






































CHAPTER 3: High-Power SAW Filters Meet Demands of Modern Military,

Microwaves&RF LiBRARY A ‘l/ A Space, and Commercial Systems

3. High-power SAW filters
undergo extensive testing to
verify performance.

To ensure reliability and consistency, every SAW filter needs to be electrically tested
for critical parameters, such as center frequency, insertion loss, bandwidth, and rejection.
Characterizing SAW filters at 125°C and CW for 1,000 hours gives engineers confidence
that they will meet commercial, military, and space specifications.

Figure 3 shows results of SAW devices that went through rigorous testing. The devices
were tested for 760 hours at +37 dBm (5 W) at 125°C. Input power for both samples was
initiated at +33 dBm. Power was steadily increased, as shown in the plots on the right side,
until +37 dBm was reached.

SAW vs. Alternative Filtering Techniques
The new high-power SAW filters can be an attractive design choice compared to other

filtering options, such as bulk-acoustic-wave (BAW) filters, hybrid filters, and lumped elements:
BAW filters: A common alternative, BAW filters support frequencies above 1.4 GHz.

BAW performance has been known to suffer at lower frequencies, limiting the applications
in which they can be used. In addition, BAW filters handle power by channeling the
acoustic wave through the bulk of the substrate, requiring the metallized structures
and substrates to be stacked on top of each other. In a SAW filter, the acoustic wave is
channeled across the top of the substrate surface.
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Antenna Arrays Military Radar
Commercial Critical Infrastructure Military Radio Communications
(EMS/Fire/Police)
Base Stations Satellite
Electronic Warfare (EW) Smart Grid Communications

Common applications for high-power SAW filters.

Hybrid filters: A hybrid solution integrates a passive filter with an active filter. The
passive power filter addresses the low-order harmonic current while the high-order
harmonics are addressed by the active power filter.

Lumped elements: Lumped-element filters are passive filters that consist of the
necessary inductors (Ls), capacitors (Cs), and resistors (Rs) for the specific design
requirements. These technologies can handle the input power requirements but have
other design tradeoffs.

All of these are much larger than a SAW filter, and typically occupy up to 10X more space
compared to a SAW filter. SAW filters are also lighter and more cost-efficient compared to
the other filter technologies. Considered together, these features offer system designers
significant advantages for using high-power SAW filters.

Meeting Today’s Systems Needs

The ability of the new SAW filters to achieve input power of up +35 dB (compared to
+20 dB for conventional SAW filters) make them ideal for emerging space, commercial,
and military systems (see table) that rely on digital technologies and clean transmissions.
High-power SAW is also an attractive complement for designs using low-noise amplifiers
(LNAs) that integrate analog technologies.

Overcoming Signal Interference with SAW Filters

Increased RF clutter from an overcrowded RF spectrum, coupled with a mixture of
analog-digital technologies in smaller designs, are creating increased signal interference
challenges for a growing number of commercial, military, and space designs. A new
generation of high-power SAW filters enables higher power and tighter bandwidths in a
compact design with a wide temperature range, providing an efficient solution to modern
interference concerns.

to view this article online, I35 click here
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Taking RF components
from a concept to a
product in volume
production is a lengthy
process, but it can be
accelerated with the latest
automated testing and
validation solutions.

CHAPTER 4:

Advanced Load Test Solutions
Address Next-Gen Product
Development

BY ALIX PAULTRE, Editor-at-Large

he embedded electronic landscape is evolving and developing in a period of rapid
disruptive growth, driven by advances in core technologies as well as the increased
implementation of software-driven functionality. Fomented by these advances and
supported by an increasingly capable wireless infrastructure, today’s devices are be-
coming smarter, more highly integrated, and more connected than ever before.

This presents both challenges and opportunities to the electronic design engineering
community, as the new products and services created must be developed and manufactured
in an optimum and cost-effective manner. High levels of integration demand advanced test
and measurement tools to properly evaluate, validate, and determine compliance in smart
cloud-enabled things. This is especially critical when it comes to active RF components,
which must be tested for performance and compliance.

The Challenges in Advanced Electronic Test

When it comes to electronic design and development, the test and measurement tools
you use must be more capable than the devices they evaluate. Test equipment must be
faster and more precise than the device under test (DUT), while capturing huge amounts
of information and storing it for analysis. And this has to be done in a rapid, accurate, and
cost-effective manner.

There are a few things to consider regarding system development and prototyping in
terms of the design’s electrical requirements, and the testing and validation to ensure it
meets them. One of the challenges here is that it's getting harder, longer, and becoming
more protracted to meet the amount of testing required to ensure that the solutions are
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Pactiv transient and DC load testing tools help empower your product development

process, accelerating evaluation, characterization, and validation of power-delivery
schemes.

validated. ProGrAnalog aims to eliminate or to compress that testing significantly.

The second issue is development cost. A company can spend a significant amount of
money on device development, and the time to discover problems is not when it comes
out of the foundry and gets packaged to ship. A manufacturer wants to find out that the
board its putting the chip down on meets the power requirements specified before the chip
is available. ProGrAnalog’s solutions offer a way to emulate the power consumption of the
board, and the chips that will go down on it. This reduces critical system development and
validation time.

Increasing power density is another industry trend. One way to address that and get
power savings is by squeezing the silicon closer to each other, whether it's side-by-side or
stacked silicon. This increases power-management issues in the package, which becomes
harder to manage, as well as thermal issues and the need to get the heat out. These
aspects must also be tested, optimized, and validated in as efficient, and cost-effective,
manner as possible.

Power Emulators Address Validation Issues

Solutions like high-performance, large ASIC load power emulators enable systems
integrators to test and validate their designs in a cost-effective manner. Because of the
pseudorandom nature of various IC load profiles, the entire power-delivery system needs
to be tested exhaustively. The complexity and nonlinearity of the system means that
simulations must be verified against real-life testing, as there’s no substitute for actual
testing of a power-distribution network.

Addressing each of the stages in a product’s development cycle, LoadSlammer tools
provide a comprehensive testing methodology in conjunction with hardware- and software-
based functionality for consistent and exhaustive testing.
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LoadSlammer tools used in transient load testing can change the voltage load rapidly,
with a fast and controllable step transition rate, frequency, and duty cycle. They're also
able to handle arbitrary load profiles, with a low-impedance connection to the circuit board
and adequate dissipation capability. When it comes to the issue of accurately measuring
a current transition rapidly, current probe loops introduce far too much inductance to allow
for fast transients, and even chip resistors for current sensing must be compensated for
their internal inductance.

Part of the solution used is a form-factor-equivalent device that provides the same
socket as the chip interface to ensure complete validation of the power circuit. A chip’s
package design is often determined late in the design process, putting more pressure on
the system designer. Using a form-factor-equivalent interface that looks like the device
and behaves like the device from a transient and DC power perspective can speed
development and lower costs. The form-factor-equivalent device can emulate thermal
characteristics as well.

For example, Pactiv transient and DC load testing tools help empower the product
development process, accelerating evaluation, characterization, and validation of power
delivery schemes (see figure). Providing a platform for comprehensive testing, Pactiv
brings together the flexibility and ease of use of the Passive LoadSlammer adapter and
the functionality, power, and rise/fall times of the Active FFED solution.

Another is a programmable load cell array that makes it possible to perform fast AC
and DC measurements to develop a sophisticated understanding of behavior of a given
solution before implementing it into a system. Because LoadSlammer is vendor-agnostic,
fair comparisons can be made against various solutions quickly and accurately. Using
the LoadSlammer API enables third-party developers to test and optimize a product with
minimal interaction from the client.

Mounting time-to-market pressure brings more gravity to the complexity of testing. The
ability to emulate the power supply and its transient performance without the actual ASIC in
hand is critical to make sure that their power is validated for that product before getting direct
support from their distributor or from the manufacturer.

to view this article online, U35 click here
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RF filters are used by
Wireless systems to

filter and receive only

the required RF signal
from the wide range of
transmissions crowding the
spectrum.
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CHAPTER &:

RF Filters: Critical Components
In the Wireless Ecosystem

BY ALIX PAULTRE, Editor-at-Large

F and microwave filters are electronic components used to reject or accept a
specific selected frequency signal. This is done to eliminate noise or unwant-
ed signals.
A filter should have a low insertion loss (IL) in the passband, high isolation
and rejection out of band, a high Q factor, excellent passive-intermodulation
(PIM) performance, and, of course, be presented in a small cost-effective package
with efficient power handling, A sharp transition slope wouldn’t hurt either.

Depending on the material and technology used, many types of filters are
available. Among them are cavity filters, dielectric filters, coaxial filters, planar
filters, electroacoustic filters, and a host of others.

The worldwide RF front-end module market size was valued at $24.56 billion
in 2023, and is expected to rise to $83.21 billion by 2033, according to research
done by Spherical Insights & Consulting. This reflects the keystone functionality
provided by RF filters and their importance in the wireless industry. As the cloud
and the devices that rely on them continue to expand in reach and functionality, it
will only escalate their importance.

These critical components in wireless communication systems such as satellite,
mobile, radar, and IoT not only enable a device to use a specific frequency,
they also block the transfer of unwanted signal frequencies that can degrade
signal quality. Every wireless device must have some form of filtering to pass or
reject specific or multiple frequency bands. Generally using one or more coupled
resonators, they can be made by using transmission lines, waveguides, or passive
components.

Selecting the right filter for the communications system circuit will lead to a
higher-quality RF signal.
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3D Devices Offer Promise to Advance Wireless Communications

cientists at the University of Florida developed technology that uses CMOS processes to create
Sthree—dimensional devices that can significantly enhance the efficiency of RF filtering. As such, they
could ultimately transform the landscape of wireless systems. Unlike planar processors, which are lim-
ited by their two-dimensional structure and can only operate within a limited portion of the spectrum,
three-dimensional structures could address
more and different parts of it.

Led by Dr Roozbeh Tabrizian, an associ-
ate professor in UF’s Department of Elec-
trical and Computer Engineering, the team
developed the 3D device to enhance the
ability to transmit data more efficiently and
reliably. Tabrizian and his colleagues at the

Herbert Wertheim College of Engineering

leveraged semiconductor technologies in
integration, routing, and packaging to inte-
grate different frequency-dependent processors on the same chip.

Taking up less physical space while delivering enhanced performance, 3D processors have the poten-
tial for near-indefinite scalability. The ability to integrate different frequencies on one monolithic chip
would enable the creation of multiband, frequency-agile radio chipsets and empower new communica-
tion strategies. °°

Lego-Like Photonic Chip Expands Bandwidth and Filter Control

novel semiconductor architecture that integrates traditional electronics with photonic components
was developed by a team led by Dr Alvaro Casas Bedoya in the School of Physics at the University
of Sydney Nano Institute. The chip could have applications in advanced radar, satellites, wireless net-

works, and 6G telecommunications, and significantly expands the ability to operate in the RF bandwidth.

This expanded bandwidth capability also allows for advanced filter controls, creating a versatile new
semiconductor device with applications in advanced radar, satellite systems, wireless networks, and
telecommunications, as well as open the door to advanced sovereign manufacturing. Built using an
emerging technology in silicon photonics that allows integration of diverse systems on semiconductors
less than 5 mm wide. Pro-Vice-Chancellor (Research) Professor Ben Eggleton, who guides the research
team, likened it to fitting together Lego building blocks, where materials are integrated through
advanced chiplet methodologies.

Designed in collaboration with scientists at the Australian National University, the prototype was
created in the Core Research Facility cleanroom at the University of Sydney Nanoscience Hub, a pur-
pose-built $150 million building with advanced lithography and deposition facilities. The photonic cir-
cuit in the chip is able to address a 15-GHz bandwidth of tunable frequencies with spectral resolution
down to just 37 MHz.
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This innovative approach of inte-
grating advanced functionalities
into semiconductor chips, leverag-
ing the heterogeneous integration
of chalcogenide glass with silicon,
paves the way for a new genera-
tion of compact, high-resolution
RF photonic filters with wideband
frequency tunability. This is par-
ticularly useful in air and space-
borne RF communication systems,
enabling enhanced communica-

tions and sensing capabilities. **

Partnership to Accelerate RF Filter Design

A nsys announced an OEM partnership with SynMatrix to address RF filter design workflows, using Syn-
atrix’s RF filter design and optimization tools with HFSS electromagnetic simulation. Enabling accel-

erated development, the solution helps reduce project risk, and frees designers to more easily explore new
filter technologies.

The SynMatrix partnership will help simplify the development process while reducing the number of
software tools required, automating HFSS integration and Al optimization workflows to cut design time by
more than half. Automatically generating parameterized HFSS 3D models of common filter types, it delivers
predictively accurate simulation results.

Integrating SynMatrix RF filter design into the Ansys portfolio ensures accessibility and reliability, and it

empowers innovative design

exploration. Support is proac-
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plex solutions with demanding
requirements for shape, size,
and electrical specifications.
It’s also accessible to students
and educators through the
SynMatrix partnership with
the Ansys Academic Program,

and to qualified participants in
the Ansys Startup Program.e*
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BAW RFT Filters Serve Wi-Fi Automotive and Access-Point Applications

koustis Technologies released two new band-edge RF

ilter products for Wi-Fi automotive and access-point
applications, which are expected to ramp into production A10235
in the second half of calendar year 2024. The Wi-Fi/LTE Bl ras s e1]3{kya\[H3
coexistence BAW RF filters are designed specifically for the BAW FILTER
Wi-Fi 2.4-GHz band, covering channels 1 to 11, using XBAW
technology for minimal insertion loss with ultra-steep skirts

AKOUSTIS

at the band edge. Housed in a ceramic package measuring

1.1 x 0.9 mm, they can extend Wi-Fi range while ensuring
coexistence with LTE band 7, 38, 40, and 41. The filters can
be used in Wi-Fi routers, access points, extenders, mesh systems, mobile hotspots, ISM, and automotive.
Offering high performance, robust power handling, and high out-of-band rejection, the A10124 will be
AEC-Q200 qualified for automotive, providing reliable connectivity for vehicular applications. ¢

Wi-Fi UNII 5-8 Filter Features Low Insertion Loss

he Qorvo QPQ5601 is a high-performance, high-power, bulk-acoustic-wave
*® (BAW) bandpass filter (5945 to 7125 MHz) that offers steep skirts while also

Qorvo ®
QPQ5401

exhibiting low loss in the Wi-Fi UNII 5-8 band, with high near-in rejection in the
UNII 1-3 band. Features include a power handling to +28 dBm and an operating
temperature range from -20 to +95°C.

Specifically designed to increase performance in Wi-Fi applications than
systems with no or traditional filter solutions, it offers better capability to take
advantage of sub-banding the 6 GHz from 5-GHz Wi-Fi spectrum in use cases

such as tri-radio Wi-Fi mesh applications.

Looking for More?
Check out these links for more
product and solution news:
Top Stories of the Week

Products of the week

RF Components
Embedded Technoloqgy
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QPQ5401
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