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Abstract

We report a novel approach for dynamically tuning and reconfiguring

microwave bandpass filters (BPFs) based on optically controlled switching

elements using photoconductivity modulation in semiconductors. For a

prototype demonstration, a BPF circuit featuring a second‐order design using

two closely coupled split‐ring resonators embedded with multiple silicon chips

(as switching elements) was designed, fabricated, and characterized. The

silicon chips were optically linked to fiber‐coupled laser diodes (808 nm light)

for switching/modulation, enabling dynamic tuning and reconfiguring of the

BPF without any complex biasing circuits. By turning on and off the two laser

diodes simultaneously, the BPF response can be dynamically reconfigured

between bandpass and broadband suppression. Moreover, the attenuation

level of the passband can be continuously adjusted (from 0.7 to 22 dB

at the center frequency of 3.03 GHz) by varying the light intensity from 0 to

40W/cm2. The tuning/reconfiguring 3‐dB bandwidth is estimated to be

~200 kHz. In addition, the potential and limitations of the proposed

approach using photoconductivity modulation are discussed. With the strong

tuning/reconfiguring capability demonstrated and the great potential for high‐

frequency operation, this approach holds promise for the development of more

advanced tunable filters and other adaptive circuits for next‐generation

sensing, imaging, and communication systems.
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1 | INTRODUCTION

In typical modern adaptive communication systems, the

implementation of tunable multiband bandpass filters

(BPFs) is often desired for reconfigurable signal path due

to the nature of a single transceiver operating across

multiple frequency bands concurrently.1 Dynamically

switching among different frequency channels/bands is

also important for effective usage of spectrum since some

bands are either empty or not used at full capacities.2 In

addition, sensing the income signal spectrum informa-

tion based on frequency control circuits (e.g., tunable

BPFs) becomes more and more important for adapting

the link parameters for operation in certain frequency

bands.3 To realize the above functionalities in modern

systems, switched filter banks4 comprising an array of
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tunable/reconfigurable BPFs as shown in Figure 1A can

play a pivotal role. These BPF elements collectively serve

to divide the input signal into multiple components, each

singularly containing a distinct frequency sub‐band

derived from the original signal, offering the potential

to greatly reduce system complexity and enable

multifunctionality.4

As a consequence, a range of microwave tunable/

reconfigurable BPFs and/or switched multiplexer

topologies have been proposed and designed employ-

ing various switching technologies based on either

semiconductor‐based devices (e.g., field‐effect transis-

tors [FETs], PIN diodes, varactors)5–7 or micro‐electro‐

mechanical systems (MEMS) devices,8 for achieving

such filter banks. These filter banks demonstrated

incorporate tuning/switching elements positioned

either before multiple channels (switched multiplexer

design) or within each filter inside a band (tunable BPF

design).5–8 However, all the aforementioned switching

technologies require complex biasing circuitry for their

operation. This unavoidably introduces performance

challenges due to parasitic effects from the bias

circuitry, while also posing difficulties in circuit design,

integration, and fabrication. This situation becomes

more severe as frequencies enter the millimeter‐wave

to THz (mmW‐THz) region (with smaller circuit sizes)

for next‐generation (e.g., 6G and beyond) communi-

cation systems.9 In addition, semiconductor‐based

switches typically exhibit significant performance

degradation at mmW‐THz,10 making them unsuitable

for future systems. Although MEMS switches can be

applied (in the mmW‐THz range), their extremely

challenging fabrication, low speed, and potential

reliability issues make them difficult to integrate into

sophisticated and multifunctional systems.10

To address these challenges and develop an alterna-

tive approach for achieving high‐performance multi-

functional filter circuits required in next‐generation

communication systems, a novel optical switching

technology based on the modulation of semiconductor

photoconductivities has been introduced and explored.11

This switching technology, previously validated in both

D‐band and G‐band (110–220 GHz) using silicon,12 has

been successfully employed to demonstrate a versatile

and adaptable bandstop filter (BSF) using split‐ring

resonators (SRRs)13 in the absorption mode. To further

unlock the technology potential, demonstrate the design

flexibility, and attain dynamic tunability for various

applications, in this paper, we propose and demonstrate a

prototype single band tunable and reconfigurable BPF

element (see channel 1 in Figure 1B) based on

transmission‐mode SRRs as an approach for achieving

more complex switched filter banks as depicted in

Figure 1. In pursuit of achieving a high roll‐off filter

response, a pair (second order) of identical transmission‐

mode SRRs were closely coupled (electric coupling

structure14) to introduce distinct passbands. To enable

reconfigurability and tunability, a micromachined silicon

chip is embedded in the gap of each SRR. Each chip is

optically linked to a fiber‐coupled laser diode (808 nm)

(A) (B)

(C)

FIGURE 1 (A) The conceptual configuration of a switched multiband filter bank with a reconfigurable BPF for each band, (B) tunable

and reconfigurable bandpass filters (BPFs) element for a prototype demonstration, and (C) the mechanism of photoconductivity modulation

for RF switching using photo‐induced free carriers in Si thin film. SRR, split‐ring resonator.
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for the control of photoconductivity. By changing the

illumination light simultaneously from the two fiber‐

coupled laser diodes, the passband can be dynamically

reconfigured (i.e., on or off) and continuously tuned.

This approach eliminates the need for additional biasing

circuits to achieve tuning and reconfiguring, thereby

reducing circuit complexity and enhancing frequency

scalability, particularly in the context of higher‐

order BPF designs at high frequencies. By using the

combination of absorption‐mode SRRs (for BSFs) and

transmission‐mode SRRs (for BPFs), a wide range of

tunable/reconfigurable filters with various frequency

responses (e.g., arbitrary frequency/bandwidth) and

multiple functionalities can be achieved.

2 | THEORY FOR OPTICALLY
CONTROLLED RF SWITCHING

As discussed above, the prototype BPF element

(Figure 1B to be demonstrated in this paper consists of

two closely coupled transmission‐mode SRRs with

embedded optical switching elements at their gaps. The

dynamically tuning and reconfiguring of the BPF are

achieved by exposing the switching elements (semi-

conductor layer, e.g., silicon) with light to control its

photoconductivity. Upon absorption of a photon (with

energy level larger than the bandgap of semiconductor),

an electron situated within the valence band of the

semiconductor gains the requisite energy for its transi-

tion to the conduction band.11 This absorption event

leads to the generation of free carriers, i.e. electrons and

holes with a carrier concentration n partially modulated

by the incident light intensity. These electrons and holes

exhibit different rates of movement under the influence

of an electric field, depending on their mobility μn

(electrons) and μp (holes), within the material.15 Mean-

while, recombination of electrons and holes occurs

during this process, which in turn results in an effective

carrier lifetime τ and hence an effective carrier concen-

tration n.13 Therefore, in addition to incident light

intensity, both mobility and effective carrier lifetime

significantly contribute to the material's conductivity σ as

determined by the following equation:

σ q μ μ n= ( + ) ,n p (1)

where q is the elementary charge. For instance, using

silicon as a reference (with specific parameters for the

high‐resistivity Si (HRS, ρ= 20,000Ω·cm) employed in

this work), the calculation of photoconductivity can be

conducted based on light intensity and film thickness

using an established physics‐based nonlinear model in

Shi et al.11 The results (using Si as an example), as

depicted in Figure 2, show that with an increase in light

intensity, photoconductivity initially exhibits nearly

linear growth, but it gradually plateaus as it approaches

the threshold of approximately 120W/cm2. This leveling

off can be attributed to Auger recombination at high

carrier concentrations.11 In addition, thinner material

shows a higher photoconductivity. These findings

emphasize the potential to achieve significant alteration

in conductivity, with a ratio (on and off) reaching

approximately 105, indicating its potential for achieving

high‐performance switching for tuning and reconfiguring

microwave circuits, especially BPFs.

It is worth to note that the transient analysis using

the physics‐based model reveals that semiconductors

typically undergo a 10‐fold carrier lifetime cycle τ to

achieve their maximum carrier concentration and an

additional 10τ for recovery.16 Among three materials

discussed in Kannegulla et al.,16 as compared to Si, Ge

offers the longest carrier lifetime and hence the highest

achievable carrier concentration and photoconductivity,

while having the lowest modulation speed. On the

contrary, GaAs provides the highest modulation speed

but generating significantly lower carrier concentration

and photoconductivity. In this paper, Si has been chosen

for a proof‐of‐concept demonstration for dynamically

tuning and reconfiguring a microwave BPF as shown in

Figure 1. The effective carrier lifetime for the Si

employed is estimated to be ~1 μs based on our previous

experiment in Cheng et al.,17 Ren et al.,18 Jiang et al.,19

and the diffusion length of ~41.6 μm is calculated. This

selection aligns with the aim of achieving a balance

between tuning speed and achievable conductivity

FIGURE 2 The photoconductivity of Si thin film (assume a

carrier lifetime of 1 μs) as a function of light intensity for different

Si film thickness.
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(and corresponding switch RF performance) to fulfill the

specific requirements (e.g., dynamic tuning with high

modulation speed) of certain applications.

3 | CIRCUIT DESIGN AND
MODELING

In previous work, the optical modulation technology

described in Section 2 has been successfully applied to

demonstrate a variety of tunable/reconfigurable THz

circuits/components including modulators/attenuators,

coded imaging apertures, and beam steering/forming

Fresnel antennas.18–21 However, tuning and reconfigur-

ing a filter circuit using this technology through the RF

switching approach has not yet been fully explored.

Although in Li et al.13 a tunable and reconfigurable BSF

prototype based on first‐order absorption‐mode SRRs has

been demonstrated using the proposed optical switching

elements, the feasibility and potential of this approach

for tuning higher‐order more complex BPFs with

multiple switching elements have not yet been

investigated.

In view of this, to verify the effectiveness of the

proposed switching technology for tuning and reconfi-

guring BPFs, a prototype tunable and reconfigurable BPF

was designed as shown in Figure 1B. The BPF

implementation features a second‐order design with

two closely coupled square‐loop SRRs operating in

transmission mode (in series in a 50Ω microstrip

transmission line configuration). Each SRR has an

optical switching element embedded at its gap. In

principle, when the switching element is turned off, the

SRR operates as a half‐wavelength resonator. When the

switching element is on, the SRR structure is reconfi-

gured to work as a ring resonator with resonant

frequency nearly doubled.22 By controlling the two

switching elements simultaneously (for higher perform-

ance), the frequency response of the BPF circuit can be

dynamically reconfigured between bandpass and broad-

band suppression.

Although BPFs employing single transmission‐mode

SRR using one switching element could be adopted for

prototype demonstration (of a tunable BPF),23 the design

in Figure 1B with two SRRs allows us to fully reveal the

potential and design flexibility of the proposed approach

while achieving a higher filter performance (e.g., higher

roll‐off). In addition, the design involves electric coupling

between two SRRs with two gaps closely located facing

each other (with a small distance D).14 It would be quite

challenging for tuning the two SRRs simultaneously

using any other switching technology requiring complex

biasing circuit. This will again allow us to demonstrate

the unique advantage of the proposed approach using

spatially resolved optical tuning and modulation with a

spatial resolution primarily determined by the light

wavelength.16,17 It is worth to point out that once tunable

BSFs using absorption‐mode SRRs and BPFs using

transmission‐mode SRRs are demonstrated, more

advanced microwave filters with arbitrary frequency

responses and multiple functionalities (e.g., dual‐band

BPFs) can be designed using combinations of the two

modes.

Based on the above analysis, the proposed BPF circuit

(see Figure 1B) was designed on a RO5880 substrate

(with dielectric constant of 2.2, thickness of 0.51 mm,

copper thickness of 0.035mm, and loss tangent of 0.001).

For a prototype demonstration, the center frequency of

the passband was chosen to be 3 GHz. To achieve the

desired 3 GHz target frequency, the side length (L) of the

square‐loop SRR was calculated as 11mm. The width

(W) of the microstrip is set at 1.5 mm, same as the main

line width for a 50Ω characteristic impedance in the

2–4 GHz frequency range. Furthermore, to ensure a

uniform width of 1.5 mm, the corner section of the

square‐loop SRRs was intentionally removed. This

particular dimension was designed for reducing the

mismatch between SRRs and the input/output transmis-

sion line. The distance (D) between the two adjacent

SRRs was designed to be 0.3 mm for efficient electric

coupling while facilitating easy fabrication. The gap size

(G) for each SRR is of 0.4 mm (roughly the size of the

light spot from the optical fiber employed). For simula-

tion, it is assumed that a 73 μm thick silicon thin film

(used in our previous demonstration) with an area of

1 × 2mm2 is positioned over the gap region of each SRR,

ensuring good contact between the Si and SRR strip lines

(see Figure 1C).

To explore the best performance that can be achieved

using this approach, the carrier concentration and

photoconductivity of the Si active layer were calculated

using the physics‐based model in11 assuming an incident

light intensity of 100W/cm2 (based on Figure 2). The

resulting material parameters were then used in ADS

simulation. Figure 3 illustrates the simulation results of

the proposed BPF. When both the switching elements are

in the off‐state (no light illumination), the circuit shows a

passband centered at 3.01 GHz which is slightly higher

than the designed value. The 3‐dB bandwidth is

250MHz, or 8.3%. The average insertion loss (IL, S21)

in the passband is approximately 0.7 dB, with a return

loss (RL, S11) reaches a level of ~40 dB at the center

frequency of 3.01 GHz. Owing to the adoption of second‐

order two‐SRR design, the BPF shows high roll‐off with a

sharp transition from the passband to stopband. The null

suppression is 56.7 and 51.4 dB at 2.55 and 3.72 GHz,
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respectively. The stopband ripple level is beyond 25 dB.

Although the above BPF parameters can be adjusted or

further improved (e.g., extremely narrow bandwidth

bandpass/stop filter) by modifying the circuit geometry,24

in this paper, we focus on the tuning and reconfiguring

of the filter using optical modulation. As shown in

Figure 3, when the two switching elements are in the on‐

state (with 100W/cm2 illumination using a laser diode),

the bandpass response can be dynamically reconfigured

to a broadband suppression as expected. The suppression

in the original passband achieves ~25 dB (as compared to

0.7 dB), while the reflection coefficient S11, remains low

at ~0.1 dB over the entire frequency range spanning from

2 to 4 GHz. These results indicate the successful

realization of a reconfigurable bandpass filter by employ-

ing the proposed optically controlled switching

technology.

4 | BPF CIRCUIT
IMPLEMENTATION AND
MEASUREMENT

The designed BPF circuit was fabricated on a RO5880

substrate using a conventional photolithography

process (photoresist MICROPOSIT S1813) followed

by ferro chloride acid etching. Two SMA connectors

(Amphenol RF 132255‐11) were used at the input and

output ports for S‐parameter measurement. To enable

the BPF tuning and reconfiguring as simulated in

Section 3, two micromachined Si chips with a

thickness of 73 μm and a dimension of ~1 × 2 mm2

were manufactured using a deep reactive‐ion etching

(DRIE) process and were then attached (glued using

silver epoxy) on top of the gaps in each SRR as shown

in Figure 4 inset. For light illumination, two laser

diodes (QSP‐808‐4 model) from Qphotonics LLC, were

subjected to variable biasing currents to modulate

their output light intensities. The emitted light from

the diodes was channeled through two optical fibers

(with a diameter ~300 μm) and directed to illuminate

the two silicon chips respectively, at normal incidence,

as illustrated in Figure 4. The distance between the

fiber tips and the silicon chips was consistently

maintained at ~1 mm for prototype demonstration.

The laser diode employed possess a maximal output

power of 4 W when operated under a biasing current

of 5 A. For the purpose of the prototype demonstration

described in this work, two Agilent E3610A DC power

supplies, were employed. These power supplies are

capable of delivering a maximum current of 3 A,

corresponding to an approximate power output of

~2 W. To achieve precise control over the illumination

characteristics, the positioning and elevation of

the fiber tips were adjusted. This adjustment was

facilitated by employing Thorlabs three‐axis micro-

positioners, which offer submicron resolution. Conse-

quently, a light spot with an approximate diameter of

1.0 mm2 was generated on each silicon chip, resulting

in an estimated maximum effective light intensity of

~40 W/cm2 for 3 A biasing current. This estimation

takes into account the light reflection and absorption

coefficient of the silicon active layer. In addition, in

this prototype demonstration, the thickness of the Si

active layer employed has a thickness of ~73 μm which

is significantly larger than the 41.6 μm calculated

diffusion length, leading to exponentially decreased

carrier concentration along the light incident direction

(normal to the Si surface).16 As a result, the achievable

FIGURE 3 Simulated S‐parameters of the proposed bandpass

filter for the on‐state and off‐state assuming a switching light

intensity of 100W/cm2.

FIGURE 4 Photograph of the implemented bandpass filter

(BPF) circuit and experiment set‐up. Inset: the prototype BPF with

implemented silicon on the top of the gap.
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photoconductivity near the bottom surface of the Si is

equivalent to a value due to a much lower light

intensity (which is ~40 W/cm2). According to Figure 2,

a much thinner Si chip can be used for improved

performance. By changing the biasing currents of

the two laser diodes simultaneously from 0 to 3 A, the

active regions of the two Si switching elements are

illuminated with different effective light intensities

for tuning/reconfiguring. On the basis of previous

stability testing of the proposed photoconductivity

approach, we expect that the switches will demon-

strate sufficient stability for applications at room

temperature.18 The S‐parameters of the BPF circuit

in the frequency range of 2.0–4.0 GHz were then

measured using a Keysight network analyzer

(E5080B).

5 | MEASUREMENT RESULTS

Figure 5 shows the measured and corresponding

simulated frequency responses for the proposed BPF

prototype when the switching elements are in the off‐

and on‐states. As shown in Figure 5A, when the two laser

diodes are turned off (off‐state), the proposed BPF shows

a single passband filtering response as expected. The

measured center frequency is located at 3.03 GHz, and

the 3‐dB bandwidth is 200MHz (i.e., 6.7%). The slightly

smaller measured 3‐dB bandwidth and the higher

measured center frequency, when compared with simu-

lation, may be attributed to the imperfect circuit

fabrication. At the center frequency (i.e., 3.03 GHz), the

measured insertion loss (S21) is ~0.75 dB, while the

reflection coefficient S11 reaches ~25 dB. In addition,

owing to the employment of higher‐order two SRR

design, the measured BPF response indeed shows higher

roll‐off characteristics23 with a measured null suppres-

sion of 63.7 dB at 2.55 GHz, and 48.4 dB at 3.73 GHz. The

measured stopband ripple level exceeds 25 dB. Overall,

the measured results agree quite well with the design and

simulation.

As shown in Figure 5B, when the two laser diodes are

turned on (or on‐state) simultaneously using the maxi-

mum biasing current, that is, 3A (with an estimated light

intensity of ~40W/cm2), the BPF response can be

successfully reconfigured to a broadband suppression

response. The S21 of the circuit is suppressed to be

generally lower than ~−18.5 dB, and the S11 remains

higher than ~−1 dB across the entire frequency range

from 2 to 4 GHz. Specifically at 3.03 GHz (center

frequency of the BPF response), the suppression is

~22 dB, reconfigured from a pass response (S21 in

Figure 5A) of ~0.75 dB, showing strong reconfigurability

as designed. These results generally align very well with

the simulation results obtained using the estimated

power intensity of 40W/cm2 and a lifetime τ= 1 μs

(verified) as shown in Figure 5B, demonstrating the

effectiveness of the BPF design/modeling using the

physics‐based model. As compared to the simulated best

performance using a light intensity of 100W/cm2 in

Figure 3, the suppression level in the original passband

(see shadow region in Figure 5) for the on‐state is only

slightly lower (compared to an average of 25 dB),

indicating that by employing a modified, thinner silicon

chip and increasing the incident light intensity, a

significantly high photoconductivity can be achieved for

realizing high‐performance switches with low insertion

loss (or attenuation).

In addition to reconfiguring the BPF response

between the two states (on and off), the reported

approach of optical modulation offers a unique

FIGURE 5 The simulated and measured frequency response of

the bandpass filter in (A) off‐state and (B) on‐state, and 3 dB

passband is highlighted as a shadow region.
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opportunity for continuously tuning the passband

attenuation/suppression. To demonstrate this unique

feature of the proposed technology, the intensities of

the illumination light from the two laser diodes were

adjusted by continuously changing the biasing currents

from 0 to 3 A simultaneously. Figure 6 illustrates the

measured S‐parameter for selected different light inten-

sities (i.e., 0, 10, 20, 35, and 40W/cm2) estimated using

the physics‐based model (with τ= 1 μs) described earlier.

As can be seen, the center frequency attenuation level

(S21) exhibits a continuous shift from 0.75 to ~22 dB,

while the S11 decreased from 25 to ~1 dB, as the light

intensity is incremented from 0 to 40W/cm2. The

estimated power levels based on modeling agree well

with the calculation using the power‐current data sheet

provided by the laser diode manufacturer (Qphotonics,

LLC). This unique feature of continuous tuning the

passband attenuation (of BPFs) may enable the develop-

ment of more advanced circuit functionalities for next‐

generation communication systems.25

6 | DISCUSSION

Although strong tuning and reconfiguring capability for

a prototype BPF using the proposed optical modulation

approach has been successfully demonstrated, the results

presented above also suggest that the switching element

on/off ratio and the resulting BPF tuning performance

can be further improved. Figure 2 shows the photo-

conductivity achieved and used in this work as compared

to modeling for illustrating the great potential. First, as

seen in Figure 2, increasing the light intensity can

generate a greater number of electron‐hole pairs, thus

enhancing carrier concentration and substantially im-

proving achievable photoconductivity. Second, using a

thinner silicon for active layer not only increases

photoconductivity (as demonstrated in Figure 2, or

reduces power for same photoconductivity) but also

prevents a significant drop in carrier concentration due

to the relatively short diffusion length (e.g., 41.6 μm

compared to the 73 μm Si thickness in this paper). In

addition, switching elements using Ge as the active

layer can be employed for even higher achievable

photoconductivity since Ge offers a higher carrier

lifetime (i.e., 1 ms) and light absorption coefficient (i.e.,

5.03 × 105 cm−1) when compared to Si (with only 1 μs

and 6.7 × 103 cm−1, respectively). Finally, fully integrated

switching elements using a noncontact configuration for

eliminating the rapid carrier recombination at the

contacts as described in Shi et al.,11 and Li et al.12 can

be adopted for optimized both device and filter perform-

ance. The power consumption of the proposed switching

approach could be significantly reduced by integrating

ferroelectric (FE) latching for nonvolatile operation.12,26

Another key consideration for dynamically tuning and

reconfiguring BPFs is the operation speed. The operation

speed of the proposed BPF is primarily determined by the

carrier lifetime inside the active layer (i.e., Si or Ge) of the

switching elements employed. This lifetime depends on a

number of factors, including the surface and bulk defect

density in the silicon, substrate thickness and geometry, as

well as the photo‐induced carrier density. In this prototype

demonstration, the Si wafer used has a relatively short

lifetime (τ=~1 μs) estimated from our previous work.16–19

The 3 dB operation bandwidth of the tunable and

reconfigurable BPF demonstrated was estimated to be

~200 kHz (using f3 dB=1/[2πτ]). A much higher switching

speed of 2MHz has been measured using Si with even

shorter lifetime,27 indicating the potential for achieving

high‐speed dynamic tuning and reconfiguring. However, a

short lifetime unavoidably leads to lower achievable carrier

concentration and hence photoconductivity, therefore a

trade‐off between switching speed and performance has to

be made for designing such tunable/reconfigurable BPFs

using the proposed optical modulation approach.

Of particular importance, it is seen from the

demonstration (i.e., tuning two closely located switching

elements simultaneously without biasing circuitry) that

the proposed optical modulation technology offers a

significant advantage in terms of universal adaptability,

as it eliminates the need for biasing circuits. This key

feature greatly increases the flexibility in circuit (e.g.,

BPFs) design, fabrication, and integration, especially

for the circuits operating within the high‐frequency

FIGURE 6 The frequency response of the bandpass filter with

the switching elements illuminated using different light intensities.

The 3 dB passband is highlighted as a shadow region.
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spectrum. As a result, the proposed filter design can be

easily scaled up for mmW‐THz operation without

extensive structural modifications. In addition, as dem-

onstrated in Shi et al.,11 and Li et al.12 THz switches

using the proposed mechanism show superior RF

performance as compared to most THz switches using

different technologies. Finally, it is worth noting that the

demonstrated switching approach can exploit spatial

optical modulation and operation using computer‐

programmed light patterns without any extra biasing

circuits, making it suitable for large‐scale switch array or

network applications, enabling the development of more

advanced and complex THz/microwave filters (e.g., the

filter banks in Figure 1) with a large number of switching

elements. The proposed approach for tunable and

reconfigurable BPFs may pave the way for developing

THz/microwave adaptive circuits for advanced sensing,

imaging, and communication applications.28

7 | CONCLUSION

In summary, this paper presents a novel approach using

photoconductivity modulation in semiconductors for

realizing dynamic tuning and reconfiguring BPFs with

high performance. For a prototype demonstration, a BPF

was designed using two closely coupled SRRs in the

transmission mode. Each SRR was embedded with a

micromachined Si chip at its gap for switching.

Measurement results show that the BPF response can

be dynamically reconfigured (between bandpass and

broadband suppression) and the in‐band attenuation can

be continuously tuned. In addition, a much higher

tuning/reconfiguring performance can be achieved by

using higher light intensity, thinner active layer, or

semiconductors with longer lifetime. Most importantly,

this approach eliminates the need for biasing circuits,

and demonstrates the potential in terms of universal

adaptability, design flexibility, and frequency scalability.

Consequently, the proposed approach holds great prom-

ise for the development of adaptive microwave‐to‐THz

circuits for next‐generation advanced sensing, imaging,

and communications.
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