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1. Executive Summary: Navigating the Future of RF
Systems with Advanced Filter Solutions

Modern radio frequency (RF) systems deployed in space, military/defense, and RF energy
applications face escalating complexity and unprecedented performance demands. The
relentless pursuit of higher data rates, broader bandwidths, enhanced spectral awareness,
and operational robustness in increasingly congested and contested electromagnetic
environments underscores the critical role of high-performance RF filters. These
components are fundamental to ensuring signal integrity, system reliability, and ultimately,
mission success in these demanding fields.

3Rwave, a specialized South Korean manufacturer, has established a reputation for
producing robust, reliable, and rationally designed RF filters, explicitly "Engineered to
Outperform". Their comprehensive portfolio encompasses a wide array of filter
technologies, including Cavity, Waveguide (both Air-filled and Ceramic-filled), Ceramic, LC,
LTCC (Low-Temperature Co-fired Ceramic), Microstrip, and SSL (Suspended Stripline)
filters. This diverse offering allows 3Rwave to address a multitude of application
requirements across a broad frequency spectrum.

Richardson Electronics stands as a key strategic partner and global solutions provider,
offering far more than conventional distribution. With an engineering-first model and a
consultative sales approach, Richardson Electronics provides crucial design-in support
and grants access to 3Rwave's innovative filter technologies, positioning itself as a true
technology solutions partner. This collaboration ensures that customers benefit not only
from advanced component technology but also from expert guidance in its application and
integration.

This technical white paper aims to explore the extensive filter capabilities of 3Rwave. It will
demonstrate how these technologies, when delivered and supported by Richardson
Electronics, effectively address the unique and stringent challenges posed by the space,
military/defense, and RF energy sectors. The synergy between 3Rwave's specialized
manufacturing prowess and Richardson Electronics' system-level expertise and broad
market access creates a compelling value proposition. This partnership delivers both
cutting-edge components and the comprehensive support necessary for their successful
implementation, addressing a common market need for specialized technology backed by
reliable integration know-how. The challenges within these sectors are continuously
evolving, and this document will highlight how 3Rwave and Richardson Electronics offer
forward-looking solutions, positioning them as innovators ready to meet future demands.
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2. The Demanding Frontiers: RF Filter Imperatives in
Space, Defense, and RF Energy

The operational environments and performance expectations within space,
military/defense, and RF energy sectors impose unique and severe constraints on RF filter
design and performance. Filters are not merely passive components in these systems; they
are critical enablers of core functionality, often operating under conditions that push the
limits of material science and engineering.

2.1. Space Applications: The Final Frontier for RF Performance

RF components destined for space applications face an unparalleled gauntlet of
challenges. The journey begins with the launch itself, where components must survive
extreme mechanical stresses, including pyroshock and intense vibrations. Once in orbit,
they are subjected to the harsh thermal vacuum of space, experiencing wide temperature
fluctuations with each orbital pass, from extreme heat during solar exposure to cryogenic
cold in shadow. Furthermore, exposure to various forms of radiation, including cosmic rays
and solar particles, can degrade material properties and electronic performance over
time.

A paramount consideration in all space-bound hardware is the optimization of Size,
Weight, Power, and Cost (SWaP-C). Every gram of mass and cubic centimeter of volume
adds significantly to launch costs, and power budgets are invariably tight. Consequently,
RF filters must be compact, lightweight, and highly efficient.

Perhaps the most defining characteristic of space missions is the demand for unwavering
reliability and extended operational lifetimes, often spanning years or even decades,
without the possibility of repair or maintenance. Component failure can lead to the
catastrophic loss of a multi-million or billion-dollar mission. This necessitates meticulous
design, material selection, and rigorous qualification.

Specific filter requirements for spaceborne systems include exceptionally low insertion
loss to preserve precious signal strength over vast communication distances, high
rejection of out-of-band signals to prevent interference in increasingly crowded frequency
allocations, and consistent performance stability across wide temperature ranges and in
vacuum conditions. These needs are prevalent across various satellite applications, from
Low Earth Orbit (LEO), Medium Earth Orbit (MEO), and Geostationary Orbit (GEO)
communication satellites to Earth observation platforms and deep space exploration
probes. The convergence of these extreme environmental demands and stringent
performance criteria necessitates highly specialized filter solutions that go far beyond
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standard off-the-shelf components, underscoring the need for custom-engineered and
rigorously validated designs.

2.2. Military & Defense: Ensuring Mission Success in Contested Environments

Military and defense systems demand RF filters that can operate flawlessly under some of
the most severe operational conditions imaginable. These include extreme temperature
ranges, high levels of shock and vibration encountered on mobile platforms, and exposure
to humidity, dust, and other contaminants in diverse geographic deployments.

The electromagnetic spectrum is a critical domain in modern warfare. Secure,
interference-free communications are vital for command and control, coordination of
forces, and intelligence dissemination. Radar systems require superior performance for
surveillance, target acquisition, and tracking, often in the presence of sophisticated
jamming attempts. Electronic Warfare (EW) and Signals Intelligence (SIGINT) systems
depend on highly sensitive and selective filters to detect, identify, and counter adversary
emissions while protecting friendly assets. Filters in these applications must provide high
rejection of unwanted signals, low noise figure contributions, and excellent linearity to
handle complex signal environments.

For components used in aerospace and defense, quality and reliability are non-negotiable.
The AS9100D certification, an aerospace-specific extension of ISO 9001, is a critical
benchmark. It mandates rigorous processes for risk management, counterfeit part
prevention, configuration control, material traceability, and overall quality assurance. This
certification is not merely a quality mark but a strategic imperative, providing assurance
that components meet the exacting standards required for mission-critical defense
applications. It directly addresses concerns about component reliability and supply chain
integrity, which is particularly relevant given the increasing scrutiny of global supply
chains.

A significant geopolitical trend is the move to diversify supply chains for critical defense
components away from regions that may pose risks due to political instability, trade
restrictions, or concerns about intellectual property protection. This creates opportunities
for trusted, secure, and technically proficient suppliers from allied or strategically aligned
nations.

2.3. RF Energy: Powering Innovation in Industrial, Scientific, and Medical Fields

RF energy applications, while diverse, share a common need for filters capable of handling
significant levels of RF power with high efficiency and precise frequency control. These
applications span industrial processes like heating, welding, and drying; semiconductor
manufacturing (plasma generation); scientific research (particle accelerators); and
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advanced medical systems (Magnetic Resonance Imaging (MRI), RF hyperthermia for
cancer treatment).

The challenges in this domain include managing very high power densities, which can lead
to thermal stress and potential component failure if not properly designed. Minimizing
insertion loss is crucial for overall system efficiency, as any power lost in the filter is
dissipated as heat and reduces the energy delivered to the load. Operational safety and
long-term stability are also paramount, especially in industrial settings where equipment
may run continuously for extended periods, and in medical applications where patient
safety is the primary concern. The diversity of RF energy applications means that filter
designs must often be tailored to specific Industrial, Scientific, and Medical (ISM) bands,
demanding precise frequency control and robust performance under high power stress.
This points to the importance of advanced material science, robust construction
techniques, and effective thermal management in filter design for this sector.

3. Introducing 3Rwave's Filter Portfolio: Precision
Engineered for Peak Performance

At the heart of 3Rwave's product philosophy are the principles of "Robust, Reliable &
Rational" design, coupled with a commitment to developing components that are
"Engineered to Outperform®". This ethos is reflected in their comprehensive portfolio of RF
filter technologies, designed to meet a wide spectrum of application needs from lower
frequencies to the mmWave domain. 3Rwave's capability to offer such a diverse range of
filter types signifies a strategic capacity to serve varied market segments rather than being
confined to a niche. This versatility is built upon decades of engineering experience and a
significant investment in multiple technology platforms.

3Rwave offers the following filter technologies:

e Cavity Filters: Known for their high quality factor (Q), low insertion loss, excellent
selectivity, and superior power handling capabilities, cavity filters are a mainstay for
demanding applications. Common structures include combline and interdigital
designs. They are frequently employed in high-power radar, satellite communication
systems, and base station infrastructure where precise filtering and robustness are
critical.

e Waveguide Filters (Air-filled & Ceramic-filled): Waveguide filters excel at higher
frequencies, including the microwave and mmWave bands, offering very low
insertion loss and high power handling. Air-filled designs are common, while
ceramic-filled versions can offer advantages in terms of size reduction (due to the
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higher dielectric constant of the ceramic material) or enhanced power handling and
thermal stability, depending on the specific ceramic used. The availability of
ceramic-filled options indicates an advanced capability in waveguide design aimed
at miniaturization or specific performance tuning. 3Rwave also has capabilities in
Substrate Integrated Waveguide (SIW) technology, which offers a planar approach to
realizing waveguide performance with easier integration.

e Ceramic Filters: These filters provide a good balance of electrical performance,
compact size, and temperature stability. They are often favored for volume
applications in telecommunications, wireless devices, and various defense systems
due to their cost-effectiveness and reliability.

e LC Filters: Composed of discrete inductors (L) and capacitors (C), LC filters are
versatile for lower frequency applications (typically below a few GHz). They offer
flexibility in achieving various response types (e.g., Butterworth, Chebyshey, Elliptic)
and are generally cost-effective solutions.

e LTCC (Low-Temperature Co-fired Ceramic) Filters: LTCC technology enables
significant miniaturization, making these filters ideal for SWaP-constrained
applications. They offer excellent performance at high frequencies, extending well
into the mmWave range, and allow for the integration of multiple passive
components within a single compact module. LTCC filters are also known for their
ruggedness and suitability for harsh environments.

e Microstrip Filters: These planar filters are fabricated on printed circuit board (PCB)
substrates, facilitating easy integration with other surface-mount components. They
are suitable for a wide range of applications where moderate performance and low
cost are key considerations.

e SSL (Suspended Stripline) Filters: Suspended stripline filters offer advantages
such as a higher Q-factor compared to microstrip, good temperature stability, and
suitability for certain high-performance applications where low loss and good
isolation are required. The conductors are suspended between two ground planes,
reducing dielectric losses.
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Across these technologies, 3Rwave provides a comprehensive range of filter configurations
to meet diverse system architecture needs, including:

e Band-Pass Filters (BPF)

e Low-Pass Filters (LPF)

e High-Pass Filters (HPF)

e Band-Reject Filters (BRF or Notch Filters)
e Duplexers

e Diplexers

e Multiplexers

e Filter Banks.

Specific examples from 3Rwave's product line include the S-Band Multi-Channel Duplexer
(Model: FAX198224A01) designed for LEO satellite applications, a VHF LC Filter (Model:
FLB0400554A01), an S-Band Ceramic Filter (Model: FCB228242A01), and a Ku-Band LTCC
Filter (Model: FT13501850A01).

A significant strength of 3Rwave is its capability for custom filter design, coupled with a
notably fast time-to-market for prototypes, typically within 4-6 weeks after proposal
agreement. This agility is crucial for customers with unique specifications or those
operating on accelerated development schedules. This custom design capability is
supported by extensive in-house engineering expertise, leveraging advanced design and
simulation software such as HFSS, ADS, Altium, and SolidWorks. The mention of
"outsourcing Sl to partner for filters" suggests a modern, flexible engineering approach.
This likely means 3Rwave focuses its deep in-house expertise on the core filter
electromagnetic and mechanical design and manufacturing processes, while potentially
collaborating with specialized partners for highly complex system-level simulations or
integration modeling where the filter is part of a larger customer system. This is a strategic
allocation of resources, allowing them to maintain agility and focus on their core
competencies, rather than a limitation.
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The following table provides an overview of 3Rwave's filter technologies:

Table 1: Overview of 3Rwave Filter Technologies

TYPICAL KEY
FILTER PRIMARY EXAMPLE TARGET
FREQUENCY PERFORMANCE
TECHNOLOGY RANGE CHARACTERISTICS ADVANTAGES APPLICATIONS
VHF to High Q, Low IL, High  Robustness, High Radar, Satellite
CAVITY Ka-Band Power, Excellent Performance, Comms, Base
Selectivity Customizability Stations
Very Low IL, High Best for High .
WAVEGUIDE | >28ndto oo ier High Frequency/Power, -otoiite .
W-Band Uplinks/Downlinks,
(AIR/CERAMIC) Frequency SIW for Planar
(mmWave) - . mmWave Radar
Capability Integration
Good Performance
. ’ Cost-Effective, .
CERAMIC UHF to Compact Size, Reliable, Good for Mob.lle Comms,
C-Band Temperature Tactical Radios, loT
L Volume
Stability
. Simplicity, VHF/UHF Comms,
LC HF to L-Band Flexible Response, Versatility at Lower Broadcast,
Cost-Effective . .
Frequencies Industrial Controls
Miniaturization Excellent for
L-Band to (SWaP), High SWaP, mmWave Satellite Payloads,
LTCC V-Band Frequency, Systems, Phased Arrays, 5G
(mmWave) Integration, Integrated mmWave
Ruggedness Modules
Planar, I?asy PCB Low Cost, Ease of General Purpose
L-Band to Integration, .
MICROSTRIP Manufacturing/Int  RF, Consumer
Ku-Band Moderate . .
egration Electronics
Performance
Improved
SSL L-Band to Ka- :Iiirr]c?;tﬁ th?;rc])od ;?Lf;r::r?ncgsgj " Microwave
(SUSPENDED IoRIP, 1P, Comms, Test
Band Stability, Moderate for specific High- .
STRIPLINE) Equipment
Power Performance
needs

IL = Insertion Loss; SWaP = Size, Weight, and Power
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4. Deep Dive: Matching 3Rwave Filter Technologies to
Mission-Critical Applications

The true value of a diverse filter portfolio lies in its ability to provide optimized solutions for
specific application challenges. 3Rwave's range of technologies, from robust cavity filters
to miniaturized LTCCs, allows for precise matching of filter characteristics to the
demanding requirements of space, military/defense, and RF energy systems. The selection
of a particular filter technology by 3Rwave for any given application is a deliberate
engineering decision, balancing critical factors such as operational frequency, power
handling requirements, physical size constraints, cost targets, and environmental
resilience. This demonstrates a sophisticated capability in design trade-off analysis.

4.1. Spaceborne Systems: Achieving Reliability and Performance Beyond Earth

Space applications impose the most stringent SWaP-C constraints and demand the
highest levels of reliability.

e LTCC and Miniaturized Ceramic Filters for SWaP-C: In satellite constellations
(LEO/MEO/GEO) and other space platforms where every gram and cubic centimeter
is critical, 3Rwave's LTCC filters, such as the FT13501850A01 Ku-Band LTCC filter,
offer significant advantages. LTCC technology allows for highly compact, lightweight
filters with excellent performance at microwave and mmWave frequencies, along
with the potential for integrating other passive functions, further reducing overall
payload size and mass. Similarly, advanced compact ceramic filters can provide a
balance of performance and miniaturization suitable for certain space-based
applications.

e Waveguide Filters for High-Frequency Satellite Communications: For satellite
uplinks and downlinks operating at Q-band, Ka-band, and higher mmWave
frequencies, 3Rwave's waveguide filters are essential. These filters provide the
extremely low insertion loss and high performance necessary to maintain signal
integrity over vast distances and through atmospheric attenuation. Both air-filled
and ceramic-filled waveguide structures can be optimized for specific satellite
communication bands.

e Cauvity Filters for High-Reliability Payloads: Cavity filters, such as 3Rwave's S-
Band Multi-Channel Duplexer (FAX198224A01) utilized in LEO satellites, are chosen
for applications demanding exceptional stability, high rejection of interfering
signals, and robust performance in the harsh thermal and vacuum environment of
space. Their inherent structural integrity also contributes to their ability to withstand
launch vibrations.
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e Radiation Hardness and Thermal Stability: Materials and designs for space
applications must inherently possess or be qualified for radiation hardness and
thermal stability. 3Rwave's experience in designing components for aerospace
applications, underscored by their AS9100D certification, implies attention to these
critical factors in material selection and filter construction.

4.2. Military & Defense Platforms: Dominating the Spectrum

Military and defense systems require filters that deliver uncompromising performance in
rugged, often hostile, environments.

e Cavity and Waveguide Filters for Radar Systems: Modern radar systems,
including Active Electronically Scanned Arrays (AESAs), rely on filters that can
handle high RF power levels, provide very sharp selectivity to isolate desired signals
from clutter and interference, and exhibit low insertion loss to maximize system
sensitivity and range. 3Rwave's cavity and waveguide filters designed for X-band, Ka-
band, and other radar frequencies are well-suited for these demanding roles in
surveillance, tracking, and EW systems.

e Ceramic and LC Filters for Tactical Communications & SIGINT: Robust ceramic
filters, like the FCB228242A01 S-Band model, and versatile LC filters, such as the
FLB0400554A01 VHF model, find widespread use in military radios, secure
datalinks, and SIGINT receivers. These filters ensure clear communications and
effective signal interception by rejecting interference in spectrally crowded and
actively contested environments.

e AS9100D Certified Solutions for Assured Quality: The AS9100D certification held
by 3Rwave is a critical factor for defense contractors. It provides auditable
assurance of quality management processes, risk mitigation strategies (including
counterfeit part prevention), and product conformity, all of which are paramountin
defense procurement.

e Custom Solutions for Specific Defense Needs: The unique and often rapidly
evolving requirements of defense programs frequently necessitate custom filter
solutions. 3Rwave's documented capability to provide custom designs for military
applications, leveraging their engineering expertise and fast prototyping, is a key
advantage. This combination of AS9100D certification and rapid custom
development offers a compelling package for defense contractors, especially those
seeking reliable, tailored solutions on accelerated timelines or looking for
alternatives to existing supply chains.
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4.3. RF Energy Systems: Precision Control for High-Power Applications
RF energy systems require filters that can efficiently handle high power levels while
maintaining precise frequency control.

e High-Power Cavity and Waveguide Filters: For industrial applications such as RF
heating, plasma generation in semiconductor manufacturing, and scientific
research instruments like particle accelerators, filters must manage power levels
that can reach kilowatts. 3Rwave's experience with high-power RF components,
such as their circulators and isolators operating up to 6.5KW CW , provides a strong
foundation for designing cavity and waveguide filters capable of meeting these high-
power demands. Low insertion loss is critical for efficiency, ensuring maximum
power delivery to the process and minimizing waste heat.

e Specialized Filters for Medical RF Applications: Medical devices utilizing RF
energy, such as MRI systems and RF hyperthermia equipment for cancer therapy,
have unique filter requirements. These include precise operation within allocated
medical frequency bands, exceptional stability, and stringent safety considerations
to protect patients and operators. Filters must also be compatible with medical
device manufacturing standards and often require specific non-magnetic materials
for MRI compatibility. The diversity within RF energy applications—from cost-
sensitive industrial equipment to ultra-precise scientific instruments and safety-
critical medical devices—means that a one-size-fits-all filter approach is
inadequate. 3Rwave's adaptability in custom design is crucial for addressing these
varied and specific needs.
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The following table illustrates how 3Rwave filter technologies address specific application

challenges:

Table 2: 3Rwave Filter Solutions for Key Applications

SPECIFIC RECOMMENDED KEY PERFORMANCE
APPLICATION CRITICAL 3RWAVE FILTER BENEFITS
EXAMPLE CHALLENGE(S) TECHNOLOGY/MODEL PROVIDED BY
(EXAMPLE) 3RWAVE SOLUTION
Compact size,
Extreme lightweight, excellent
Miniaturization LTCC (e.g., ’
LEO SATELLITE ' \v2p-c), Low FT13501850A01 variant T Wvave
UPLINK (KA- . performance,
Loss, High for Ka) or Custom .
BAND) . suitable for vacuum
Frequency, Waveguide
s and temperature
Reliability
extremes
Efficient power
High Power transmission,
X-BAND AESA Handll.ng, High Custom Cavity or p.reC|.se.target
RADAR Selectivity, Low Wavesuide Filter discrimination,
MODULE Insertion Loss, g robust performance
Phase Stability under vibration and
thermal cycling
Low insertion loss
INDUSTRIAL RF High Powgr (kW minimizes power
levels), High waste, rugged
PLASMA .. . N .
Efficiency, High-Power Cavity Filter construction for
GENERATOR . .
Robustness, Cost- industrial
(2.45 GHZ) . .
Effectiveness environments, stable
operation
Eﬁffi?gr?:, LC Filter (e.g Effective out-of-band
VHFTACTICAL | ¢ iection, FLB0400554A01) or signal rejection,
RADIO - - durable for field use,
Portability Custom Ceramic Filter combact form factor
(Size/Weight) P
MILITARY Very High E?(tremely low.loss at
Frequency, Low high frequencies,
SATCOM . . . .
GROUND Noise, High Custom mmWave excellent isolation,
Rejection, All- Waveguide Filter environmentally
TERMINAL (Q/V
Weather sealed for outdoor
BAND) .
Operation deployment

40W267 Keslinger Road 1.800.348.5580 (USA & Canada)
PO Box 393, LaFox, IL 60147 USA 1.630.208.2200 (International)

©2025 Richardson Electronics, Ltd and it’s affiliates reserve the right to make changes to the product (s) or information contained herein without notice. Richardson Electronics assumes no responsibility for any
errors which may appear in this document. No part of this document may be copied or reproduced in any form or by any means without the prior written consent of Richardson Electronics, Ltd.

rellpower.com | rellpower@rell.com




3Rwave Filter Solutions White Paper

5. The 3Rwave Advantage: Innovation, Quality, and
Strategic Sourcing

3Rwave distinguishes itself in the competitive RF filter market through a combination of
deep engineering expertise, an unwavering commitment to quality, a strategic position in
the global supply chain, and continuous innovation in filter technology. These elements
collectively form the "3Rwave Advantage."

5.1. Decades of Expertise: The Foundation of "Engineered to Outperform”

With 25 years of specialized experience, 3Rwave's engineering team possesses profound
knowledge in the design, manufacturing, and troubleshooting of RF devices and modules.
This long-standing expertise is the bedrock of their "Engineered to Outperform" philosophy.
Their commitment to research and development is evidenced by a portfolio of 13 registered
patents across Korea, the USA, and China, with an additional patent pending. This
inventive spirit is supported by a formidable suite of advanced design and simulation tools,
including industry standards like ANSYS HFSS for 3D electromagnetic simulation, Keysight
ADS for circuit simulation, Altium for automated circuit design, and SolidWorks and
ZWCAD for 3D/2D mechanical design. Furthermore, their in-house test and measurement
capabilities are extensive, featuring multiple Vector Network Analyzers (VNAs) operating up
to 50 GHz, signal generators, spectrum analyzers, and environmental test equipment such
as temperature/humidity chambers and thermal platforms. This combination of human
expertise and technological infrastructure enables 3Rwave to tackle complex filter design
challenges and validate performance rigorously.

5.2. AS9100D & ISO Certifications: A Commitment to Uncompromising Quality

Quality is paramount in the high-reliability sectors 3Rwave serves. Their AS9100D
certification, which is technically equivalent to EN 9100:2018 and JISQ 9100:2016, and
incorporates ISO 9001:2015, is a testament to this commitment. Specifically for aerospace
and defense applications, AS9100D mandates stringent processes for risk management,
counterfeit part prevention, configuration management, product conformity and
traceability, and rigorous supplier control. This certification is not merely a badge but
represents a deeply embedded quality culture and set of operational procedures that
ensure products consistently meet the highest standards. For customers, this translates
into reduced risk, enhanced reliability, and confidence in the components integrated into
their critical systems. Beyond AS9100D, 3Rwave also holds ISO 14001 certification for
environmental management, indicating a broader commitment to responsible
manufacturing practices. The combination of deep engineering experience and certified
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quality processes creates a high barrier to entry for competitors and provides strong

assurance to customers.

The following table highlights key advantages of 3Rwave's AS9100D certified filters for the
demanding aerospace and defense sectors:

Table 3: 3Rwave AS9100D Certified Filters — Key Advantages for
Aerospace & Defense

KEY AS9100D
FOCUS AREA

HOW 3RWAVE ADDRESSES
THIS (ILLUSTRATIVE)

BENEFITTO A&D
CUSTOMER

RISK MANAGEMENT
& MITIGATION

COUNTERFEIT PART
PREVENTION

CONFIGURATION
MANAGEMENT

PRODUCT
CONFORMITY &
TRACEABILITY

SUPPLIER CONTROL

Proactive identification and
mitigation of design,
manufacturing, and supply
chain risks throughout the
product lifecycle.

Robust material sourcing and
verification processes; strict
incoming inspection and
traceability of components.

Disciplined control over product
design, manufacturing
processes, and documentation
changes.

Rigorous testing and inspection
at multiple stages; detailed
records maintained for materials
and processes from raw material
to shipment.
Qualification and ongoing
monitoring of suppliers to
ensure they meet 3Rwave's
quality standards.

Increased product reliability,
reduced likelihood of field
failures, and enhanced
mission safety.

Assurance of genuine, high-
quality materials and
components, preventing
substandard or fraudulent
parts in critical systems.
Consistent product
performance, easier
replication, and clear history
for any future analysis or
upgrades.
Verifiable adherence to
specifications, full
accountability, and ability to
trace any issues back to their
origin.

Reduced risk from sub-tier
suppliers, ensuring the
integrity of the entire supply
chain.

5.3. Strategic Sourcing: A Reliable Korean Partner in a Complex Global Supply Chain

In today's complex geopolitical landscape, supply chain resilience and security are major
concerns, particularly for defense and critical infrastructure. There is a discernible market
trend towards seeking alternatives to components sourced from regions that may present
supply chain vulnerabilities or geopolitical uncertainties. 3Rwave, based in South Korea—a
key U.S. ally known for its high-tech manufacturing prowess—is strategically positioned as
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a stable, high-quality, and reliable sourcing option. Importantly, South Korea is subject to
export control regulations comparable to those of the United States, which is a crucial
consideration for defense-related technologies. This "Made in South Korea" aspect offers a
compelling proposition: advanced manufacturing capabilities combined with geopolitical
stability and regulatory alignment.

Furthermore, 3Rwave's emphasis on custom design coupled with fast prototyping (4-6
weeks from proposal agreement to prototype) offers a significant advantage in reducing
time-to-revenue for their customers. This agility is particularly valuable in dynamic sectors
like defense and new space, where rapid development and deployment cycles can provide
a critical competitive edge.

5.4. Innovations in Filter Technology

3Rwave's innovative capabilities are demonstrated through their diverse portfolio, which
includes advanced technologies like ceramic-filled waveguides, LTCC filters for mmWave
applications, and SIW structures. Their proficiency in designing filters for frequencies up to
40 GHz and power levels up to 2KW peak further attests to their ability to push
performance boundaries. While specific proprietary techniques are often closely guarded,
their investment in advanced simulation tools and their track record of developing custom
solutions for demanding applications in LEO satellites and Ku-Band systems point to
ongoing innovation.

The company's approach to "outsourcing Sl to partner for filters" can also be viewed as an
innovative and flexible business model. By focusing in-house resources on core RF filter
design and manufacturing excellence and leveraging an ecosystem of partners for certain
specialized system integration analyses or modeling, 3Rwave can maintain agility and
optimize resource allocation. This model is common in the semiconductor industry and
allows specialized firms to excel in their core competencies while efficiently bringing
complex products to market.

6. Richardson Electronics & 3Rwave: A Partnership Driving
RF Solutions

The strategic partnership between Richardson Electronics and 3Rwave is designed to
deliver enhanced value to customers by combining 3Rwave's specialized filter
manufacturing expertise with Richardson Electronics' global reach, deep application
knowledge, and engineering-led support. This collaboration extends far beyond a
traditional distributor-manufacturer relationship, aiming to provide comprehensive
solutions for complex RF challenges.
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Richardson Electronics distinguishes itself through an engineering-first model and a
consultative sales approach. This means their team is equipped to provide expert
technical advice, helping customers navigate 3Rwave's extensive filter portfolio to select or
define the optimal solution for their specific application requirements. This is particularly
crucial for custom filter designs where a thorough understanding of the end-system
performance goals is hecessary.

A core strength of Richardson Electronics is its design-in support and systems
integration expertise. They assist customers not just with component selection but with
the practical aspects of integrating 3Rwave filters into larger systems. This can involve
addressing interfacing challenges, managing thermal considerations, and optimizing
overall system performance. This capability is especially pertinent when considering
3Rwave's model of potentially outsourcing some system integration (Sl) aspects;
Richardson Electronics can act as a knowledgeable partner to the end customer, ensuring
seamless integration. This effectively de-risks the adoption of specialized filter technology,
as customers gain the assurance of Richardson Electronics' established market presence,
engineering support, and logistical capabilities alongside 3Rwave's product innovation.

Through its established global channels, Richardson Electronics provides expanded
market reach and enhanced visibility for 3Rwave's advanced technologies, particularly
into key RF and Microwave markets such as 5G infrastructure, aerospace and defense
(A&D), and satellite communications (SatCom).

This synergistic partnership offers distinct benefits to the end customer:

e Access to Specialized Technology: Customers gain access to 3Rwave's cutting-
edge, high-performance filter portfolio, including custom-designed solutions.

e Expert Application Support: Richardson Electronics' deep application knowledge
and global support infrastructure ensure that customers receive qualified
assistance throughout the design, development, and deployment phases.

e Streamlined Solution Pathway: The collaboration provides a more efficient path
from initial component consideration to successful system implementation.

e Reliable Long-Term Partner: Customers engage with a true technology solutions
provider committed to their success, rather than just a component supplier.

Greg Peloquin, Executive Vice President of Richardson Electronics' Power & Microwave
Technologies group, has highlighted the strategic fit: "S8Rwave's products offer exceptional
performance in leading very high frequency and very high power applications... These filters
are widely used by our customers in applications including RF and microwave
communications, test equipment, and radar; adding them to our product offering provides
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one-stop design support for our customers.”. Reciprocally, Yong-Ju Ban, President of
3Rwave, has stated, “Richardson Electronics' established global infrastructure, history and
leadership make them an important partner. We are pleased to work with their exceptional
global support and specialized technical team.”.

The joint marketing initiatives, including this white paper, are a clear indication of the
strategic depth of this partnership. The aim is to achieve mutual benefit by establishing
thought leadership in advanced RF filter solutions and by driving qualified inquiries for
sophisticated applications, underscoring a shared commitment to market development
and innovation.

7. Conclusion: Empowering Your Next-Generation
Systems

The escalating demands of modern space, military/defense, and RF energy systems
necessitate increasingly sophisticated RF filter solutions. Signal integrity, spectral purity,
power handling, and operational reliability under extreme conditions are no longer niche
requirements but fundamental prerequisites for mission success. This white paper has
explored the critical challenges inherent in these sectors and highlighted how the
advanced filter technologies from 3Rwave, delivered and supported by Richardson
Electronics, provide robust and effective solutions.

3Rwave's comprehensive portfolio—spanning Cavity, Waveguide, Ceramic, LC, LTCC,
Microstrip, and SSL filters—is built upon a foundation of "Robust, Reliable & Rational"
design principles and 25 years of engineering expertise. Their commitment to quality,
exemplified by AS9100D certification, ensures that their products meet the stringent
standards of the aerospace and defense industries. Furthermore, their capabilities in
custom design and rapid prototyping offer the agility needed to address unique application
requirements and accelerate time-to-market. As a South Korean manufacturer adhering to
high quality and comparable export control standards, 3Rwave also presents a strategically
sound sourcing alternative in a complex global supply chain.

Richardson Electronics amplifies the value of 3Rwave's offerings by serving as an expert
solutions partner. More than a distributor, Richardson Electronics provides critical
engineering-first design-in support, systems integration expertise, and access to a global
logistics and technical service network. This partnership empowers customers by de-
risking the adoption of specialized filter technologies and streamlining the path from
component selection to successful system deployment.
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Ultimately, the collaboration between Richardson Electronics and 3Rwave offers a
powerful combination of innovative filter technology and expert application support. This
synergy enables customers to overcome their most demanding RF challenges, enhance
system performance, and confidently develop their next-generation systems for space,
defense, and RF energy applications.

To explore how 3Rwave's advanced RF filters and Richardson Electronics' solution
expertise can address your specific project needs and empower your next-generation
systems, we encourage you to make contact. Our team of experienced RF engineers is
ready to provide expert consultation and assist in integrating these leading-edge
technologies into your designs.

Contact Richardson Electronics today to discuss your RF filter requirements and discover
the 3Rwave advantage. (Contact details or landing page link to be inserted here)
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