topologically induced
resonant-defect mode, based on a charge-conjugation (C)
symmetry as detailed further below. When the power of
the incident signal exceeds a critical value, the nonlinear
losses of the diode are activated. Then, the resonant mode
experiences a self-induced transition from an underdamp-
ing to an overdamping regime, leading to a destruction of
the resonant-defect mode and a subsequent abrupt suppres-
sion of the transmittance. At the same time, the reflectance
acquires high (near-unity) values. Consequently, the sensi-
tive diode is protected from self-destruction due to heating
via the absorption of the incident energy, which is now
reflected back to a dumper channel. At the same time,
the destruction of the resonant-defect mode at high inci-
dent powers also ensures the protection of the diode from
electrical breakdown. Note that the diode by itself can

034067-2



SELF-SHIELDED TOPOLOGICAL RECEIVER PROTECTORS PHYS. REV. APPLIED 13, 034067 (2020)

be used as a RP, as in conventional setups. Its imple-
mentation, however, as a component of the C-symmetric
photonic circuit [15,16] leads to a prominently enhanced
dynamic range. We demonstrate this point by comparing
the performance of the stand-alone diode with that demon-
strated by our photonic circuit. Further insight into the
RP is gained by a theoretical modeling of its transport
characteristics. The analysis also allows us to identify the
upper limits of the RP performance, which are associated
with the bulk absorption and the couplings between the
photonic circuit and the antennas.

III. THE RECEIVER PROTECTOR AND ITS
COMPONENTS

An immediate application of our design is associated
with radar STAR systems [see Fig. 1(a)]. The RP con-
sists of a bipartite coupled resonator microwave waveg-
uide (CRMW) array with a nonlinear lossy defect [see
Fig. 1(b)]. The lattice is implemented using an array
of N = 17 high-index cylindrical resonators [radius r =
4 mm, height h = 5 mm, made of ceramics (ZrSnTiO) with
an index of refraction nr ≈ 6] with a resonance frequency
around ν0 ≈ 6.885 GHz and a line width γ ≈ 1.7 MHz.
The resonators are placed at alternating distances d1 =
12 mm and d2 = 14 mm corresponding to strong (t1) and
weak (t2) evanescent couplings, respectively. The leftmost
and rightmost resonators are connected to kink antennas
[see Fig. 1(b)], which are curled around the resonators to
guarantee strong coupling to the electric field in the x-y
plane. The structure is shielded from above by a metallic
plate (not shown). A topological defect is introduced by
repeating the spacing d2 (weak coupling) around the ninth
resonator (nD = 9).

Static linear losses in a RP resonant mode can lead to
a dramatic suppression of the transmittance and a simul-
taneous increase of the reflectance and drop of the total
absorbance of the structure [19]. However, such a static
realization would miss the crucial ingredient necessary for
its implementation as a RP, i.e., a self-regulated (nonlinear)
loss mechanism triggered by the intensity of the incoming
field [17,18]. Indeed, in the microwave regime, there is a
lack of materials with considerable nonlinear losses—as
opposed to the optical and IR, where materials with sig-
nificant two-photon absorption mechanisms are available
[24,25].

A “hybrid” CRMW-diode structure can bypass this con-
straint and can be used for the implementation of nonlinear
losses in the microwave domain. The latter are introduced
by placing the diode (detector Schottky diode SMS 7630-
079LF, from Skyworks) above the defect resonator at n =
nD = 9 using a Teflon spacer [see photograph in Fig. 1(c)].
The diode is short circuited and coupled via a metallic ring
with a diameter of 3 mm. Thus the z-directional magnetic
field [26] at the defect resonator of the transmitted signal

is inductively coupled to the fast diode. The strength of the
magnetic field dictates the value of the current at the ring
and consequently the voltage across the diode. The latter
dictates the state of the diode: the “on” state is associated
with high voltage (high incident power) and leads to high
losses at the defect resonator; the “off” state is associated
with low voltage (low incident power) and leads to low
losses.

IV. MODELING OF THE PHOTONIC CIRCUIT

The CRMW array can be described by an effective
coupled-mode theory Hamiltonian H

ωψn =
∑

m

Hnmψm,

H =
∑

n

νn|n〉〈n| +
∑

n

tn,n+1(|n〉〈n + 1| + |n + 1〉〈n|),
(1)

where ψn is the magnetic field amplitude and νn =
ν = ν0 + iγ is the resonance frequency of the nth res-
onator. The coupling constants tn−1,n describe the coupling
between the (n − 1)th and nth resonator and take only
two values, t1 and t2. Furthermore, we can show that
HC + CH ≡ {H , C} = 0, where Cψn = (−1)nψ∗

n , i.e., the
Hamiltonian H anticommutes with an antilinear opera-
tor (involving a complex conjugation), which defines a
charge-conjugation symmetry and can lead to topological
states [27].

In the absence of the defect resonator, one can invoke
Bloch’s theorem and derive the dispersion relation ω(k) =
ν0 ±

√
t21 + t22 + 2t1t2 cos(k) with wave number k (in the

case in which γ �= 0, the spectrum is ω̃(k) = ω(k)+ iγ ),
indicating the existence of two minibands at frequency
intervals ν0 − t1 − t2 < ω < ν0 − |t1 − t2| and ν0 + |t1 −
t2| < ω < ν0 + t1 + t2, separated by a band gap of width
2|t1 − t2|. By means of transmission measurements, we
determine the widths of the minibands and the gap, which
allows us to extract the coupling values t1 = 68 MHz, t2 =
33 MHz. These are in agreement with the values obtained
from the resonance splitting observed for two coupled res-
onators with the corresponding distances d1 and d2 [26,28].
The defect created by the two consecutive weak couplings
supports a topological defect state with frequency ν0 in the
middle of the gap. The mode profile has a characteristic
staggered shape given by [16]

ψD
n ∝

{
(−1)|n−nD |/2√

ξ
e−|n−nD|/2ξ , if |n − nD| is even,

0, if |n − nD| is odd,
(2)

where ψD
n is the wave function of the defect state at the

nth resonator site. The localization length ξ is given by
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ξ = 1/ ln(t1/t2). Note that n refers to site indices for each
individual resonator. Given that nD is odd, the stationary
solution is supported only by the odd-n sublattices. This
mode is protected by the C symmetry against positional
disorder, even in the presence of inhomogeneous losses, as
long as the latter respects the bipartite nature of the lattice
[15,16].

When the diode is coupled to the defect resonator nD =
9, it alters its complex resonant frequency νnD = ν0V +
�(InD), where InD = |ψnD |2 is the local field intensity.
The functional form of the PIN-diode nonlinearity matches
well with a saturable nonlinear absorption

�(InD) = z0 − z1
1

1 + αInD

, (3)

which is extracted by analyzing, both theoretically and
experimentally, the setup consisting only of a single
antenna directly coupled to an isolated resonator, which
is inductively coupled to the diode [see Figs. 1(b) and
1(c)]. Using the coupled-mode theory for this setup, we
evaluate analytically the reflectance R and absorbance A
and fit these expressions to our measurements for various
incident powers Pin in order to extract the fitting con-
stants z0 = (−50 + 29.6i) MHz, z1 = (−50 + 22i) MHz,
and α = (0.2 − 2i) mW−1. For the two limiting cases of
weak and strong field intensities, we obtain�(InD) = z0 −
z1 for (I 
 1) and �(InD) = z0 for (I � 1), respectively.
For low incident powers, �(InD) = z0 − z1 ≈ 7i MHz is
purely imaginary. At the other limiting case of high inci-
dent powers, the nonlinear term reduces to �(InD) = z0,
with a real part that is Re(z0) 
 ν0 (by 2 orders of mag-
nitude) and thus can be safely disregard for our modeling.
In fact, the same argument can be generalized for the case
of moderate incident powers, where one has to take into
consideration the full expression for �(InD) given in Eq.
(3). On the other hand, the resonance line width is substan-
tially increased as a function of the incident power. For
example, for high incident powers, we have that Im(z0) �
Im(ν) by an order of magnitude. We therefore conclude
that the increase of the power of the incident radiation
mainly affects the imaginary part of the resonant defect
frequency νnD .

Finally, in the case of the scattering setup, the left and
right antennas are modeled as ideal leads, corresponding to
semi-infinite tight binding chains with a constant hopping
amplitude t0 ≈ 100 MHz and a constant on-site poten-
tial εn ≈ ν0. Such leads support propagating waves with
the dispersion relation ω = ν0 + 2t0 cos(k). The coupling
coefficients tL ≈ 113.5 MHz (tR ≈ 90.5 MHz) between
each antenna and the leftmost (rightmost) CRMW res-
onator are generally different from t0 and do not depend
on Pin. Their values are determined by a least-square
fit of the measured transmission spectrum T(ω) with the
corresponding calculated one using our modeling scheme.

(a)

(b)

,

FIG. 2. (a) The measured transmission T = |S12|2 as a function
of the frequency ω and the input power Pin. (b) The logarithm
of the transmittance log10(Tn) at resonator n as a function of the
input power Pin.

V. SCATTERING ANALYSIS

The measured transmittance T close to the resonant-
mode frequency ν0 at the middle of the band gap is reported
in Fig. 2(a). The peak observed for small incident powers
Pin is suppressed with increasing Pin. The increases at the
edges are due to the bands generated by the bipartite struc-
ture. We further check that the spectral position of the peak
is not affected by a positional randomness of the resonators
(as long as they preserve the bipartite nature of the struc-
ture); a consequence of the topological protection due toC
symmetry.

In the previous section, we discussed the infinite Su-
Schrieffer-Heeger (SSH) model and detail the local nonlin-
earity placed at the defect site nD. To analyze the transport
properties for the finite CRMW array theoretically, we now
turn to the backward-transfer-matrix approach [29,30].
The one-step backward transfer matrix Mn is given by

(
ψn−1
ψn

)
= Mn

(
ψn
ψn+1

)
, Mn =

(
ω−νn
tn−1

− tn+1
tn−1

1 0

)
, (4)

where ψn is the wave function of the scattering mode at the
nth site. We supplement Eq. (4) with the appropriate scat-
tering boundary conditions, ψn = teink for n ≥ N + 1 and
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ψn = r0eink + re−ink for n ≤ 0 describing a left-incident
propagating wave with amplitude r0 and a reflection coef-
ficient r. Using the backward-transfer-map approach, we
obtain the transmittance and the scattering profile of the
defect mode.

The transport features of our RP can be quantified
via a direct numerical evaluation of the transmittance
T = |t/r0|2, reflectance R = |r/r0|2, and absorbance A =
1 − T − R using the backward map associated with Eq.
(4). A further theoretical analysis can be carried out by
noting that the transport process is divided into differ-
ent parts: propagation before or after the nonlinear defect
resonator and propagation through the nonlinear defect.
The first two (essentially identical) processes can be eas-
ily carried over using the transfer matrix (4). An ana-
lytical expression for the total left or right backward
transfer matrix M (L/R) is derived using Chebyshev’s iden-
tity. Using M (L/R), we calculate the field amplitudes just
before and after the nonlinear defect. Substituting these
expressions into Eq. (4) for n = nD = 9, we derive final
expressions for the transmittance and reflectance as fol-
lows:

T = 1

|μ1|2
∣∣∣
[(

ω−{ν+�(|tχ1|2)}
t2

)
+ μ2

μ1

]
χ1 − χ2

∣∣∣
2 (5)

and

R = T

∣∣∣∣∣

(
μ∗

1
ω − {ν +�(|tχ1|2)}

t2
+ μ∗

2

)
χ1 − μ∗

1χ2

∣∣∣∣∣
2

,

(6)

where μj = (i/2)M (L)
1j csc k + 1

2 M (L)
2j (1 − i cot k) and χj =

M (R)
j 1 + M (R)

j 2 eik. In the above expressions, we assume
lossless resonators, i.e., γ = 0. In the case of γ �= 0,
the conjugation symbol “∗” in Eq. (6) has to be understood
so that it applies only to the imaginary unit and not to the
matrix elements M (L)

1j or M (L)
2j which, in this case, are also

complex numbers.

VI. RESONANT FIELD PROFILE AND
PERFORMANCE OF RECEIVER PROTECTORS

In Fig. 2(b), we report the transmittance Tn from the
incident antenna to a scanning antenna placed on top of
the nth resonator. In the weak coupling limit between the
scanning antenna and the resonator, the measured trans-
mittances are directly related to the field intensities at the
nth resonator. The high transmission on the incident side
(n = 1) is defined by the decay of the evanescent coupling
to the incident four dimers. For small incident powers,
an increase is seen at the A (odd) sites, leading to higher
transmission through the RP. Note the switching of the

high transmission values from B (even) to A (odd) sites
around the defect site (nD = 9) for weak incident pow-
ers. At Pin ≈ −5 dBm, a decrease of Tn is observed at
the defect position nD and the transport for larger Pin is
then dictated by sites with even index n, i.e., the trans-
port is governed by an evanescent wave in the band gap.
For large incident powers, the support for transmission is
mainly from B sites, i.e., due to the evanescent wave of a
pure-dimer chain with eight dimers.

In Fig. 3, we report the numerically evaluated scatter-
ing profile for fixed incident frequency ω = ν0 and three
representative incident field intensities. We first consider
(upper row of Fig. 3) the simple case in which z0 = z1 and
γ = 0. In the limit of weak incident powers �(InD) = 0
[see Fig. 3(a)], the mode is exponentially localized around
the defect resonator and bears the characteristic signatures
of the staggered form associated with the defect mode of
the corresponding isolated C-symmetric Hamiltonian [see
Eq. (2)]. One difference is that the nodes of the defect
mode [Eq. (2)] turn to quasinodal points. We trace this fea-
ture back to the existence of a small (but finite) line-width
broadening of the resonant mode due to the coupling with
the antennas. Nevertheless, this mode demonstrates a high
quality factor, leading to a high transmittance.

The situation changes entirely for incident waves with
moderate and large powers [see Figs. 3(b) and 3(c), respec-
tively]. In these cases, the resonant localized defect mode
Eq. (2) is progressively disintegrated due to the fact that
the associated line width increases strongly. The latter is
now dictated by the nonlinear losses Im�(InD) occurring
at the defect resonator, rather than the radiative losses
associated with the edges of the CRMW. As a result, the
Q factor of the resonant mode is deteriorated, leading
to an underdamped-to-overdamped transition. The critical
incident intensity for which this transition occurs can be
estimated by imposing a critical coupling criterion:

�rad ∼ �bulk; (7)

�rad ∼ |ψnL |2 + |ψnR |2 = 2
ξ

e−|(N−1)/2|/ξ , (8)

�bulk ∼ Im(νnD)|ψnD |2 = Im(νnD)/ξ , (9)

where nL = 1 and nR = 17. Both �rad and �bulk are eval-
uated using first-order perturbation theory. We stress that
the destruction of the localized resonant-defect mode also
signifies the mitigation of any electrical breakdown effects
for the diode.

In Figs. 3(d)–3(f), we show the scattering resonant pro-
files (solid lines) for the same incident powers as for the
upper panel, still assuming γ = 0 but with z0 �= z1 tak-
ing the experimentally measured values. Thus �(InD) =
z0 − z1 �= 0 for low incident powers, but is still very small.
Nevertheless, this affects the staggered form of the reso-
nant field profile [see Fig. 3(d)] and partially distorts the
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(a) (b) (c)

(d) (e) (f)

,

FIG. 3. The scattering profile for three representative incident powers: (a),(d) weak incident power (−75 dBm); (b),(e) interme-
diate incident power (−40 dBm); (c),(f) high incident power (+17.5 dBm). In (a)–(c), the bulk losses are set to zero (γ = 0), an
(approximately) symmetric coupling is assumed (tL = 113.5 MHz ≈ tR = 90.5 MHz), and the defect resonance is perfectly adjusted
[�(I) = 0, i.e., z0 = z1] for low incident powers. In (d)–(f), we assume that z0 = (−50 + 29.6i)MHz and z1 = (−50 + 22i)MHz take
the values extracted from the best fit of the transport measurements of the diode. The solid lines correspond to the ideal case in which
the bulk losses at each resonator are γ = 0, the dashed lines to γ = 1.7 MHz (the measured experimental value of our resonators), and
the dotted line to the experimentally obtained profile. In all cases, the scattering profiles are normalized with respect to the intensity at
the first resonator |ψ1|2.

resonant-defect mode. As the incident power increases,
the resonant mode initially remains intact [see Fig. 3(e)].
However, for even higher incident powers, the defect
mode quickly deteriorates and does not show any rem-
nants of localization around the defect resonator. Rather,
it decays exponentially from the incident edge of the
CRMW [see Fig. 3(f)]. The same behavior is observed
in the presence of bulk losses (dashed lines) from the
resonators (γ �= 0). The latter describes nicely the exper-
imental profiles (dotted-dashed lines) shown in the same
figure. The transformation of the defect resonant mode Eq.
(2) to an exponentially decaying field signifies the onset
of a suppressed transmittance—the latter being roughly
proportional to |ψN/ψ1|2 ∼ exp(−N/ξ), with a charac-
teristic decay length ξ . Indeed, we show below that the
underdamping-to-overdamping transition is the dominant
mechanism responsible for the suppression of the transmit-
tance of the resonant defect mode. An expected, nonlinear
resonance detuning at high powers is certainly helpful but
not necessary for the suppression of the transmittance,
since the defect mode is already destroyed long before
the detuning becomes relevant for the current analysis
[31,32].

To quantify this expectation for the performance of our
RP, we present in Fig. 4(a) the relative transmittance Trel =
T/Tlow (Tlow is the transmission at small incident powers)
versus the incident power. For each incident power, we
trace the associated resonance frequency and extract the
corresponding transmittance T—thus making sure that we
evaluate its maximum (peak) value all the time [31]. Three
different cases are considered: (a) zero bulk losses from
the resonators γ = 0 and zero linear losses of the diode
z0 = z1 (ideal design; see blue line); (b) zero bulk losses
γ = 0 but nonzero linear losses due to the presence of the
diode z0 �= z1 (orange line); and (c) nonzero bulk losses
γ �= 0 and nonzero linear losses due to the presence of the
diode z0 �= z1 (corresponding to our experimental setup;
see black line). In the same figure, we present the measure-
ments of our RP (black dots). For high incident powers,
the experimental values of Trel indicate a saturation trend,
which is a consequence of the rather shallow transmission
floor T within the band gap of the SSH structure, arising
mainly from the width of the resonances at the two band
edges. This limitation can be further improved by increas-
ing the number of dimers on each side of the topological
defect or by increasing the quality factor of the individual
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(a)

(b)

FIG. 4. The (a) transmittance and (b) absorbance of the pho-
tonic RP versus the intensity Pin of the incident electromagnetic
signal. The solid lines correspond to theoretical results, while the
black dots indicate our measurements from the setup of Fig. 1(b).
Additionally, the transmittance for the single diode is shown (red
line).

resonators. Finally, for comparison, we additionally report
the transmittance for the single diode (red line).

In Fig. 4, we also indicate by vertical dashed lines the
LT of each of these cases, which is identified as the value
of the incident power for which Trel ≈ 90%. In fact, the LT
can be approximated using the critical-coupling criterion
Eq. (7). In the ideal scenario, the Ohmic losses are dom-
inated by the nonlinear loss at the defect site Im(�) and
thus �bulk ∼ Im[�(InD)]/ξ . Using Eq. (2), we can express
InD in terms of InL , which results in an equation to solve for
InL ∼ LT:

2χ ∼ Im[�(χ−1InL)], (10)

where χ = e−|(N−1)/2|/ξ . Equation (10) holds for a gen-
eral form of nonlinearity. For illustration, let us consider
the limit of weak incident power. Expanding the nonlin-
earity to first order, Im[�(InD)] = (z0 − z1)+ Im(z1α)InD .
The resulting LT is given by

InL ∼ 2χ2 − (z0 − z1)χ

Im(z1α)
. (11)

Note that χ describes the growth of the scattering-field
intensity near the defect site. With a larger system size,
a higher field intensity peak—and hence a lower LT—can
be achieved. In agreement with our expectations, the LT
decreases exponentially with an increase in N [see Eq.
(11)]. Using the backward-transfer-matrix approach, we
verify that the LT decreases substantially with a growing
system size in the ideal scenario.

The excellent agreement between our theoretical results
(black line) and the measurements is a direct confirmation
of the accuracy of our nonlinear coupled-mode model-
ing scheme and verifies the proposed RP mechanism as
described. It is obvious that our RP has a dramatic limit-
ing effect, providing a 3-orders-of-magnitude suppression
of the transmittance. As opposed to the stand-alone diode,
we see that when the diode is incorporated in the CRMW
array, the LT is reduced by approximately 15 dBm, while
the theoretical upper bound (corresponding to an “ideal”
design—see above) allows for a LT that is approximately
50 dBm smaller than that of the single diode.

Let us finally discuss the power of the proposed RP in
terms of self-protection against high incident power. We
have already established that the RP prevents electrical
breakdown of the diode component due to the destruc-
tion of the localized defect resonant mode at high incident
powers. However, there is another threat, associated with
excessively absorbed energy of the incident radiation by
the sensitive diode. This amount of energy turns to heat
and will eventually lead to destruction of the diode. Using
Eqs. (4), we can show that the absorbance at resonator nD
is expressed in terms of the field intensity at the defect
resonator as follows:

AD = Ares
D + APIN

D , (12)

Ares
D = 2γ

|ψnD/r0|2
νg

, (13)

APIN
D = 2 Im[�(InD)]

|ψnD/r0|2
νg

, (14)

where νg = ∂ω(k)/∂k is the group velocity at the leads. In
Eq. (12), the term Ares

D is associated with the bulk losses
of the ceramic resonator, while APIN

D describes the energy
absorbed by the PIN diode and is the main topic of inter-
est for us. From Eq. (12), we calculate APIN

D for the three
scenarios mentioned above. The results are presented in
Fig. 4(b), together with the measurements of the pho-
tonic RP (black dots). A nice agreement is again observed
between our measurements and the corresponding theoret-
ical curve (black line). In the case of high incident powers,
all scenarios associated with the photonic RP demonstrate
a more than one-order-of-magnitude reduced absorption
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with respect to the stand-alone diode (red line). In fact, in
the ideal setup, we find that the absorbance for high powers
could be further suppressed by increasing the system size
N , which implies an increase in the damage threshold. We
conclude, therefore, that the coupling of a standard diode
with a CRMW array can mitigate its destruction by over-
heating from high-power incident radiation. In this limit,
the proposed RP reflects almost all of the energy, leading
to a large dynamic range.

Although in this paper, we investigate the limiting prop-
erties of the SSH photonic structure of Fig. 1 against CW
signals, we expect a similar high-quality limiting perfor-
mance for pulse signals as well. In this latter case, one
needs to make sure that the carrier frequency of the pulse is
located inside the band gap and has a bandwidth that con-
fines the signal within the gap. A potential concern might
be associated with the recovery time of the nonlinear ele-
ment (diode) to respond to a fast pulse. Fast diodes with
quick recovery time of the order of tens of nanoseconds
are, however, available [3,4] and can be used instead of the
SMS 7630-079LF Schottky diode that we incorporate in
the current design. The operational power of the limiter can
be further configured by increasing or decreasing the num-
ber of dimers of the SSH circuit (see previous discussion),
by adjusting the distance between the defect resonator and
the diode or the diameter of the short circuiting [see inset
in Fig. 1(c)] or simply by using diodes with other specifi-
cations. These latter adjustments will calibrate the critical
power values for which the nonlinear losses (due to the
diode) are activated, allowing us further control of the LT
(see discussion above) of the proposed photonic circuit.

VII. CONCLUSIONS

Utilizing the framework of topological photonics, we
devise and implement a RP consisting of a bipartite
CRMW array coupled inductively at a defect site with a
PIN diode with lossy nonlinearity. For low incident pow-
ers, the symmetry-protected defect resonance mode pro-
vides robust high transmittance, which reduces appreciably
when the power of the incident signal increases beyond a
critical value. This LT is reduced considerably with respect
to the corresponding LT of the single PIN diode, as used
in conventional designs. At the same time, the damage
threshold of the photonic RP is increased via the reduc-
tion in absorbance by at least one order of magnitude as
compared to a typical RP associated with the stand-alone
PIN diode. The defining parameters of the CMRW setup,
such as the couplings to the leads or dc voltages applied to
the diode, can in principle be controlled externally, e.g.,
electronically, giving rise to an adaptable design with a
controllable LT. The proposed scheme is scalable, can be
printed in CMOS, and can be used as a protection element
for a variety of rf transceiver setups.

More generally, this work provides inspiration to find
applications of other modern concepts from photonic scat-
tering and transport theory. For instance, coherent per-
fect absorbers [33,34] could prove useful for the dumper
channel and signals could also be directed utilizing uni-
directional invisibility [35], direction-independent wave
propagation [36], and helicity-dependent transport [37].
Furthermore, all of these effects could be further enhanced
by considering their nonlinear extensions.
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