Vol. 67 * No. 9 September 2024

F



4
R
%
>
[
>

s

Take the Lead
in RF Design

with COMSOL Multiphysics®

Multiphysics simulation is expanding the scope of RF analysis to higher
frequencies and data rates. Accurate models of microwave, mmWave, and
photonic designs are obtained by accounting for coupled physics effects,
material property variation, and geometry deformation. Ultimately, this
helps you more quickly see how a design will perform in the real world.

» comsol.com/feature/rf-innovation

W COMSOL



ADVANCED TECHNOLOGY nunn»nlllrm-m
FOR MISSION CRITICAL

APPLICATIONS

ISOLATORS & CIRCULATORS

SURFACE MOUNT, MICROSTRIP,
DROP-IN, COAXIAL
WAVEGUIDES

FILTERS & MULTIPLEXERS MICROWAVE ANTENNA

CERAMIC, SINGLE POLARIZATION
CERAMIC WAVEGUIDE, DUAL POLARIZATION
CAVITY & DISCRETE 6 GHZ TO 80 GHZ

+1-(888) 236-9828 (US) L FOR MORE PRODUCT INFORMATION
e +1-(630) 246-7833 (INTL) GET IN TOUCH WITH US

G US Operations JQIISTOEI(Q:ESC?IFS'?E:S&;:»?M European Operations
@ 1255 Armour Blvd., EERH e AT Via Palazetti, 22

Mundelein, IL 60060 — 40068 San Lazzaro di Savena BO
USA D4 SALES@JQLTECHNOLOGIES.COM ITALY ‘




UP TO 110 GHz

High-Frequency

Solutions

Amplifiers & Modules for mmWave Applications

WAVEGUIDE AMPLIFIERS

- Bandwidths from 40 to 110 GHz

- Low noise, high gain & medium power options
- WR10, WR12, WR15 & WR15 interfaces
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CISPR 25 Methodology
Enhances In-Vehicle
Infotainment Display EMC

Zong Si Wu and Jeng Shiou Leu

his article discusses miti-

gating the challenges
related to radiation emis-
sion non-compliance

while evaluating in-vehicle info-
tainment (IVI) displays per the
guidelines set forth by CISPR 25
automotive electromagnetic (EM)
compatibility standards. The re-
search shows that VI display sys-
tems infringe upon these stan-
dards, exhibiting radiation levels
that exceed the permissible limits
by 2.51 dB in the frequency band
ranging from 555 to 960 MHz. In-
depth analytical work pinpoints
the root cause of this excessive
radiation to be the printed circuit
board assembly (PCBA) embed-
ded within the VI screens. To coun-
teract this problematic scenario,
the study described in this article
finds that a fine-tuned adjustment
of a conductive foam gasket solves
the issue. The applied modifica-
tions substantially reduce radiative
interference, allowing the system
to comply with existing standards.
The study reported in this article
serves a dual purpose. First, it iden-
tifies the primary culprit behind the
elevated radiation emission levels
during CISPR 25 compliance as-
sessments and second, it presents
an effective remedial approach.
The findings offer considerable
practical implications for achieving

18

regulatory compliance in the auto-
motive electronics sector.

Addressing CISPR 25 Challenges in
IVl Systems

The research described in this
article advances the compliance of
IVI displays with CISPR 25" automo-
tive EM compatibility standards,?
identifying the PCBA as the primary
source of non-compliance. To en-
sure standards compliance, a novel
adjustment using conductive foam
gaskets was introduced to reduce ra-
diative interference significantly. This
approach offers a model for similar
diagnostics, contributing to the au-
tomotive electronics field by improv-
ing EM interference understanding
in IVl systems. The findings propose
practical solutions for maintaining
regulatory adherence, impacting
automotive design and testing and
supporting the evolution of more
refined EMC policies and standards.
This research, aimed at enhancing
vehicle safety and performance, pro-
vides a strategic framework for ad-
dressing EM interference, marking a
significant advancement in automo-
tive electronics.

Automotive Electronics Regulations

Radiated emissions regulations
for automotive electronics vary

globally but share core testing and
implementation principles. The FCC
in the U.S., ECE Regulation No. 10
in the EU and CISPR 25 internation-
ally set crucial standards for mini-
mizing interference and ensuring
EM compatibility. Japan’s VCCI and
China’s CQC contribute to a world-
wide regulatory framework, ensur-
ing the safety, reliability and com-
patibility of automotive electronics
across regions to support global
trade and consumer safety.

Radiated Emissions in Automotive
Electronic Products

Radiated emissions from auto-
motive electronics pose risks to
safety, performance, regulatory
compliance, brand reputation and
economic success. Emissions can
lead to health issues for occupants,
impair critical vehicle functions like
braking and navigation and dis-
rupt data exchanges in connected
vehicles. Compliance with interna-
tional emission standards is crucial
to avoid penalties, product recalls
or bans that can damage brand
image and lead to financial chal-
lenges. Conversely, meeting these
standards enhances market com-
petitiveness, consumer trust and
economic benefits, highlighting
the importance of rigorous testing
and control measures in automotive
electronics development.
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The Origin of CISPR 25

CISPR 25, established by the In-
ternational Special Committee on

Radio Interference under the In-
ternational Electrotechnical Com-
mission (IEC), is a key international
standard for EMI

TABLE 1 testing in vehicles,

ships and engines.

Created to ad-

dress RF interfer-

Frequency VHF-UHF Broad Broad High ence issues iden-
Directivity Omni Variable Directional Highly tified since 1934,
Usage Basic EMC Tests Spectrum Radar CISPR 25 focu?‘es
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to make a prototype.

Your finished hoard is
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of microwave engineers around the world take their
development time from days and weeks to minutes
and hours. In today’s race to market, it's like having
a time machine.

“You can’t beat an LPKF system
for prototyping. We do up to
three iterations of a design
within a day.”
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tors, evolving to manage the com-
plexities of EM interference with the
growth of automotive electronics. It
has gained worldwide recognition,
being incorporated into the regula-
tory frameworks of many countries
to ensure EMI compliance and the
standard plays a crucial role in miti-
gating EMI issues globally.

CISPR 25 Certification and Testing

CISPR 25, under the IEC, is es-
sential for EMI testing in vehicles,
ships and engines, focusing on in-
tegrity against EM disturbances.
Globally recognized, it guides regu-
latory compliance, detailing proce-
dures for conducted and radiated
emission tests to ensure EM com-
patibility. The certification process
involves preliminary review, testing
in certified labs and result analysis,
with ongoing updates reflecting
new technology. CISPR 25 certifica-
tion indicates EMC proficiency, en-
abling regulatory compliance and
commercial success. This standard
addresses the challenges of manag-
ing radiated emissions in automo-
tive electronics, guiding manufac-
turers in adhering to EMC standards
and solving issues.

Generating Radiated Emissions
Radiated emissions arise from
electronic devices when current and
voltage changes lead to EM wave
propagation. This propagation is
primarily due to rapid digital sig-
nal switching and clock oscillations.
Power supplies, Wi-Fi, Bluetooth
and mechanical components, like
motors, also contribute to these
emissions. Common-mode radia-
tion, where current flows uniformly
through conductors, is a significant
emission source, amplified by an-
tenna-like structures and resonant
frequencies. Mitigating these emis-
sions is vital for EM compatibility,
ensuring products meet standards
and maintain user safety and quality.

Mitigating Radiated Emissions
Mitigating radiated emissions
during electronic device design and
testing is crucial for regulatory com-
pliance and product quality. The de-
sign phase involves minimizing high
frequency component use, employ-
ing filters to limit unwanted fre-
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quencies, separating sensitive components from high
frequency components and implementing comprehen-
sive ground and power planes to reduce emissions.
Selecting low-emission components and incorporating

impedance matching enhances EMI mitigation.

Shielding Principles
Shielding involves the use of conductive or magnetic

materials to encase devices. It blocks or absorbs EM
waves from external and internal sources. The material
choice, considering conductivity, device proximity and
EM wave frequency, significantly influences shielding
effectiveness. Effective shielding strategies include en-
suring material-to-ground connectivity and minimizing
enclosure openings. In this study, conductive foam gas-
kets effectively reduced radiation emissions in the 555

F PK QP AV
requenc;
Test |  Frequency auency Limit Class BW Limit Class BW Limit Class BW
No. Band
3|4]|s 3|45 3 a5
(MHz) (kHz) (kHz) (kHz)
(dB(uV)/m) (dB(uV)/m) (dB(uV)/m)
Mobile Services
6 125 kHz 0.1...0.15 61 51 41 9/10 - -
84,015 ...
7 4 m/TETRA 87,255 47 41 35 120 - - 14 8 2 9/10
8 2 m/TETRA 146 ... 164 47 41 35 120 - - 14 8 2 9/10
167,56 ...
9 2 m/TETRA 169,38 47 41 35 120 - - 14 8 2 9/10
172,16 ...
10 2 m/TETRA 173,98 47 41 35 120 - - 14 8 2 9/10
11 SRD 300...330 46 | 40 | 32 120 - - 26 | 20 | 14 9/10
12 SRD 420 ... 450 46 40 | 32 120 - - 26 20 14 9/10
13 2-5G 555 ... 960 61 | 55 | 49 1000 - - 41 | 35 | 29 1000
A Fig. 1 Examples of limits for radiated disturbances-ALSE method.
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to 960 MHz frequency range from PCBAs. This dem-
onstrates the role shielding plays in mitigating EM ra-
diation, which is crucial for automotive electronics with
high frequency applications.

Shielding acts as a barrier to block EM field trans-

Broadband (Bilog)
Antenna
30 MHz - 1 GHz)

Biconical Antenna Log-Periodic Antenna
(30 MHz - 300 MHz) (200 MHz -1 GHz) (

@@%

A Fig. 2 Log-periodic antenna.8

A Fig. 3 Radiation measurement setup showing log-periodic
antenna.

Switches

mission, reducing product emission and preventing ex-
ternal radiation interference. Shielding efficiency, mea-
sured in dB, is the ratio of unshielded to shielded wave
amplitude. This ratio includes absorption losses, surface
reflection losses due to impedance discontinuities and
internal reflection losses. A high shielding efficiency
value reflects a method that reduces radiated energy
propagation. Clayton R. Paul3-> has proposed examples
of such methodologies, where gaskets are modified to
prevent emission leaks.

EXPERIMENTAL DESIGN

Testing to verify radiated emissions involves EMC
simulations and lab tests to identify and address exces-
sive radiation, using shielding, filtering and grounding
techniques to ensure compliance with standards like
FCC, CE or CISPR.

TABLE 2
ANTENNA SELECTION FOR EMI TESTING
Recommended
Frequency Range Antenna Polarization
150 KHz to 30 MHz Monopole Vertical
30 MHz to 300 MHz Biconical Horizontal & Vertical
200 MHz to 1 GHz Log-Periodic Horizontal & Vertical
30 MHz to 1 GHz Broadband Horizontal & Vertical
1 GHz to 2.5 GHz Horn Horizontal & Vertical

Ci Qualwave
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Testing Radiated Emission
Frequency Bands

Radiated emissions testing for
automotive electronics mandates
simulating real-world vehicle con-
ditions, documenting operational
parameters, like load and voltage
and specifying device orientation in
the test plan. Measurements need
vertical polarization for frequen-
cies up to 30 MHz and require both
polarizations up to 2500 MHz, per
CISPR 25:2016. Recommended an-
tennas include the rod for VHF/UHF
frequencies, biconical for wideband
use, log-periodic for its broad range
and directionality and horn for high

gain in microwave
TABLE 3 bands. This struc-
tured  approach
ensures consistent,
EMI test receiver Keysight N9038A safgty—compllant
testing across the
EMI test receiver R&S ESR 7 automotive indus-
Pre-amplifier EMEC EM330 try. Table 1 shows
Pre-amplifier EMCI EMCO51845SE some  characteris-
Coaxial cabl Huber+Suh SUCIFLEX tics and applica-
OaXlal Cable uber+suhner tions Of these an-
Coaxial cable Huber+Suhner SUCIFLEX tennas.
Monopole antenna SCHWARZBECK VAMP9243B Radiated
Biconical antenna SCHWARZBECK VHB9124/BBA9106 | Interference
Log-periodic antenna | SCHWARZBECK VULP9118A Limitations — ALSE
Horn antenna SCHWARZBECK BBHA9120J Meglod g )
ccording to the
LISN FCC FCC-LISN models CISPR 25 standard,
LISN FCC FCC-LISN models the absorber_lined
Loop antenna SCHWARZBECK FMZB 1513-60 shield%o; enclosure
Software EZ-EMC5A2 NA (ALSE)>”  method
for measuring ra-
diated interference includes five

distinct classes of limitations. Each

class has its specific radiated inter-

ference limits, which are clearly out-
lined in the respective tables:

e Class 1 is the most lenient cat-
egory, suitable for scenarios less
sensitive to radiated interference

* Class 2 imposes stricter limita-
tions than Class 1 and is com-
monly used for general vehicle
components and modules

e (Class 3, a medium-level restric-
tion, is often considered the min-
imum acceptable standard by
most vehicle manufacturers

e Class 4 includes more stringent

80
70 FSK_RE 3.4.47MS‘7C57555M=5725M71O‘OOk (peak) H
60 H
50 -
E 40 AN/ 3 3
E 30 BBV~ S v S e S X- Peak
2 20 S PRI PR
10
0
-10
-20
-30
-40
555 960
MHz
No. | Frequency | Reading | Correction Result Limit | Margin|Detector | P/F
(MHz) (dBuV) |Factor (dB/m)|(dBuV/m)|(dBuV/m)| (dB)
1 804.500 47.59 -7.37 40.22 49.00 -8.78 Peak P
2 | 806.500 | 38.85 -7.34 31.51 29.00 2.51 AVG F
3 924.000 43.35 -5.83 37.52 49.00 |-11.48| Peak P
4 924.000 35.52 -5.83 29.69 29.00 0.69 AVG F
Radiation emissions results.
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limitations for applications that

are particularly sensitive to radi-

ated interference

e Class 5, the most rigorous cat-
egory, is reserved for special ap-
plications with extreme sensitivity
to radiated interference.

These classification levels enable
vehicle manufacturers and suppliers
to choose suitable restrictions for
their needs, ensuring radio system
stability across different environ-
ments. Figure 1 shows the ALSE ra-
diated disturbance limits for various
mobile service applications.

Most end users require passing at
least a Class 3 level of performance.
The study reflected in this article
confirms that the 555 to 960 MHz
frequency band meets CISPR 25
standards, emphasizing the impor-
tance of these classes in maintain-
ing compliance and system reliabil-
ity. The 555 to 960 MHz frequency
range, part of the broader 200 MHz
to 1 GHz spectrum, requires a log-
periodic antenna, like the example
in Figure 2, for EM interference
testing.

When measuring specific fre-
quency bands, the measurement
environment? has been designed
and the antenna has been chosen
in accordance with the CISPR 25
regulations. Figure 3 illustrates the
setup concept for the measurement
environment. Table 2 shows the
frequency response and polariza-
tion capabilities of various antenna
types. In this case, the measure-
ment frequency band is 555 to 960
MHz and the log-periodic antenna
is the best solution.

The antenna setup involves me-
ticulous positioning and orienting the
antenna to maximize testing accu-
racy. The setup process specifies the
distance between the antenna and
the equipment under test and details
the frequency range the log-periodic
antenna covers. Additionally, the us-
age scenarios for vertical and hori-
zontal polarization are outlined, which
may vary depending on the testing
frequency range. Representative ex-
amples of all necessary measuring
instruments, like spectrum analyzers
and cables, are listed in Table 3 with
guidance on their connections.

The test environment may also
be described with specific require-
ments, such as anechoic or low-re-
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flection chambers, to ensure con- conditions. It is important to note

sistent and comparable test results  that this is a generalized explana- In the radiation emission tests,

across different testing sites and

Add the Gasket (EMC)

Identifying the problem area.

tion and the spe-
cifics can vary with
different  editions
or revisions of the
CISPR 25 standard.
The setup outlined
provides a refer-
ence standard for
experimenters  to
ensure reliable
testing outcomes.
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spanning the frequency range of
555 to 960 MHz, values exceeding
the limits were identified, particu-
larly at specific frequencies. Nota-
bly, the average radiation levels at
the 806.5 MHz frequency exceeded
the prescribed limit by 2.51 dB and
the measured result at 924 MHz was
0.69 dB higher than the standard.
The graph of the results and tabu-
lated data is shown in Figure 4.

A particular focus has been placed
on the 806.5 MHz frequency to ad-
dress these non-compliance issues,
where the deviation was most sig-
nificant. Drawing from the stringent
criteria outlined in Class 5, as out-
lined in Figure 1, both peak and av-
erage emission limits are defined at
49 dBpV/m and 29 dBpV/m, respec-
tively. Any frequency exceeding these
thresholds is considered a failure that
necessitates remedial actions. Figure
1 delineates more lenient criteria un-
der Class 3 and Class 4, with peak lim-
its of 61 dB/m and 55 dB/m and aver-
age limits of 41 dB/m and 35 dB/m,
respectively. The test details reveal
that for average emissions, the 806.5
MHz frequency showed a reading of
31.51 dB/m, surpassing the limit by
2.51 dB and the 924 MHz frequency
registered 29.69 dB/m, exceeding
the limit by 0.69 dB. For peak emis-
sions, the 804.5 MHz and 924 MHz
frequencies measured 40.22 dB/m
and 37.52 dB/m, respectively, well
within the Class 5 peak limit, there-
by not exceeding the stringent 49
dBpV/m limit.

Testing circuit boards used in au-
tomotive electronic screens with a
near-field probe detected excessive
EM interference that could potential-
ly affect screen function. The result
showed notable spikes at specific
frequencies, suggesting circuit insta-
bility. Despite recording peak values,
the measurement equipment only
indicated high noise levels without
providing detailed insights, hinting
at issues such as unstable power, in-
adequate grounding or component
failure. Additional tests are needed
to pinpoint the noise source and ad-
dress it effectively.

Implementing the Conductive Foam
Solution
The region indicated in Figure 5
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cluding the initially
problematic 806.5
MHz and 924 MHz.
Despite all inter-
vals passing upon
retest, caution is
advised due to val-
ues nearing failure

A Fig. 6 Implementing the conductive foam.

was identified as the cause of the os-
cillations that pushed the measured
results past the limits highlighted in
Figure 4. This effect occurred after
mounting the PCBA within the chassis.
Before the assembly of the chassis, this
specific area did not exhibit high noise
levels. The conjecture is that the noise
increase in this area could be due to
the assembly of the chassis, which
contains metal components.

To address this issue, foam en-
cased in a conductive fabric was
used to encapsulate the metal area.
After this modification shown in Fig-
ure 6, subsequent measurements
with a near-field probe showed an 8
dB reduction in noise. This demon-
strates the effectiveness of employ-
ing conductive foam in reducing
noise in areas prone to oscillation.

Initially, radiation at the 806.5
MHz frequency exceeded limits by
2.51 dB. Retesting after the foam
was installed revealed an 8 dB im-
provement at the 790 MHz, signifi-
cantly better than the original levels
and confirming the foam'’s effective-
ness across multiple frequencies, in-

thresholds.  Nota-
bly, retests at 806.5
MHz and 924 MHz
showed compliance with CISPR 25
standards, which prescribe limits for
various types of EMI measurements
to ensure the operational integrity
of automotive components and that
the components do not cause and
will not suffer from interference. The
retest results are shown in Figure 7.

CONCLUSION

This study identifies an issue with
radiation exceeding the CISPR 25
standard limits in automotive elec-
tronic vehicle information system
screens. The study pinpointed the
PCBA used in the screens as the
primary radiation source. A signifi-
cant improvement was achieved by
modifying a gasket with conduc-
tive foam, effectively reducing the
radiation levels. The excess radia-
tion presents a compliance threat
that could prevent the product from
legally entering the market, affect-
ing both the development cycle
and costs. The identification of
the PCBA as the primary radiation
source underscores the necessity

80
I I
70 FSK_RE 3.4.4_MS_C5_555M=5725M_1000k (peak) [
60 H
50
40 1 3 5
E 30 = W“X. SV WS aadpeak
> ¢ X 6
S 20 s
@
© 10
0
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-20
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-40
555 960
No. | Frequency | Reading | Correction Result Limit | Margin|Detector | P/F bl
(MHz) (dBuV) |Factor (dB/m)|(dBuV/m)|(dBuV/m)| (dB)
1 592.500 | 40.86 -9.98 30.88 49.00 |-18.12| Peak P
2 | 592.500 | 28.15 -9.98 18.17 29.00 |-10.83| AVG P
3 | 790.000 | 39.55 -7.51 32.04 49.00 |-16.96| Peak P
4 | 790.000 | 29.88 -7.51 22.37 29.00 | -6.63 | AVG P
5 | 936.000 | 38.66 -5.83 32.83 49.00 |-16.17| Peak P
6 | 943.000 | 26.30 -5.74 20.56 29.00 | -8.44 | AVG P

A Fig. 7 Radiation emissions results with the conductive foam.

30

for design improvements focused

on this area.

However, the scope of the study
is limited to the 555 to 960 MHz fre-
quency range. Itis specific to a partic-
ular model of automotive electronic
screens, which may not be universally
applicable across other models or
brands. Future research should en-
compass a broader frequency range
and investigate why the PCBA is a sig-
nificant radiation source, considering
more comprehensive improvement
strategies. Additionally, evaluating
other radiation reduction technolo-
gies or materials beyond conductive
gasket foam and conducting experi-
mentson a |arger sca|e across various
automotive electronic devices would
expand the applicability of this studly.
This research lays the groundwork for
addressing specific radiation issues,
proposing using conductive gasket
materials to shield against radiated
emissions. While conductive foam
installation offers an effective way to
mitigate the issue, the exact source
of emissions is unknown, suggesting
further investigation is needed to en-
sure compliance with regulations. B
I
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Flat Panel Antennas: Why We
Need Industry Collaboration to
Foster Innovation

Joakim Espeland
QuadSAT, Odense N, Denmark

was recently involved in the

Satcoms Innovation Group

(SIG) and Global Satellite Op-

erators Association (GSOA)
roundtable at Satellite 2024 and
subsequent webinar. The two
groups are working together to
spearhead an initiative aimed at
enabling innovation around flat
panel antennas (FPAs) without
risking the all-important quality
of services. FPAs bring a number
of crucial benefits that will be key
to enabling the next generation
of satcoms. Their lightweight na-
ture, coupled with the ability to
allow instantaneous beam steer-
ing, makes them ideal for comms-
on-the-move, where the position is
constantly changing. At the same
time, the high reliability and low
latency afforded by these antennas
will be important both for low Earth
orbit (LEO) and multi-orbit environ-
ments. However, a number of chal-
lenges currently stifling innovation
need to be addressed. One thing
that is clear is that the industry
simply cannot get there without
collaboration and QuadSAT looks
forward to being an integral part of
this joint project.

CURRENT MARKET DYNAMICS

While the satellite industry re-
mains largely focused on parabol-

32

ic antennas, the number of FPAs
have been growing significantly. In
a recent webinar, it was stated that
there are 196 FPA manufacturers
around the globe. This is backed
up by a recent report by NSR,!
which states that the FPA market is
due to grow significantly over the
coming years. While mobility, gov-
ernment and military are the major
revenue growth areas, low-cost ter-
minals for broadband have the po-
tential to see a substantial increase
in revenues.

Of course, we are already seeing
widescale adoption of these sys-
tems in operation. There are thou-
sands already in service, especially
on airlines and boats, for example.
These environments need multiple
links to multiple satellites and FPAs
are the only way to achieve that,
making them not only ideal but, in
fact, a necessity.

Despite this, the quality var-
ies greatly between manufactur-
ers and as we see more and more
coming into operation. When this
challenge is coupled with the stag-
gering growth of satellites in or-
bit, with some public estimates
claiming that 65,000 satellites will
be in orbit by the end of this de-
cade, the problem will only grow.
At the same time, manufacturers
have huge cost pressures on them,
with customers expecting low-cost
systems. While most manufacturers
are ultimately striving to provide
the most reliable, lowest cost of
ownership system, this can be com-
plex to achieve and even harder to
prove due to the lack of regulatory
requirements.

At the same time, many non-
GEO satellite operators have
been making their FPAs, meet-
ing their own very specific re-
quirements. Meanwhile, antenna
manufacturers need to design
their antennas according to mul-
tiple requirements from differ-
ent operators, none of which are
particularly clear right now. This is
further complicated by the varied
use cases these antennas are be-
ing deployed for, each with very
different requirements and expec-
tations. As applications increase,
this will become more complex.
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THE COMPLEX NATURE OF
TESTING AND QUALIFYING FPAS

As mentioned above, FPAs are
low profile with high reliability,
thanks to a lack of mechanical parts,
with much lower latency than para-
bolic antennas. All of this, plus the
ability to create multiple beams,
is @ must for LEO and multi-orbit
environments. They do have some
disadvantages, the main one being
that they are typically less efficient,
as there is a more lossy RF distribu-
tion network. Some of this can be
mitigated by having individual el-
ements addressable and the elec-
tronics built into the back of them.
They also introduce a number of
technical challenges that make the
operation more complex and com-
plicate testing. For example, as
you sweep the antenna pattern off
its normal axis, the gain decreases
by about cosine of the scan angle.
This means that you can lose up-
wards of 15 dB in gain, as well as
increase the beam width, which can
cause interference.

These challenges make testing
more important than ever. Howev-
er, this is not as easy as it seems for
several key reasons listed below.

Existing Test Methods Do Not
Translate to FPAs

Current test facilities are built for
dish antennas, with one beam and
beam state. FPAis ushering in multi-
beam and a dynamic beam state.
With FPAs, unlike parabolic anten-
nas, the radiation pattern changes
depending on the steering angle.
Properly testing how they will per-
form requires testing of the entire
radiation pattern, something that is
both complex and time-consuming
using traditional testing methods.

With established test facilities, it
is often not possible to change the
test setup once established, which
does not allow the flexibility that
is often needed for testing differ-
ent types of antennas with different
specifications. Often, a simulator is
used instead. However, it relies on
an assumption rather than being
able to see the real behavior of the
antenna under test. This is a prob-
lem, especially when you consider
that errors could be easily intro-
duced on specific antennas during
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the manufacturing process.

Testing Mistakes Produce False
Data

Satellite operators and manufac-
turers alike need to be able to rely
on the test data being provided.
Without a dedicated testing proce-
dure, it is very difficult to provide
the correct performance informa-
tion to cover every type of applica-
tion. If the data cannot be trusted,
it will simply be ignored. Testing
FPAs, therefore, requires a new ap-
proach and proof that the perfor-
mance data is reliable.

There is No Standardized Approach

One of the main things the SIG
and GSOA projects aim to ad-
dress is the need for a standard-
ized approach. The previous Satel-
lite Operators Minimum Antenna
Performance (SOMAP) group es-
tablished a common agreement
on performance expectations and
data requirements among the ma-
jor satellite operators. However, it
only applies to parabolic anten-
nas. For FPAs, not only is there no
agreed-upon common approach,
but there are also no guidelines
from individual satellite operators.
The approach for parabolic anten-
nas cannot simply be translated be-
cause of the challenges mentioned
above.

Why We Need Standardized Testing

Standardization is extremely
important because, without it, we
are stifling innovation. Manufactur-
ers need the guidelines because,
without them, it is difficult to de-
velop new systems that will be ap-
propriate for the market. Without
that innovation, it is harder to push
boundaries without knowing the
desired outcome. A lack of stan-
dards also increases the barrier to
entry for newcomers, as it is chal-
lenging to understand how they
can fit into the market and ensure
compatibility. In a world where sat-
com is facing not only internal com-
petition but also external competi-
tion from other technologies, the
industry needs to ensure it is not
left behind due to its lack of stan-
dards.

Due to the lack of guidelines,
everyone is working in the dark.

With no real guidance on what data
needs to be provided, manufactur-
ers often find themselves providing
more than necessary. This is not
ideal for either party, as the satel-
lite operators have far too much
data to trawl through to get the in-
formation they need to qualify an
antenna. This is making the entire
test and qualification process far
less efficient than it should be for
everyone involved.

How Do We Get There?

Getting to a point where there is
a standardized approach for FPAs
will require input from across the
entire industry. It cannot be solved
by one person, company or even
group alone. We need to move
forward, but once the industry has
agreed, we should aim to have
any guidelines and/or standards
stamped and sealed by regulatory
organizations.

That said, it will be a huge un-
dertaking and one that will need to
build into milestones with clearly
defined roles. Antenna manufactur-
ers, for example, have a role to play
in suggesting and outlining perfor-
mance metrics they believe should
be provided, as well as highlight-
ing what is and is not realistic to
achieve. Testing solutions and ser-
vice providers, such as QuadSAT,
need to suggest new approaches
to testing FPAs that better address
their complex nature. QuadSAT has
done a number of test scenarios us-
ing their drone technology that are
better able to give a more holistic
view of the antenna under test.

Of course, there may be other
solutions. If we jointly suggest
possible approaches, this can be
encapsulated in the guidelines to
ensure the right approach is used
for the right type of antenna and
application. Of course, satellite op-
erators are an extremely important
part of this puzzle, as they will ulti-
mately need to define and approve
any suggested procedures, ap-
proaches and performance metrics
that will work for their networks. B
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OCTAVE BAND LOW NOISE AMPI.IFTERS

Model No. Freg 6tz Gain @) MIN  Noise Figure (dB) Powerou’r@PldB 3rd Order ICP~ VSWR
CA01-2110 2 AX, 0.7 +20dBm  2.0:]
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:]
CA24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +10 MIN +20 dBm  2.0:1
(A48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:]
CA1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPI.IFIERS

CA01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:]
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA23-3111 22-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
CA23-3116 2.7-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:]
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:]
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A1315-3110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:]
(A34-6116 3.1-3.5 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
(A56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CAB12-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:]
CAB12-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41dBm  2.0:]
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
(A1415-7110 14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(A1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fregi (6Hz)  Gain @8) MIN  Noise Figure (8)  Power-out@pids 3rd Order [P VSWR
(A0102-3111 0.1-2.0 28 1.6 Max, 1.2 + +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Max, 1.5 TYP +10 MIN +20dBm  2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
(A0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
(A02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:]
(A26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
(A618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:]
(A218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 BBm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq Gtz  Input Dynamic Range Ou'rput Power Ru e Psat  Power Flatness dB  VSWR
CLA24-4001 2.0-4.0 -28 t0 +10 dBm +7to+11 + 2.0:1
(1A26-8001 20-60  -50to+20 dBm +1410+18 dBm +/ 15MAX 2.0
(lA712-5001  7.0-124  -2110+10 dBm +14 10 +19 dBm +/-15MAX  2.0:1
(lA618-1201  6.0-18.0  -50 fo +20 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (GHz)  Gain (dB) MIN  Noise Figure (@8)  Power-out@P1d8 Gain Attenuation Range VSWR
CA001-2511A  0.025-0.150 21 5.0 MAX, 3. +12 30 dB MIN 2.0:1
CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 25 MAX T5TYP +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 15TYP  +12 MIN 15 dB MIN 1.9:1
CAT1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 2.0 TYP  +18 MIN 20dBMIN  1.85:1
LOW FREQUENCY AMPLIFIERS

Model No Fre(i GHz)  Gain @) MIN  Noise Flgure dB  Power-out@pid  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211 0.04-0.15 24 35 MAX, 2.2 TYP +13 MIN +23 dBm 2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:]
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0
(A002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm 2.0
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Everyday Life, Improved by Light:
GRYPHON’s Photonic Discoveries

F and microwave signals are integral carriers
of information for technology that enriches
our everyday life, such as cellular communi-
cation, automotive radar sensors and GPS navigation,
among others. At the heart of each system is a single-
frequency RF or microwave source, the stability and
spectral purity of which is critical. While these sources
are designed to generate a signal at a precise frequen-
cy, in practice the exact frequency is blurred by phase
noise, arising from component imperfections and en-
vironmental sensitivity, that compromises ultimate sys-
tem-level performance.
This reality drives undesirable tradeoffs between per-
formance, environmental sensitivity and size that make
the simultaneous achievement of stability, precision and
agility in an ultra-compact form factor an elusive feat.
However, DARPA's Generating RF with Photonic Oscilla-
tors for Low Noise (GRYPHON) program could change
all of that, as performers recently demonstrated in the
first phase of the program aimed at developing com-
pact, ultra-low noise microwave frequency oscillators.
GRYPHON  performers,
using different light-based
approaches, have made
E critical  progress  toward

generating high-purity mi-
crowaves in significantly
reduced form factors. By

GRYPHQN integrating low noise lasers

GRYPHON (Source: DARPA) With complex optical struc-
tures on low loss photonic

platforms, along with high
speed integrated circuits, researchers have established
the viability of achieving ultra-low phase noise perfor-
mance and shrinking these capabilities from conven-
tional table-top sizes down to microchip-size form fac-
tors.

“The results and impact from Phase 1 of GRYPHON
really show what is possible. For the first time, we are
seeing how integrated photonics allows us to break
from the traditional size vs. performance vs. capability
trade space and operate in a regime with exquisite per-
formance that is exponentially better than current state
of the art,” said Dr. Justin Cohen, GRYPHON program
manager. "Better and faster communications, more ac-
curate sensing, improved detection capabilities — this
work could disrupt and advance countless applica-
tions.”

The research findings of GRYPHON's performers
were recently featured in Science and Nature journal
articles, as well as via the National Institute of Standards
and Technology, highlighting the work of contributing
NIST researchers and their team. Now in Phase 2, GRY-

For More
Information
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DefenseNews W2
Cliff Drubin, Associate Technical Editor I |

PHON researchers are seeking to further reduce phase
noise in their already high performance sources while
introducing tunability and compactifying to targeted
form factors, all of which aim to provide systems with
unprecedented utility and access to previously unat-
tainable applications.

L3Harris Demonstrates EW Operations
During Valiant Shield 2024 Exercise

3Harris Technologies successfully demon-
strated its new electronic warfare (EW) ca-
pability in the U.S. Indo Pacific Command’s
(USINDOPACOM) Valiant Shield 2024, a biennial field
training exercise focused on integrating interoperabil-
ity in a multi-domain environment. The company’s new
capability, Distributed Spectrum Collaboration and Op-
erations (DISCO™), is a cloud-connected electromag-
netic spectrum operations architecture that will enable
military forces to counter complex threats.

During the
exercise, DiS-
CO  success-
fully  shared
real-time  RF
signal  data
between Joint
Base Pearl
Harbor-Hick-
am, Hawaii,
and multiple
EW payloads operating in Hawaii and in San Diego,
Calif. Small form factor payloads operated on two Sea-
sats’ autonomous surface vehicles along with satellite
communications links at both locations. L3Harris op-
erators also received real-time information from sensors
through the cloud and initiated rapid reprogramming
actions over-the-air from Hawaii and a remote company
terminal in Clifton, N.J.

“DiSCO helps the warfighter to identify new threats
through the use of artificial intelligence and machine
learning tools to rapidly reprogram EW systems at the
edge and make more informed, faster decisions across
a network of distributed platforms,” said Ed Zoiss,
president, space and airborne systems, L3Harris. “Ulti-
mately, our technology will ensure tactical forces have
the tools they need for spectrum superiority.”

This capability connects sensors and shooters to
computer resources and cross-domain data sources
through a combination of edge nodes and cloud appli-
cations, fusing and analyzing live mission data to enable
rapid reprogramming, electromagnetic battle manage-
ment and synchronization of non-kinetic effects across
all domains.

DiSCO (Source: L3Harris Technologies)

Visit mwjournal.com for more defense news.
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Wearable Secure Wireless
Hub for Advanced Network
and Edge Communications

iasat, Inc. recently an-
nounced the introduc-
tion of the Secure Wire-
less Hub (SWH), a wearable tactical

gateway solution for dismounted
soldiers that is easy to carry and
simple to use. The SWH solution
was developed as part of a multi-
phase effort with U.S. Special Op-
erations Command (USSOCOM)

to identify and develop advanced
tactical communications capabilities
for mobile ground forces.

\
\
v" Weighingin at 6.5 Oz while providing up to 40 W of power output in a ﬁ\ |{
\

v’ Designed with the latest in high-speed switching circuitry & GaN\\ e

v' Seamless integration with most RF platforms & modulation sﬁh e

v’ Available in OEM / PCB only versions for custom builds || ' |
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tem # Freq Tx Power TxGain InputMin Input Max RxGain NF Max Rx Current  Voltage
(MHz) (Wats) (dB) (dBm) (dBm) (dB) (Rx) (Amp) (mA) Vec)
70160 225~3000 20 12 5 34 12 <3 16 110 48
70460  4400~6000 40 26 -4 28 10 <5 22 30 28
70512 30-512 100 14 0 37 16 <3 86 85 28
90325 902~928 25 20 0 24 24 <35 13 150 28
24620 24002500 20 20 0 24 18 <35 18 55 28
70235  500~2600 100 12 5 39 2 <35 6 30 48
70140 1800-4200 40 20 0 24 12 <35 25 110 28
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.. snln!!" 12910 Cloverleaf Center Dr. Gen'nanto%\ MD 20874
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SWH (Source: Viasat, Inc.)

The SWH is the first wearable ad-
dition to Viasat's portfolio of tacti-
cal gateway solutions, providing a
flexible, all-in-one design to enable
faster set up for warfighters to im-
prove user experience and support
situational awareness within min-
utes. With a base of less than one ki-
logram, the SWH system offers sig-
nificantly reduced size, weight and
power to seamlessly integrate with
body armor without adding unnec-
essary weight. In addition to reduc-
ing the physical load soldiers carry,
the SWH provides an 85 percent
reduction in cabling compared to
other wearable hub systems, further
simplifying ease of use for ground
operators.

Viasat's SWH is designed to pro-
vide the capability of much larger
systems to meet expanding require-
ments for tactical edge compute
and networking in a small form fac-
tor for dismounted users. As a com-
plete solution, the SWH will offer a
body-worn tactical gateway that can
provide a level of interoperability
only previously seen in larger transit
boxes that are too big for dismount-
ed operations. Viasat’s mobile soft-
ware defined networking platform,
NetAgility, will enable the SWH to
use various tactical transports and
advanced networking capabilities to
improve situational awareness and
data exchange. The edge compute
capability will also offer a secure
VPN, allowing the use of multiple
transports and waveforms across a
range of devices to provide resilient
connectivity and safely share critical
battlefield information.
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Satellite Network Operators to Launch
15,000 New Satellites Over Next 5 Years to
Support loT Growth

new study from Juniper Research has found

that the number of satellites in orbit that can

be leveraged for loT connectivity will grow
150 percent over the next five years.

The study predicts that these satellites will grow from
10,000 in 2024 to over 24,000 by 2029; owing to in-
creased demand for connectivity in nomadic locations
from loT network users. It forecasts that 98 percent of
satellites launched over
the next five years will be
low earth orbit (LEOs),
due to the low cost of
launches.

To meet this growing
demand for satellite loT
connectivity, the study
urges substantial invest-
ment in multi-orbit satel-
lite solutions. This model combines the low latency and
high throughput from LEO satellites and the extensive
geographical coverage of geostationary earth orbit
(GEO) satellites over a single service. This will enable
satellite IoT providers to cater for the wide spectrum of
loT use cases, including data-intensive and low power,
wide area connections.

The study urges satellite network operators to form
strategic partnerships that fill in coverage gaps be-
tween LEO and GEO capabilities. It identified construc-
tion and infrastructure, and logistics, as two key growth
opportunities. It found that the wide range of connec-
tivity requirements, such as nomadic operational areas
and conditional monitoring, necessitate the use of both
LEOs and GEOs for complete service provision. Part-
nerships that enable the use of LEOs and GEOs for loT
networks will be essential to attract enterprise users in
these sectors.

Study urges
substantial investment

in multi-orbit satellite
solutions.

NTN and Direct-to-Cellular Markets to
Exceed US$17B by 2032, with Apple and
Starlink Leading the Charge

he non-terrestrial network (NTN) market is
entering a new mass adoption phase. Dur-
ing 2H 2024, iOS release 18 and Android 15
are set to introduce satellite messaging as a core fea-
ture, enabling millions of devices worldwide to tap into
satellite connectivity. At the same time, SpaceX's new
direct-to-cellular (D2C) Starlink network is expected to
launch commercial services in 2H 2024, enabling mil-
lions of LTE devices using Android 15 to access satel-

For More
Information
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CommercialMarket
Cliff Drubin, Associate Technical Editor

lite connectivity. According to a new report from ABI
Research, the total connection revenue generated from
the NTN and D2C markets will reach US$17 billion a
year by 2032, representing a compound annual growth
rate of 39.8 percent.

With the rapid deployment of non-geostationary or-
bit D2C networks like Starlink, AST Space Mobile, Lynk,
alongside legacy Mobile Satellite Service (MSS) and
NTN services available from GSO operators like Viasat
(Inmarsat), EchoStar and China Aerospace Science and
Technology Corporation, innovation in the satellite NTN
and D2C segment is accelerating. Andrew Cavalier, sat-
ellite communications senior analyst at ABI Research,
explained, “The market is now rapidly shifting from
narrowband emergency
services supported on
specific devices by NTN
loT protocols to two-way
messaging and data ser-
vices over terrestrial LTE,
MSS and NTN standards
via satellite. While these
services are taking dis-
tinct evolutionary tracks,
this competition is reducing overall cost to these ser-
vices while increasing accessibility to more users.”

The increased launch capacity within the satellite in-
dustry has set the stage for a surge in satcom applica-
tions, heralding a new era of abundance in lower-cost sat-
ellite services. According to Cavalier, “NTN is primed to
experience a surge in popularity, and ecosystems players
such as chipset vendors alongside organizations like the
Mobile Satellite Services Association are helping bridge
the gap in technology, connectivity and collaboration.”
Companies like Starlink and Apple are poised to lead the
satellite NTN marketplace with the widespread launch of
commercial services in 2024. “We anticipate the seam-
less access of Starlink and Apple Satellite connectivity on
devices will attract new and existing customers to lever-
age this technology when outside terrestrial coverage.
Users will expect these services to be affordable if not
completely bundled together in more premium service
offerings,” Cavalier pointed out.

Increased launch
capacity has set the

stagefor a surge in
satcom applications.

5G Americas Examines Spectrum
Challenges and Opportunities in New
Briefing Paper

ecently, 5G Americas announced the pub-

lication of its briefing paper, “Spectrum

Sharing: Challenges and Opportunities,”
providing an in-depth exploration of the various spec-
trum sharing models, their technical, regulatory and
economic complexities and the potential benefits they
offer to the wireless industry.

Visit mwjournal.com for more commercial market news.
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Along with standardized same and multi-technology
spectrum sharing techniques, the briefing paper dis-
cusses implementation of evolved spectrum access sys-
tems and dynamic spectrum sharing (DSS) technology,
as the demand for wireless services continues to surge.
The paper highlights the differences in industry speci-
fications and regulatory perceptions in relation to DSS,
as well as identifying the challenges of spectrum shar-
ing. It highlights the significance of the 3.1 to 3.45 GHz
band, emphasizing its potential for commercial services
and the advancements needed in sensing technologies
to ensure effective spectrum management.

Chris Pearson, president, 5G Americas said, “Dedi-
cated exclusive use radio spectrum is a critical resource
affecting the U.S. wireless industry, economy and tech-
nology leadership. Yet, effective spectrum sharing could
be a part of some solutions but will require innovative
technologies and collaborative regulatory frameworks
to ensure that both legacy users and new entrants can
coexist without compromising performance.”

The white paper provides an in-depth examination
of various spectrum management models including li-
censed, unlicensed and shared spectrum approaches
along with complexities of DSS. Key sections of the 5G
Americas briefing paper include:

* An overview of existing spectrum management
models, detailing the licensed, unlicensed and

shared spectrum mechanisms
* Definitions and techniques of DSS, exploring its

various interpretations by leading industry bodies

such as 3GPP and 5G Americas
* A review of current commercial experiences in the

U.S., focusing on the Citizens Broadband Radio Ser-

vice and Automated Frequency Coordination in the

6 GHz band
* An exploration of potential spectrum sharing ap-

proaches in the 3.1 to 3.45 GHz band
® An analysis of the technical, regulatory and eco-

nomic challenges associated with spectrum sharing.

“The ability to share spectrum efficiently is not just
a technical challenge but a strategic opportunity. We
must develop policies that incentivize cooperation and
ensure fair access to this critical resource,” said work
group co-leader Karri Kuoppamaki, SVP, advanced and
emerging technologies, T-Mobile, USA, Inc.

“Exclusive spectrum use is vital for societal, economic
and national security benefits, but when dedicated spec-
trum for commercial services is not possible, spectrum
sharing offers a possible solution,” stated Brian Daly,
AVP Wireless Technology Strategy & Standards, AT&T.
“Spectrum sharing, using advanced radar sensing meth-
ods, could provide part of the solution to meet the ad-
ditional spectrum needs of wireless services, if preferred
commercially licensed spectrum is not available.”
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Aroundthe Circuit
Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

AMCAD Engineering announced that it has been ac-
quired by Dassault Systémes, joining its SIMULIA
brand, dedicated to delivering science-based multi-
scale, multiphysics modeling and simulation solutions
that enable companies to accelerate the development
of safe, reliable and sustainable products. This move
aligns with the mission of AMCAD Engineering to
streamline design processes and lower prototyping ex-
penses by making measurement, modeling and simula-
tion more accessible to RF and microwave circuit-sys-
tem designers throughout the development process.
AMCAD Engineering’s software products, including
IVCAD, VISION IQSTAR and Whiteboard, are now part
of the SIMULIA brand.

L Squared Capital Partners and CogneSense an-
nounced that they have completed the acquisition of
L&J Technologies. L&J is the first acquisition made by
CogneSense since its founding by L Squared in late
2023. CogneSense, led by Paul Dhillon, is pursuing a
buy and build strategy with a focus on combining long-
standing, trusted and leading environmental sensing,
measurement, monitoring and control businesses with
younger companies that add additional technological
innovation and capabilities. The focus of this strategy is
the highly fragmented environmental, health and safety
end-markets within the broader sensing and loT market.
They will operationally integrate these companies and
add resources that will accelerate their go-to-market and
R&D capabilities while driving increased operational ef-
ficiency at substantially larger scale.

COLLABORATIONS

EMITE's state-of-the-art over-the-air chambers can now
be combined with the latest sophisticated testing fea-
tures of the R&S CMX500 one-box signaling tester from
Rohde & Schwarz. The radio communication tester of-
fers a wide range of device testing capabilities, support-
ing cellular technologies such as LTE, 5G NR frequency
range 1 (FR1) up to 8 GHz and FR2 mmWave frequency
range up to 50 GHz, including the latest 5G RedCap
technology. It also supports non-cellular technologies,
including the latest Wi-Fi 7, all in a single instrument. As
a consequence of this collaboration, EMITE's customers
obtain a comprehensive environment for accurately as-
sessing the performance of Wi-Fi 7 as well as 5G Red-
Cap devices.

Texas Metering & Device Company (TMD), a provider
of advanced metering infrastructure (AMI) and services
for electric, water and gas utilities, and The Antenna
Company, a pioneer in the design of high perfor-
mance antennas and provider of industry-proven RF
coupler/external antenna isolator solutions, announced

For More
Information
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a robust solution for improved wireless connectivity of
off-network smart meters for electric utilities. This col-
laboration combines TMD’s AMI expertise and indus-
try knowledge with The Antenna Company’s innova-
tive high-efficiency LTE antennas (AC94541-01) and RF
Coupler solution (AC20424-01) to solve the connectiv-
ity problem of off-network utility smart meters. TMD will
serve as a U.S. distributor for The Antenna Company’s
products included in the smart meter retrofit kit.

Viavi Solutions Inc. and the Telecom Infra Project (TIP)
announced a strategic collaboration aimed at expand-
ing the testing capabilities of the VIAVI Automated Lab-
as-a-Service for Open RAN (VALOR™). VALOR, made
possible by a $21.7 million grant from the U.S. National
Telecommunications and Information Administration
Public Wireless Supply Chain Innovation Fund, pro-
vides fully automated, open and impartial testing and
integration for Open RAN. VALOR provides a pathway
to certification in the U.S. for new entrants, startups
and academia and ensures the interoperability, perfor-
mance and security of Open RAN components. TIP, a
global consortium dedicated to advancing and adopt-
ing open and disaggregated networks, thrives on the
collective contributions of its member companies.

Tech Soft 3D and Spatial, a Dassault Systemes subsid-
iary, have strengthened their strategic alliance with the
goal of driving the engineering industry forward. This
enhanced partnership aims to deliver best-in-class tech-
nology, fostering rapid application development and
solving real-world engineering challenges more effec-
tively. For more than two decades, Spatial and Tech Soft
3D have shared a vision of empowering engineers with
cutting-edge visualization technology. This collaboration
underscores their commitment to innovation and excel-
lence in the engineering software market. Most recently,
Spatial has chosen to add Tech Soft 3D's HOOPS Com-
municator graphics engine for web visualization to its
portfolio of components.

NEW STARTS

ISE Labs Inc., a leading provider of semiconductor en-
gineering services, announced it is broadening custom-
er access to its world-class capabilities with the open-
ing of a second U.S. facility, located in San Jose, Calif.
Together, the Fremont and San Jose sites will double
ISE’s available R&D lab and business space, reinforc-
ing the company’s commitment to Silicon Valley while
expanding its North American footprint and helping
to strengthen the U.S. semiconductor supply chain.

ACHIEVEMENTS

Keysight Technologies Inc. gained validations for the
industry’s first 5G NR FR1 1024-QAM demodulation test
cases based on the 3GPP TS 38.521-4 test specification.
The validated test cases, which are for use with Key-
sight's 5G network emulation conformance test platform
(TP168), were secured at the Conformance Agreement

For up-to-date news briefs, visit mwjournal.com
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Group #79 meeting of the Global Certification Forum
in July. Developed by 3GPP, 5G NR radio access tech-
nology delivers the performance needed to support en-
hanced Mobile Broadband (eMBB), which provides end
users with better multimedia experiences through higher
data rates, increased bandwidth, improved reliability and
lower latency.

NXP® Semiconductors announced that its single-
chip NFC and embedded secure element solution,
the SN220, has been certified by the Car Connectivity
Consortium® (CCC) under its CCC Digital Key™ Cer-
tification Program, launched in December 2023. This
marks NXP as the first digital car key solution provider
to receive a certification for its NFC chips. This is a part
of NXP’s complete system solutions encompassing the
full digital car key ecosystem across ultra-wideband,
NFC chips and Bluetooth® Low Energy for both mo-
bile device manufacturers and car OEMs. The SN220 is
a convergence solution, combining an NFC controller
with an embedded secure element in a single chip and
is part of an overall digital key system solution.

As part of the Investing in America tour, the Biden-Har-
ris Administration announced that the U.S. Depart-
ment of Commerce along with GlobalWafers America
LLC and MEMC LLC, subsidiaries of GlobalWafers Co.
Ltd., have signed a non-binding preliminary memo-
randum of terms to provide up to $400 million in pro-
posed direct funding under the CHIPS and Science Act
to help onshore critical semiconductor wafer produc-
tion and advance U.S. technology leadership. President
Biden signed the bipartisan CHIPS and Science Act, a
key component of his Investing in America agenda, to
usher in a new era of semiconductor manufacturing in
the U.S., bringing with it a revitalized domestic supply
chain, good-paying jobs and investments in the indus-
tries of the future.

Raytheon, an RTX business, was awarded two strategic
Mentor Protégé Agreement initiatives from the Depart-
ment of the Navy Office of Small Business Programs
to support the development of operational Al for De-
partment of Defense (DOD) platforms and programs.
Through joint sponsorship from NAVAIR and the Office
of Naval Research, Raytheon will mentor Anacapa Mi-
cro Products, Inc. and Nara Logics, Inc. Under two indi-
vidual three-year contracts, Raytheon will provide men-
torship for operational Al on system design, software
architecture, systems integration, IT security constraints
and authority-to-operate requirements in a collabora-
tive environment.

Anywaves announced the delivery of its 1,000th product,
marking a major milestone in its journey as a pure manu-
facturer of space antennas. This 1,000th delivery not only
confirms Anywaves' position as an indispensable leader
in its sector but also the seriousness and reliability of its
products. Since its inception in 2017, the company has
consistently stood out for its commitment to excellence
and customer satisfaction, designing, manufacturing and
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delivering off-the-shelf and custom antennas worldwide.
Today, major players in the global space industry such as
Maxar, Airbus Constellation Satellites, Magellan, The Ex-
ploration Company, Hera Systems and many others turn
to Anywaves for their antenna needs.

CONTRACTS

CACl International Inc. announced that it was awarded
a ten-year expertise contract valued at up to $450 mil-
lion to support the Joint Navigation Warfare Center
(JNWC), an operational center of U.S. Space Forces
- Space and the DOD'’s center of excellence for naviga-
tion warfare (NAVWAR). CACI will provide 24/7 opera-
tions support, joint and operational planning, adversary
positioning, navigation and timing capability and order
of battle assessment and other tasks that inform and
enhance joint force, DOD combatant commander, in-
teragency and allied NAVWAR requirements.

Sensor specialist HENSOLDT is further expanding its
position as a national technology champion for air de-
fence sensors. Rheinmetall Air Defence has awarded
HENSOLDT a contract to supply SPEXER air defence
radars for use in the new Skyranger 30 anti-aircraft gun
tank (FlakPz). The order is worth almost 100 million eu-
ros. With the Skyranger 30, Rheinmetall Air Defence
is providing the successor to the Gepard FlakPz in the
Bundeswehr's newly established air defence force. With
the SPEXER 2000, this will be equipped with a radar
whose high detection performance will enable the ef-
fectors of the new FlakPz to develop their full potential.

SES Space & Defense, a wholly owned subsidiary of
SES, has been awarded a multi-year contract worth USD
46.8 million by the U.S. Air Force (USAF) Air Combat
Command (ACC) to provide geostationary (GEO) Ku-
Band satellite services in support of the ACC remotely
piloted aircraft (RPA) training and testing program. SES
Space & Defense will use SES's GEO high-through-
put satellite fleet to provide ground-to-air and air-to-
ground transmissions coverage over the continental
U.S., Hawaii, Alaska and the Pacific Ocean for airborne
operations. In addition, SES Space & Defense’s Global
Network Operations Center will provide network man-
agement and monitoring support.

Barnes Aerospace announced a long-term agreement
extension with MTU Aero Engines AG, through which
it will provide a package of precision fabricated com-
ponents valued at $33 million. Leveraging its existing
manufacturing capabilities, Barnes Aerospace-Singa-
pore OEM will produce mission-critical aero-engine
components to be used in Pratt and Whitney’s A320n-
e0/A220 and Gulfstream G500/G600 engines. These
applications require high-precision technologies in
high volume. This agreement aligns with the company’s
growth strategy to scale Barnes Aerospace through
deepening customer relationships and providing di-
verse capabilities with differentiated service offerings.

The Office of the Undersecretary of Defense for
Research & Engineering’s Trusted & Assured Micro-
electronics program through Naval Surface Warfare
Center Crane Division's Strategic & Spectrum Missions
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Advanced Resilient Trusted Systems (S2MARTS) other
transaction agreement vehicle has awarded BAE Sys-
tems’ FAST Labs™ and Development organization a $22
million contract. The contract will support the Strategic
Transition of Microelectronics to Accelerate Moderniza-
tion by Prototyping and Innovating in the Packaging
Ecosystem (STEAM PIPE) project and will be managed
by National Security Technology Accelerator. Microelec-
tronics play a critical role in furthering the DOD's warf-
ighting capabilities.

PEOPLE

The Antenna Company announced it
has appointed Rick Stuby as vice
president of product management
and marketing. In this role, Stuby will
define and launch innovative solu-
tions to the market, with an emphasis
on loT and 5G market segments. Stu-
by brings extensive industry experi-
A Rick stuby ence and product leadership in the
antenna market. Prior to joining The
Antenna Company, Stuby served in the same VP role for
Linx Technologies, where he defined their antenna
product roadmap, spearheaded process changes and
achieved substantial growth in business prior to their
acquisition by TE Connectivity.

GINCINNATI « ORIO

Sivers Semiconductors AB announced the appoint-
ment of Vickram Vathulya as its new president and
CEO, succeeding Anders Storm, effective August 19,
2024. Dr. Vathulya brings over 25 years of experience in
the semiconductor industry with a proven track record
in building strategically sound businesses backed by
strong organizational talent while navigating complex
market dynamics to lead Sivers through its next phase
of growth. As CEO, Vathulya leverages his senior lead-
ership experience, extensive network and deep under-
standing of the semiconductor industry to drive Sivers’
strategic initiatives worldwide.

REP APPOINTMENTS

Spirit Electronics announced franchised distribution for
Q-Tech Corporation, offering crystal oscillators for the
aerospace and defense supply chain. Q-Tech produces
high-reliability crystal oscillators for space, military, avion-
ics and extreme environment applications. The Q-Tech
product portfolio adds to Spirit's curated domestic space
and defense product lines alongside supply chain ser-
vices including MIL-STD-883 testing, circuit card assem-
bly and ASIC programs Q-Tech pioneered hybrid crystal
oscillator technology as the first manufacturer to appear
on the MIL-PRF-55310 qualified products list in 1972.
Since then, Q-Tech oscillators have supported govern-
ment and commercial space programs, both in the U.S.
and internationally, as an award-winning manufacturer.

46th Annual Meeting and Symposium of the

Antenna Measurement Techniques Association

il lim) :

October 27 - November 1, 2024
Cincinnati, Ohio
P

Registration is now open!
Early registration deadline: September 22, 2024

For details and a complete list of paper topics visit

www.2024.amta.org
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Resonant Sciences is proud to host the 46th Annual
Symposium of the Antenna Measurement Techniques
Association (AMTA), a non-profit, international
organization dedicated to the development and
dissemination of theory, best practices, and
applications of antenna, radar signature, and related
electromagnetic measurement technologies.

To learn more about AMTA, visit www.amta.org.

Symposium Highlights
* High-quality technical papers presented on a continuous
basis over four days — no parallel sessions

e Technical Tours, Social Events, and Daytime Companion Tours

® Exhibits showcasing the latest innovations in antenna, RCS,
and 5G OTA/MIMO measurements

® Networking opportunities with industry experts

® In-depth Short Course as well as a practical Boot Camp
will be offered October 27, 2024.

Hosted by With help from
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with higher frequency bands under develop-
ment.
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UWB’s Increasing Role in
Automotive Applications

Kevin Mak and Asif Anwar
Techlnsights, Milton Keynes, U.K.

ltra-wideband (UWB)

technology is increas-

ingly being deployed in

the automotive sector for
a variety of reasons. One common
application is to use the technol-
ogy to surmount the vulnerabilities
of RFID-enabled key fobs, which
can easily be hacked and allow ve-
hicles to be stolen. It is also being
considered as a radar technology to
ensure children are not left behind
in the back seat.

AUTOMOTIVE ENTRY SYSTEMS
The 1982 Renault Fuego was the
first model to use a remote key fob
to unlock the car doors. Although
the growth of this approach was
initially slow, it accelerated in the
1990s. By 1995, around a third of
vehicles made that year had the
feature, with the penetration rate
exceeding 50 percent in 2000.

In 1993, the Chevrolet Corvette
was the first to use a passive entry
system. In this system, an enabled
fob would send out low frequency
(LF) signals to unlock the car doors
when it was near the vehicle. By
2014, penetration of passive entry
systems reached 20 percent and
this has now grown to 50 percent
in 2024, with essentially all vehicles
now being fitted with either remote
or passive entry systems. Figure 1
shows data from Techinsights on
the market share of remote and
passive keyless entry systems.
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Early passive entry systems were
proprietary systems based on the
ISM band before being replaced by
the Bluetooth standard. The 2017
Tesla Model 3 was the first model
to feature a Bluetooth Low Energy
(BLE)-based entry system. The fob
in this system used a Texas Instru-
ments TMS37F128 controller chip.
Replacing the earlier LF solution,
BLE has become the communi-
cation standard for passive entry
systems. Another technology be-
ing deployed in automotive entry
systems includes nearfield com-
munication (NFC). The first model
fitted with an NFC entry system
was the 2016 Mercedes-Benz E-
Class. Here, an enabled key card
or smartphone handset is placed
over an NFC reader on the vehicle
to unlock the doors. Tesla models
also come with NFC cards for use
in valet parking.

Digital Key

Both NFC and BLE have now be-
come the standard communication
protocols for the Car Connectivity
Consortium (CCC). These protocols
were defined in its second and third
digital key releases in April 2020
and July 2021, respectively. The
purpose of the CCC is to develop
and standardize entry systems for
vehicles to add convenience to
families and fleets sharing identical
vehicles and enable new services.
Members of the CCC include many

original equipment manufacturers
(OEMs), automotive Tier 1 integra-
tors, mobile OEMs and semicon-
ductor suppliers, including Infineon,
NXP and STMicroelectronics.

These new services include car-
sharing and remote delivery, among
others. Enabling the new services is
the digital key. The digital key dis-
penses with the need for mechani-
cal blade keys that have been the
cornerstone of the automotive sec-
tor since the 1950s, when they were
first used to start engines. With such
virtual “keys,” the same vehicle can
be used by different drivers without
the costly need for service centers
to hold different keys. This tech-
nology can provide many benefits.
Cars-for-hire  companies stand to
gain with lower operating costs and
a delivery can be made to a vehicle
instead of a customer who could be
away from home. These digital keys
can be exchanged via an app on a
smartphone.

Standardization enables interop-
erability between different suppliers
and OEMs in the automotive and
mobile sectors. It also ensures the
security of the resulting systems. In
addition, it raises competition be-
tween suppliers to make the digital
key concept affordable and bring
about widespread adoption.

uwB
Hackers can intercept the LF BLE
and/or NFC transmission and gain
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A Fig. 1 Demand for remote and passive keyless entry
systems. Source: Techlnsights.

access to the unlocking codes from the fob. This allows
a thief to steal a vehicle without needing to be in close
proximity. This is where UWB provides an advantage.
UWB has the resolution to accurately determine the
position of the enabled device and ensure that the ac-
tual owner of the vehicle is approaching the vehicle.
Jaguar-Land Rover was the first OEM to implement
UWB technology when they put it on the 2018 Jaguar I-
Pace electric crossover and the Range Rover SUV. Oth-
er OEMs that have now adopted UWB-based keyless
entry systems include BMW, Hyundai, Mercedes-Benz,
NIO, Tesla and Volkswagen.

NXP supplied the IC that was installed in these first
vehicles and the enabling fob. That IC carries the IP de-
veloped by a Dublin, Ireland-based start-up called De-
cawave, which Qorvo acquired in February 2020. NXP
has since become a major chip supplier of UWB solu-
tions in the automotive sector, supplying the Trimen-
sion NCJ29D5 IC to BMW vehicles and the SR100T IC
to smartphone handsets. Figure 2 shows a block dia-
gram of the NXP Trimension NCJ29D5 IC.

For mobile applications, Apple and Qualcomm are
the leading vendors of UWB-enabling chips. These
chips are often integrated into system-on-chip (SoC)
packages. Infineon is another key player. In October
2023, Infineon acquired 3dB Access, a start-up based in
Zurich, Switzerland. 3dB Access brought its design ca-
pabilities for incorporating integrated SoCs into UWB
systems. Infineon has leveraged this capability to be-
come a major supplier, which includes supporting Volk-
swagen for both the vehicle and enabling fobs.

3dB Access has brought some valuable capabilities
to Infineon. Where the CCC Release 3.0 standard calls
for the high-rate pulse (HRP) version of UWB, 3dB offers
a solution that encompasses both HRP and low-rate
pulse (LRP) methods. The IEEE sets out these methods
in its 802.15.4z standard. The 3dB dual-mode solution
has an LRP method that has a lower frequency of pulses
at a higher energy, resulting in lower power consump-
tion. This dual-mode solution proved ideal for battery-
operated devices such as key fobs. The HRP part of
3dB’s solution reduces current consumption in both the
transmitter and receiver yet remains compliant with the
standards.

The new IEEE 802.15.4z standard, released in 2020,
optimizes UWB signaling to exploit best the energy
stipulated in the two rules regulating the use of the
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A Fig. 2 NXP Trimension NCJ29D5 functional block diagram.
Source: NXP.

UWB frequency spectrum. The first rule limits the maxi-
mum mean power spectral density (PSD), which is the
radiated power within a given bandwidth when aver-
aged over 1 ms, to -41.3 dBm/MHz or 74 nW per MHz.
The second rule addresses the strength of a single
pulse that can be transmitted. It limits the power of the
UWB signal to a maximum of O dBm when passing it
through a filter with a bandwidth of 50 MHz. This is 10
percent of the energy of the original 500 MHz wide sig-
nal. This second rule prevents solutions involving just
one large pulse. The IEEE is currently working on IEEE
802.15.4ab, an enhanced version of the UWB standard.
This version aims to include various new features such
as narrowband (NB)-assisted UWB, lower power con-
sumption, higher data rates, security and more.

Chinese automakers are also keen to offer this feature
to their customers, particularly start-up electric vehicle
makers. A group of Chinese semiconductor vendors is
offering UWB solutions to the market. These vendors
include Chi Xin Semiconductor, Ultraeption, Yuducomm
and UniSoC, whose SoCs embed UWB capability. How-
ever, it is interesting to note that these vendors are not
members of the CCC.

CHILD PRESENCE DETECTION

UWSB is also being considered for use in sensing cab-
in occupants. Impulse radio UWB (IR-UWB) is already a
well-established method for radar sensing and UWB ra-
dar has the resolution necessary to detect small move-
ments. This capability allows for motion detection, pres-
ence sensing and vital sign detection for “sleeping”
consumer electronics devices. This can save power or
detect intruders in surveillance systems.

Automotive radars are increasingly being devel-
oped for child presence detection (CPD) systems.
Such sensors have the resolution to detect movements
from heartbeats or breathing. CPD alerts drivers of
any children who could be left behind in the rear seats
and suffer injuries from hot conditions in the vehicle.
In 2023, 29 children reportedly died in the U.S. from
heat stroke while left in vehicles. Also, in 2023, CPD
was included in the European New Car Assessment
Program (Euro-NCAP) five-star safety award criteria.
In 2016, 20 automakers made an agreement with Na-
tional Highway Traffic Safety Administration (NHTSA)
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UWB radar, but the
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A Fig. 4 Penetration of NFC, BLE/BT and UWB in passive

keyless entry systems. Source: Techlnsights.

and Insurance Institute for Highway
Safety (IIHS) to fit rear seat alert
systems as part of CPD by Model
Year 2025. Because of the Hot Cars
Act of 2021 (HR 3164), the 2021
Build Back Better Act also required
NHTSA to consider the mandated
fitment of CPD as early as 2027.

In the above applications, the
same UWB chipset can be used not
only for ranging in applications like
entry systems but also for sensing.
The sensing application typically
requires a different software con-
figuration that comes with a higher
feature set. This gives UWB radar a
cost advantage over conventional
60 GHz frequency-modulated con-
tinuous wave (FMCW) radars that
require a dedicated electronic con-
trol unit (ECU) and chip to imple-
ment the sensing functions.

OEMs can also reduce the system
bill of materials by repurposing chip
devices already in use. For example,
a CPD radar can be used for intru-
sion detection in a security system, to
“sleep” display screens or to turn off
interior lights. Another use case for
these devices is a kick-sensing appli-
cation where a UWB device operating
in radar mode is used to detect a kick
gesture from a user to open the trunk.
Presently, there are no standards for

primarily from the
technology-lead-
ing electric vehicle
start-ups, but not at the same level
of penetration. Additional demand
will also come from Eastern Europe
and Japan. Techinsights forecasts
that global demand for BLE and

Bluetooth  (BT)-enabled systems

will increase from 16 million units

in 2023 to 40 million in 2028 at a

cumulative annual average growth

rate (CAAGR) of 20 percent and
reach nearly 50 million in 2031. In
addition:

e Mature market regions like North
America, South Korea and West-
ern Europe will see penetration
rates increase from around 26
percent in 2023 to around 65
percent in 2031

® Eastern Europe and Japan will
see penetration rates increase
from 13 to 14 percent in 2023 to
around 50 percent in 2031

e China will see slower growth in
the adoption rate, increasing
from 15 percent in 2023 to 40
percent in 2031

e Thailand will see penetration
rates increase from 9 percent in
2023 to 37 percent in 2031

¢ India and Brazil will see penetra-
tion rates increase from 5 percent
in 2023 to around 30 percent in
2031.
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Within the demand for these pas-
sive entry systems, BLE will see more
rapid growth than NFC because of
the added convenience to the user
and the challenging requirement
to integrate NFC-reading antennas
into the vehicle.

* NFC will be deployed in lower
volumes to support car-sharing
services and to provide valet
parking for premium brands. It
is assumed that NFC will be de-

Microwave Multi-Octave

ployed in around 40 percent of
digital key-enabling passive entry
systems.

UWB will also see rapid growth
among passive entry systems
because of the added security
it brings to BLE-based passive
entry systems. It is assumed that
all digital key-enabling passive
entry systems will deploy BLE,
with UWB seeing penetration ris-
ing steadily from 58 percent of

Power Freq. Range Insertion Isolation Amplitude Model

Division (GHz) Loss (dB) (dB) Balance Number
2 1.0-27.0 25 15 0.5dB PS2-51
2 0.5-18.0 1.7 16 0.6 dB PS2-20

5-40 GHz 1-5 GHz

2 1.0-40.0 2.8 13 10 0.6 dB PS2-55
2 2.0-40.0 25 13 0.6 dB PS2-54
2 15.0-40.0 1.2 13 0.8dB PS2-53
2 8.0-60.0 2.0 10 1.0dB PS2-56
2 10.0-70.0 2.0 10 1.0dB PS2-57
3 2.0-20.0 1.8 16 0.5dB PS3-51
4 1.0-27.0 4.5 15 0.8dB PS4-51
4 5.0-27.0 1.8 16 0.5dB PS4-50
4 0.5-18.0 4.0 16 0.8dB PS4-17
4 2.0-18.0 1.8 17 0.5dB PS4-19
4 15.0-40.0 2.0 12 0.8dB PS4-52
8 0.5-6.0 2.0 20 0.4dB PS8-12
8 0.5-18.0 7.0 16 1.2dB PS8-16
8 2.0-18.0 2.2 15 0.6 dB PS8-13

10 to 30 watts power handling, visit website for complete specifications.
SMA and Type N connectors available to 18 GHz.
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digital key-enabling passive entry

systems in 2021 to 99 percent by

2031.

Figure 3 shows the latest Te-
chinsights forecast for the volume
of passive keyless entry systems in
automotive applications from 2021
to 2031. It shows the expected vol-
umes for NFC-, BLE/BT- and UWB-
enabled systems. Figure 4 shows
the expected market share for the
three different technologies over
the forecast period.

At this early stage in its devel-
opment, internal radar demand
is estimated to be very low. How-
ever, deployments and interest are
growing. The Acconeer 60 GHz
pulsed coherent sensor, manufac-
tured by Alps-Alpine, is deployed
on the 2022 Volvo EX90 electric
SUV, 2023 Lotus Eletre and Pole-
star 3. The pulse-coherent sensor
uses time-of-flight measurements
from a sequence of pulses that
are pulsed in picosecond intervals.
The technique is an alternative to
FMCW, which has a higher power
consumption.

CONCLUSION

The convenience of remote key-
less entry and passive entry systems
is resulting in faster adoption of
these technologies by the automo-
tive industry. The CCC is leading
efforts to standardize and enhance
security as the automotive sector
embraces the digital key concept,
with consumers embracing the add-
ed convenience. Some of the other
benefits of this approach are a re-
duction in operating costs for fleets
and car-for-hire operators and the
growth of new mobility services such
as car-sharing. Efforts to enhance se-
curity will drive UWB demand. This
demand will see steady growth as
solution providers leverage the res-
olution UWB offers to accurately de-
termine the position of the enabled
device and ensure that the actual
owner of the vehicle is approaching.
Furthermore, the technology offers
dual-use capabilities and could pro-
vide an alternative occupant detec-
tion requirement currently being
pursued through the adoption of 60
GHz radar solutions. B
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Antenna with Low Envelope
Correlation Coefficient

S.S. Shamina
Vellore Institute of Technology,

R. Rathna and M. A. Bhagyaveni

Anna University,

P. Latha
St. Joseph’s College of

Chennai, India

single  fre-
quency  multiple-input
multiple-output  (MIMO)
microstrip patch antenna
with elements that include dual U-
shaped slots and notches is pro-
posed for use in several applica-
tions, including vehicle-to-vehicle
communication, WiMax and sub-6
GHz networks. The chief motivation,
however, is the design of a vehicular
antenna with minimal envelope cor-
relation coefficient (ECC) for inde-
pendent performance of the MIMO
antenna elements. The elements
are fabricated on an FR-4 substrate
and the antenna exhibits a 150 MHz
bandwidth at 3.5 GHz. The design,
analyzed and simulated using CST
software, is evaluated in terms of
port separation, ECC, mean effec-
tive gain (MEG) and channel ca-
pacity loss (CCL). Measured results
are in strong agreement with the
simulations. The design successfully
achieves the desired ECC value of
less than 0.001 with a gain of great-
er than or equal to 5 dBi, which is
extremely low when compared to
ECC values reported in previous re-
search.
5G automotive communications
is a core concept of the intelligent
transportation system. This system
involves communication between
vehicles and vehicle communication
with roadside infrastructure, and it
is a rapidly expanding sector. Real-

low-profile

56

Vellore, India

time communication between infra-
structure and automobiles is now
possible because of advancements
in wireless communications. These
advancements result in applications
to improve car safety and passenger
communication with the internet.

Within the broader vehicle-to-
everything (V2X) communications
umbrella, the desire for vehicle-to-
vehicle (V2V) communications has
grown recently, driven by efforts to
improve automobile vehicle safety.
Various design choices, including
the size and type of antenna, influ-
ence the performance of a V2V sys-
tem. Some classic designs include
monopole,! slot? and patch anten-
nas.3

These antennas provide low pro-
files and simple structures but with
narrow bandwidths and low cover-
age efficiencies. To enhance the
bandwidth and enable the anten-
na to operate in two bands, a mi-
crostrip monopolar patch system?
may be used. However, the sub-
strate’s excessive thickness results
in increased size and it complicates
the design process.

Ozpinar et al.> developed a
mmWave antenna to achieve broad
bandwidth, high gain, high cover-
age and high radiation efficiency
in a compact, low-profile structure.
Although it has several advantages,
the antenna is severely affected by
high transmission, penetration and

Engineering and Technology,
Chennai, India

atmospheric propagation losses.
Most importantly, it requires high
gain radiation beams.

To overcome these issues, sys-
tems on modern vehicles employ
MIMO techniques. A MIMO system
uses multiple antennas for both
transmission and reception. This
architecture enables the MIMO sys-
tem to enhance bandwidth, data
rate and throughput without alter-
ing transmit power or the frequency
band of operation.

MIMO systems also have the ad-
vantages of high dependability and
low latency in an environment with
strong electromagnetic scattering.
They support operation in LTE/5G
sub-6 GHz, WLAN and V2X over 5G
sub-6 GHz bands with a small de-
sign.6 Using precoding techniques,
many input channels are used to
transmit various types of informa-
tion while the receiver combines
and processes the various pieces
of received information. System ca-
pacity is wasted if these channels
broadcast the same information.
This limitation is known as correla-
tion and the ECC can be used to
quantify this quantity. A MIMO an-
tenna should have low correlation
between elements with high overall
antenna efficiency.”

Different methods for creating
compact MIMO  structures  with
low ECC and high diversity gain
have been developed. Dkiouak et
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A Fig. 1 Single patch antenna element.

TABLE 1
MIMO ANTENNA ELEMENT
DESIGN PARAMETERS
a 20
b 15
s, 0.5
s, 5
S, 2
X, 3
X, 2
Xy 0.5
X, 0.5
f 12

(@) (b) () (d

SINGLE PATCH
CONFIGURATION
AND DESIGN
PROCESS

Figure 1 shows
the antenna ele-
ment's  configura-

0
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_45 ! ! ! ! !
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Frequency (GHz)

Antenna 1 [
Antenna 2 | |
Antenna 3
Antenna 4 |—

[S11] (dB)

A Fig. 3 SN MIMO antenna element
|S14] comparison.

al.8 proposed a structure consist-
ing of two parallel identical mono-
poles. A low-profile, compact-sized
monopole antenna element was
developed for a four-port UWB
MIMO/diversity array with orthogo-
nally placed resonating elements to
achieve less than 0.004 ECC.? How-
ever, the phased array design and
placement were expensive.

A 2 x 1 orthogonal, circularly-
polarized MIMO antenna was intro-
duced for 5G applications at 3.3 to
4.2 GHz and 5.9 GHz V2X applica-
tions. This antenna incorporates a
I'-shaped stripline to the ground and
an asymmetric ground structure'® to
achieve an ECC lower than 0.02. To
widen the impedance bandwidth,
uniform and stepped U-shaped slot
antennas were designed and imple-
mented by Hu et al.!!

In this work, a wideband mi-
crostrip patch element with U-
shaped slots and notches is de-
signed for incorporation into 2 x 2
and 4 x 4 element MIMO antenna
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(c)

A Fig. 2 SN MIMO antenna element design evolution:
Antenna 1 (a), Antenna 2 (b), Antenna 3 (c) and Antenna 4 (d).

A Fig. 4 (a) Side-by-side 2 x 2 antenna
configuration. (b) Orthogonal 2 x 2
antenna configuration. (c) Prototype
side-by-side 2 x 2 antenna.

systems. The slotted notch (SN)
MIMO antenna performs in the
band required for V2V communica-
tions as well as WiMAX.

tion and related
parameters are
listed in Table 1.
The SN MIMO antenna resonates
at 3.5 GHz and comprises a rect-
angular patch with two U-shaped
slots to achieve circular polariza-
tion. Notches are introduced by
etching out edge surfaces for low
ECC at the desired frequency. The
FR4 substrate is 1.6 mm thick, with
a dielectric constant of ¢,=4.4 and
tand= 0.02.

Figure 2a shows the beginning
of the design evolution. In this cir-
cuit, a conventional rectangular
patch antenna measuring 26 mm
x 20 mm with an inset feed is de-
signed. A single U-shaped slot is
introduced, as shown in Figure 2b,
and then a second slot is added in
Figure 2c. These improve the ele-
ment’s match to 50 Q. Subsequently,
the first notches (x4, x,) and the sec-
ond notches (x3, X4) are introduced
in Figure 2d to achieve the desired
frequency of 3.5 GHz.

Figure 3 shows the simulated
|S44| of the four antennas. |Sq,| of the
inset feed antenna, shown in Figure
2a, is -25.93 dB at 3.44 GHz. |Sq|
of the single U-shaped design of
Figure 2b is -32.08 dB at 3.37 GHz.
When two U-shaped slots are intro-
duced in Figure 2c, the frequency
shifts to 3.413 GHz with an |Sy4| of
-34.05 dB. With the notches intro-
duced in Figure 2d, the frequency
shifts to 3.5 GHz with a fractional
impedance bandwidth of 3.8 per
cent.

MIMO CONFIGURATION

2 x 2 SN MIMO Array

Figure 4a and Figure 4b illustrate
two candidate configurations of the
2 x 2 SN MIMO microstrip patch an-
tenna array, each with dimensions of
36 mm x 60 mm. The spacing be-
tween the two antennas is 10 mm.
One of the key performance metrics
is the ECC, which is remarkably low,
measuring less than 0.02. Figure 4c
shows a prototype of the side-by-
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side configuration of Figure 4a.
Figure 5a compares the |S4| per-
formance of the two candidate con-
figurations and Figure 5b compares
the |S;,| performance of the two can-
didate configurations. The graphical
results show that the side-by-side
orientation outperforms the orthog-
onal configuration in terms of both
reflection coefficient and isolation.
Additionally, this is achieved without
the need for additional structures or
complex modifications. Therefore,
the side-by-side orientation is cho-
sen for the 4 x 4 antenna design.

4 x 4 MIMO Array

Building upon the 2 x 2 SN MIMO
results, a 4 x 4 SN MIMO antenna is
designed with the circuit configura-
tion shown in Figure 6. Its dimensions
are 68 mm x 68 mm with an inter-el-
ement spacing of 10 mm to provide

0
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- :
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A Fig. 5 (a)|Sq4| for antenna element
orientations. (b) [Sq,| for antenna element
orientations.

A
o5

A Fig. 6 4 x 4 MIMO antenna.
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good signal reception in a multipath
environment. Simulated current distri-
butions at 3.5 GHz are shown in Fig-
ure 7. The current is primarily focused
around each patch, substantiating
the antenna’s radiation in a specific
frequency band. The current is also
confined within each element without
dissipation to other ports, support-
ing the observation of a high level of
port-to-port isolation.

Figure 8a compares measured and
simulated reflected S-parameters and
Figure 8b compares measured and
simulated transmitted S-parameters
for the 4 x 4 SN MIMO antenna. The
measured 10 dB impedance band-
width of 4.25 percent and Port 1 isola-
tion agree closely with the simulation.
In the case of the measured data, both
S1,] and |S;3] exhibit values below -20

dB, while |S;,| is lower than -40 dB.

SN MIMO ANTENNA DIVERSITY
ANALYSIS AND PERFORMANCE
The practicality of a MIMO an-
tenna system relies on its ability to
provide effective diversity perfor-
mance. To assess this, ECC is used
as a measure; a low ECC implies a
significant degree of isolation be-
tween antennas. Far-field antenna
characteristics are used to deter-
mine the ECC using Equation 1.12

oe ()
‘ff47[[5‘(QICD)]*[Si(@,@)]dQ‘

J1s(0,0)Fda ] |s(6,0)F do

Notably, when applied to out-
door scenarios, the SN MIMO an-
tenna simulated and measured ECC
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value consistently
falls below 0.001,
as shown in Fig-
ure 9. This value

3.5 GHz with each port separately driven.
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A Fig. 8 (a) 4 x 4 SN MIMO antenna
measured and simulated reflection
coefficients. (b) 4 x 4 SN MIMO antenna
measured and simulated transmission
coefficients.

A Fig. 7 Current distribution of 4 x 4 SN MIMO antenna at

indicates  minimal
mutual  coupling
between antenna
elements.

In MIMO, CCL
is a measure of the
channel  capacity

loss  experienced

by the four-port
MIMO antenna array due to correla-
tion effects when used in vehicles.
The quantification of CCL is based
on Equation 2:12

Closs = -log2 det(WR) )

Where:

WRis the receiving antenna’s cor-
relation matrix and it is expressed as
Equations 3 to 7:

Ui Wy
(o= Wi ‘Ifjj] ®
Where:
Wi =1-(sif*+]5) ()
Wy = -(Sii* Sij + Sji  Sjj) (5)
Wy = -(Sj = Sji + Sij* Sii) (6)
Wy =1-( 5517 +] ") (7)

In industrial and vehicular com-
munication contexts, a CCL below
0.4 b/s/Hz is considered good. This
antenna’s CCL is shown in Figure 10.
These results indicate minimal corre-
lation impact and a high data trans-
fer rate.
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LOW LEAKAGE
LEVEL LIMITERS

{Leakage Level as low as 10 dBm)

0.01 - 18 GHz

. Maximum Input Power 1W CW,
100 W Peak

. Options for Leakage Levels
-10 dBm
- 5dBm

0 dBm

+ 5 dBm

. Removable connectors for
circuit board assembly

. Ideal for LNA Protection
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The total active reflection coeffi-
cient (TARC) provides insight into sig-
nal quality and reflection, helping to
optimize antenna design, mitigate in-
terference and ultimately contribute to
reliable and high performance MIMO
communication. It is determined with

S-parameters using Equation 8.12

TARC = (8)
2
N . N - jOn-1
\/Zi=1 Sit+2 p—, Sne”
VN

g 0.040

S 0.036fy — Simulated ECC 1-2
= 0.032 8 — Simulated ECC 1-3 | |
3 - \ N\ |—Simulated ECC 14

O 0.028 lI I\ ,\‘ ’I ===Measured ECC 1-2 []
& 0.024 HA “‘ﬁ AoM d ECC1-3
E 0.020 ' "l } A |l ===Measured ECC 1-4 | |
% 0.016 -4 T

AL R (R /:
g 0.008 ZVIE\W A
< 0.004 [ =d=a\ <

> Zs N

= 0

(@ 25 3.0 35 40 45 50

Frequency (GHz)

A Fig. 9 Simulated and measured 4 x

4 SN MIMO antenna ECC.

Channel Capacity Loss (Bits/s/Hz)

1.6
i\ Simulated CCL b/w Port 1 & 2

1.4 Simulated CCL b/w Port 1 & 3 [|
1.2 Simulated CCL b/w Port 1 & 4 ||

) \\ Measured CCL
1.0 \\
0.8
06 N\ 7 “\
N D
0.2

0 1 1 1 1

20 25 30 35 40 45 5.0

Frequency (GHz)

A Fig. 10 Simulated and measured 4 x
4 SN MIMO antenna CCL.

15 7
10 p
I‘ \
g o /
O -5 S \ i~ [TArc 12] |
& ‘"' TARC 13
< -10 H
= -15 TARC 23 |
TARC 24
-20 TARC 34 [
-25 ’ ’ ’ ’ ;
20 25 3.0 35 40 45 5.0
Frequency (GHz)
A Fig. 11 4 x 4 SN MIMO antenna TARC.

180

Co-Pol E-Simulated  Cross-Pol E-Simulated
Co-Pol E-Measured
Co-Pol H-Simulated Cross-Pol H-Simulated
Co-Pol H-Measured Cross-Pol H-Measured

A Fig. 12 (a) 4 x 4 SN MIMO Antenna 1 simulated and measured radiation patterns
at 3.5 GHz. (b) 4 x 4 SN MIMO Antenna 2 simulated and measured radiation patterns
at 3.5 GHz. (c) 4 x 4 SN MIMO Antenna 3 simulated and measured radiation patterns at
3.5 GHz. (d) 4 x 4 SN MIMO Antenna 4 simulated and measured radiation patterns at

3.5 GHz.
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TABLE 2
2.4
7 38 NG 110 x 55 x 9 NG 0.27 NG NG
8 3.1t0 14.9 11.8 GHz 36 x 36 x 1.6 NG <0.01 NG NG
9 3.14t0 12.24 9.1 GHz 50 x 50 x 0.76 (4 x 4) 5.1 <0.004 <-14.41 NG
10 3.15t0 6.32 3.17 GHz 68.33x32x0.1(2x1) >3.5 <0.02 <-20 0.4
12 6 3.67 GHz 53 x 54 (4 x 4) >3 <0.01 <-25 <0.4
13 2.45 120 MHz 50 x 50 x 6 5.09 NG NG NG
This Work 35 150 MHz 68 x 68 x 1.6 (4 x 4) >5 <0.001 <-20 <0.4
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PHASE SHIFTERS &
VECTOR MODULATORS
2-18 GHz Bandwidth

Switching Speed 500 nSec

Digital or Analog Models

SWITCHES
SP1T to SP128T
DC-26.5 GHz
Reflective
Absorptive

ATTENUATORS MULTI- FUNCTION

ASSEMBLIES
Integrate passive, active

and control devices
Ultra-Broadband

Digitally, Voltage &
Current Controlled
Phase Invariant
Digital Switched Pad

GT Microwave... The Leading Edge in Performance

2 Emery Avenue

Randolph, NJO7868 USA
973-361-5700 Fax: 973-361-5722
www.gtmicrowave.com

e-mail: sales@‘gcmicrowave.com

S, denotes the reflection coef-
ficients between distinct antenna
ports. Figure 11 shows TARC curves
depicting different phase combina-
tions. For the efficient performance
of MIMO systems in V2V, it is impor-
tant that TARC values consistently
remain below -10 dB within the
specified frequency range.

Figure 12a to Figure 12d show
the 2D radiation patterns at 3.5 GHz
for Antenna 1 to Antenna 4, respec-
tively. The E-plane patterns are simi-
lar between Antennas 1 and 2 and
Antennas 3 and 4. Likewise, in the
H-plane, the patterns between An-
tennas 1 and 4 and Antennas 2 and
3 are similar. This ensures there are
no interference issues during recep-
tion and demonstrates good radia-
tion patterns in both planes.

Table 2 compares this work with
similar works. It highlights this an-
tenna’s ECC bandwidth, spanning
the 5G vehicular communication
and sub-6 GHz bands, as well as
its compact structure. Additionally,
it demonstrates exceptional values
for CCL and TARC.

A low-profile MIMO microstrip
patch antenna featuring dual slots
and notches is introduced and op-
timized for 5G V2V communication.
The proposed design, operating at
3.5 GHz, exhibits a bandwidth of 150
MHz, an important requirement for
intelligent transportation systems. A
gain greater than or equal to 5 dBi is
realized within the frequency band.
Through simulation and measure-
ment, the antenna’s performance
metrics, including ECC, CCL, TARC,
MEG, radiation patterns and ef-
ficiency are analyzed. The ECC is
below 0.001, surpassing previous
research benchmarks. Its compact
form factor, good radiation char-
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acteristics and low ECC make this
design suitable for vehicular com-
munication, WiMAX and sub-6 GHz
applications. ®

References

1.

R. Praveena, T. R. Ganesh Babu, G. Sudha, N.
Mahesh, J. Ganasoundharam and M. Birun-
da, “Design of Tilted E-Shaped Monopole
Antenna for Vehicular Communication,” 8th
International Conference on Smart Structures
and Systems, April 2022.

R.S. Chen, L. Zhu, S.W. Wong, X. Z. Yu, Y. Li,
L. Zhang and Y. He, “Low-Sidelobe Cavity-
Backed Slot Antenna Array with Simplified
Feeding Structure for Vehicular Commu-
nications,” IEEE Transactions on Vehicular
Technology, Vol. 70, No. 4, April 2021, pp.
3652-3660.

T. Sasikala, R. Arunchandar, M. A. Bhag-
yaveni and M. Shanmuga Priya, “Design of
Dual- Band Antenna for 2.45 and 5.8 GHz
ISM Band,” National Academy Science Let-
ters, Vol. 42, No.3, June 2019, pp. 221-226.
S. Gao, L. Ge, D. Zhang and W. Qin, “Low-
Profile Dual-Band Stacked Microstrip Mono-
polar Patch Antenna for WLAN and Car-to-
Car Communications,” I[EEE Access, Vol. 6,
October 2018, pp. 69575-69581.

H. Ozpinar, S. Aksimsek and N. T. Tokan, “A
Novel Compact, Broadband, High Gain Mil-
limeter-Wave Antenna for 5G Beam Steering
Applications,” IEEE Transactions on Vehicu-
lar Technology, Vol. 69, No. 3, March 2020,
pp. 2389-2397.

J. Malik, D. Nagpal and M. V. Kartikeyan,
“MIMO Antenna with Omnidirectional Pat-
tern Diversity,” Electronics Letters, Vol. 52,
No. 2, January 2016, pp. 102-104.

G. Srinivas, D. Jabin and A. K. Singh, “Mul-
tiband MIMO Antenna with Reduction in
Mutual Coupling and ECC,” Students Con-
ference on Engineering and Systems, May
2014.

A. Dkiouak, A. Zakriti, M. El ouahabi, H. Elf-
touh and A. Mchbal, “Design of CPW-Fed
MIMO Antenna for Ultra-Wideband Commu-
nications,” Procedia Manufacturing, Vol. 46,
May 2020, pp. 782-787.

S. Arumugam, S. Manoharan, S. K. Palaniswa-
my and S. Kumar, “Design and Performance
Analysis of a Compact Quad-Element UWB
MIMO Antenna for Automotive Communica-
tions,” Electronics, Vol. 10, No. 18, pp. 2184,
September 2021.

. S. Virothu and M. S. Anuradha, “Conformal

MIMO Circular Polarization Diversity Anten-
na for V2X Applications,” International Jour-
nal of RF and Microwave Computer-Aided
Engineering, Vol. 32, No. 4, December 2021.

. H.-T. Hu, F. -C. Chen and Q. -X. Chu, "A

Wideband U-Shaped Slot Antenna and its
Application in MIMO Terminals,” IEEE An-
tennas and Wireless Propagation Letters,
Vol. 15, July 2016, pp. 508-511.

. B. M. Yousef, A. M. Ameen, A. Desai, H. -T.

Hsu, V. Dhasarathan and A. A. lbrahim, “De-
fected Ground Structure-Based Wideband
Circularly Polarized 4-port MIMO Antenna
for Future Wi-Fi 6E Applications,” AEU - In-
ternational Journal of Electronics and Com-
munications, Vol. 170, No. 2, July 2023.

. C.E. Guan and T. Fujimoto, “Design of a

Wideband L-Shape Fed Microstrip Patch An-
tenna Backed by Conductor Plane for Medi-
cal Body Area Network,” Electronics, Vol. 9,
No. 1, 2020.

MWJOURNAL.COM m SEPTEMBER 2024



Welcometo
our Teamin

Spotlight on Mike Crittenden

“| have always said that helping people
should be the number one goal of any
salesperson, whether selling real estate
or, in my case, selling in the microwave/RF
industry. The team at Bradford RF Sales
works very hard, every day, at achieving
this goal”

Mike Crittenden
President/Owner

Bradford RF Sales has been finding new microwave/RF opportunities in the New
England territory for over seventeen years. We help to match up and support our
best-in-class suppliers with those design opportunities from concept through production.

Please visit us at www.bradfordrfsales.com to learn more.

Bradford RF Sales

Manufacturers’ Representatives for New England
58 Beechwood Drive North Andover, MA 01845
www.bradfordrfsales.com

John Libby, Garrett Lynch, Mike Crittenden, Michael Wholley, Josh Kary

Microwave, RF, and Electronic Products for Military & Commercial Applications



TechnicalFeature

‘S

QAPR Oq‘&

Bandwidth-Enhanced Circularly
Polarized Slot Coplanar
Waveguide-Fed Antenna with
Embedded Meander Line

Lianwu Yang and Ying Li
Yichun University, Yichun, China

A novel CPW-fed broadband circularly polarized (CP) slot antenna provides enhanced
bandwidth. Its ground plane is a stepped stairs shape where CP is introduced. To enhance

the bandwidth, a meander line branch is embedded in the side perpendicular to the feed line
introducing a wideband orthogonal mode. The measured —10 dB impedance bandwidth is 103.2
percent (from 2.12 to 6.64 GHz) and the ARBW is 72.0 percent (from 2.82 to 5.99 GHz), which

agrees well with simulations.

P antennas can receive

arbitrarily polarized elec-

tromagnetic waves, and

electromagnetic ~ waves
radiated by CP antennas can be re-
ceived by antennas of any polariza-
tion.? Further, the CP antenna can
suppress interference from inclem-
ent weather and alleviate the effects
of multipath reflections.?

The way to generate a circularly
polarized wave is to excite two or-
thogonal modes with an equal am-
plitude and a phase difference of
90 degrees.3- Various types of CP
antennas have been proposed with
broad impedance and axial ratio
(AR) bandwidths. In addition, the
demand for antenna miniaturization
in modern communication systems
has increased recently.4

Most CP antenna designs are
asymmetric® and fed by L-shaped
feed lines.® To produce CP, im-
prove performance and widen the
bandwidth, many methods are em-
ployed, such as the introduction
of slots’® and the embedding of
various types of stubs.?1" However,
achieving performance in all areas,
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simultaneously, is challenging. For
example, an antenna with a novel
chifre-shaped feed line demon-
strates a wide bandwidth of 72 per-
cent and a low profile, but with an
insufficient CP characteristic.'2

Metamaterials with unique physi-
cal characteristics have been used
in CP antenna design. For example,
Marouf and Ziani'3 demonstrated
a 3x3 array of circular patches with
the circular patch antenna at the
center of the array fed by a modi-
fied CPW slot. Dual CP radiation
was achieved, but bandwidth was
no greater than 20 percent.

Weng et al.1* described a dual-
band, CP slot antenna with broad-
band characteristics in both AR
and impedance, while Hoang et al.
demonstrated ARBW improvement
of a CP printed monopole antenna
using a lumped capacitor.1>

A high gain and broadband pla-
nar CP antenna was designed by
Guthi and Damera with a single-lay-
er substrate.'618 To realize a broad-
band antenna initially, a circular
patch antenna was fed by a slot with
a coplanar feed line in the ground

plane. A metasurface was created
with a 3x3 array of circle patches
with the circular patch antenna at
the center of the array. Moreover,
the slot was also modified into an
L-shape to generate circular polar-
ization. In addition, stubs were in-
troduced in the slot to improve the
impedance bandwidth. Other tech-
nologies, such as artificial magnetic
conductor reflectors,'” asymmetri-
cal dipoles with via holes?0 and
multilayer structures?! have also
been used to widen the antenna
bandwidth.

The above designs are large and
non-conformal, and their band-
widths are relatively narrow. A
monopole antenna with an asym-
metrical ground was described by
Bao and Ammann.?? Its impedance
bandwidth was 96.5 percent with an
ARBW of 63.3 percent, while it was
more compact than most CP anten-
nas, its peak gain was just 3.5 dBic,
which is extremely low relative to its
size.

The CPW slot-feed has been
shown to have potential for wide-
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A Fig. 1 Antenna structure.

Feeding
Strip

band CP antennas,23-27 but most
are linearly polarized. In this work, a
CPW-fed slot antenna with an asym-
metrical ground is described. With
an asymmetrical ground, a wide
ARBW is achieved, then a meander
line is etched on the ground to fur-
ther improve its bandwidth and en-
hance CP performance.

ANTENNA CONFIGURATION

The antenna geometry shown
schematically in Figure 1 is based
on the traditional design of a CPW-
fed slot antenna. Its dimensions, de-
termined through parametric analy-
sis, are listed in Table 1. A rectan-
gular metallic section of the ground
plane on the left of the feed line is
removed to produce a CP wave.
Further, a meander line protruding
off the ground plane is etched to
the left of the feed line to improve
CP performance. The dielectric sub-
strate of the single-layer antenna is
an FR4 composite with a dielectric
constant of 4.4. The antenna is fed
from a coaxial line with a standard
SMA connector.

The design evolution is shown in
Figure 2. |t starts with a convention-
al symmetrical CPW-fed slot anten-
na (see Figure 2a). The slot is then
enlarged on one side to produce an
asymmetrical surface current, intro-
ducing CP (see Figure 2b). To fur-
ther enhance the CP bandwidth and
improve impedance, an embedded
slender meander line is positioned
perpendicular to the feed line (see
Figure 2c) introducing wideband
orthogonal modes.

MW]JOURNAL.COM m SEPTEMBER 2024
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The simulated =10 dB impedance TABLE 1
bandwidth and ARBW are shown in ANTENNA DIMENSIONS
Figure 3. Compared with previous
structures, which have achieved a W 40
broad band or dual-band circular W S
polarization by loading with com- -
plex structures (such as spiral or S
branched microstrip), this antenna ity 3
is designed based on a traditional i 28
CPW-fed slot antenna, so it has the Wi 30
advantages of a low profile and L 20
ease of fabrication. a 1

To illustrate the effect of intro- b 17
ducing the CP mode, the current - 6
distributions of Antennas 1 and 2 g ]
at 5 GHz are simulated (see Figure g 05
4). The current distribution vectors i
of Antenna 1 are mainly vertical and h 16
more  dominant
at the base of the
feed, indicating
that Antenna 1 ra-
diates only linearly
polarized  waves
(see Figure 4a).

With the ground (a) (b) (0)
plane shape of
Antenna 2, hori- A Fig. 2 Design evolution: Antenna 1 (a), Antenna 2 (b) and
zontal currents are Antennas (o).
enhanced in the T 12
top branch of the oM | AT ""'_[ ___\S___'

\ [ -
ground plane. Two ~10F\ N et
currents  distrib- \ m SR 9
uted perpendicu- 20 TR
larly are obtained, g v \\/ - Ant 1 >
introducing the ca- | = -30 = ~o-hnt2 6 2
pability for CP. To | e V " / e
furtheqlimprove CdP -40 ( “’5 \
as well as imped- 7 13
ance bandwliodth, -50 \y\/\& _______ >y 4"‘ =
a meander line is \\—L» = el
placed  perpen- = 3 . 5 50
dicular to the feed, . -
introducing wide- T e
band orthogonal A Fig. 3 Simulated impedance bandwidth and ARBW of
mO_]<_:|e$d. trat Antenna 1 (a), Antenna 2 (b) and Antenna 3 (c).

o demonstrate
the CP mode in- /:Horizontal Currenth
troduced by An- l Tisiess ==
tenna 3, the time- W — T e i !
varying current on 44 ) B
the metal surface ' ?
at phases of 0, 90, n i
180 and 270 de- A
grees at 5 GHz is | [{11« (ﬁ' A
shown in Figure 5. 4 xg;

The dominant sur- = Y Adttann
face current flows | = "-,_:i;\_ i ; "g
counterclockwise. S penes
Consequenﬂy' it (@) T~ Vertical Current s (b)
Laaci]lgteépa (RT—|9(?I§) ﬁtz:\gﬁ:z ?g)rf:tcg cGuI-r|rZ<.ant distribution of Antenna 1 (a) and
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wave in the +z direction. The domi-
nance of surface current distribution
on the feed line, the edge of the
step-stairs ground and the meander
line underscores the contribution of
the meander line on CP radiation.
To achieve the left-hand CP (LHCP),

* High Perform‘ance De:
~ + Power Handlmg to D :
* Frequency Range: DC to 50 GHz

the meander line and step-stairs
ground are simply positioned on
the opposite side of the feed.
Simulations of |S;4] and AR with
key parameters of different di-
mensions are plotted in Figures 6
through 8. Many references have
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A Fig. 7 Simulated |S;4| and AR with
different b.

pointed out that the elongated feed
is an important factor affecting im-
pedance matching. As seen in Fig-
ure 6, the optimum dimension pro-
duces the widest impedance band-
width and ARBW. Figure 7 shows
the effect of the meander line loca-
tion on |Sq4] and AR. |Sq4| changes
slightly, but with an optimum loca-
tion, the widest ARBW is achieved.
Finally, Figure 8 shows the effect of
the Ly dimension. The results clearly
indicate that it has a great effect
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on the impedance bandwidth and
ARBW. As the size of Ly becomes
larger, the impedance and AR band-
widths become wider. However,
due to the limitation of the distance
between the meander line and the
asymmetrical ground, its length is
set as 8 mm.

EXPERIMENTAL RESULTS

Simulated and measured results
are shown in Figure 9. The simu-
lated =10 dB impedance bandwidth
is 452 GHz (212 to 6.64 GHz)
and the ARBW is 3.17 GHz (2.82
to 5.99 GHz). For comparison, the
measured impedance bandwidth
is 4.65 GHz (2.10 to 6.75 GHz) and
the ARBW is 3.40 GHz (2.65 to 6.05
GHz). The results are consistent with
the simulation. Slight discrepancies
are mainly due to material, mea-
surement uncertainties and fabrica-
tion tolerances. These results show
that the antenna has advantages in
structure and bandwidth compared
with those represented in the refer-
enced work of Table 2.

Figure 10 shows that the an-
tenna’s gain is higher than 3.8 dBic
within the CP bandwidth with a
maximum gain of 7.8 dBic. The ra-
diation efficiency is a maximum of
96 percent occurring at 4.1 GHz.

Simulated versus measured ra-
diation patterns in the xoz- and yoz-
planes at 5 GHz (see Figure 11) are
bi-directional and in close agree-

TABLE 2

COMPARISON WITH OTHER ANTENNA STRUCTURES

Impedance 3 g ARBW  Electrical el | e
References (GHz, %) Dimensions (\) Gain Dimensions
7 (dBic) (mm)
49106, 51t06, 1x1x0.052
16 o o fnnary | 1043 | 58x58x3175
456 to 6.21, 5.23to 5.7, 1x1x0.052
17 o A Gy | 1021 | sexsax3175
4510663, | 50t057, 1x1x0.052
18 o 2 fonecry | 1036 | s8xsex3175
0.615x%
27 1'1120t§93'8' E 5 2'36' 0.615x0.0066 48 | 75x75%08
' ' (fo = 2.46 GH2)
151033, | 19810302, | 0.49x053x0.01
12 . 2 = 25 Gt 361 | 58.4x63x15
3751070, | 43310590, | 0.95x0.90x0.03
13 s o e 55 0t 475 | 55x52x1.52
This 21210664, | 28210599, | 0.47x0.47x0.02
work 103.2 72.0 (f = 3.5 GH2) L O
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Transforming Connectivity:
Designing and Manufacturing
Lens Antennas

Fortify

Boston, Mass.

n our hyperconnected world,
reliable and high performance
RF technology is no longer a
luxury; it is essential. From sat-
ellite communications keeping us
globally connected to the rise of
private 5G fixed wireless networks
powering Industry 4.0, the demand
for innovative RF solutions that en-
hance connectivity across different
platforms has never been greater.
As the RF industry undergoes a
generational shift to keep up with
billions of data-hungry devices
across multiple applications, Fortify
is using cutting-edge design and
advanced manufacturing to provide
a new degree of freedom to device
performance with gradient-index
(GRIN)-enhanced apertures.

At the heart of Fortify's success
lies its patented RF lens beamform-
ing technology, which leverages a
unique combination of design and
manufacturing processes. This en-
ables the company to create highly
effective lenses that significantly en-
hance the capabilities of traditional
antenna systems. These lenses of-
ten utilize GRIN lens technology,
which is engineered with a dielec-
tric permittivity that can be precisely
tuned throughout the structure. This
unique property allows GRIN lenses
to bend, focus and manipulate RF
waves, surpassing the performance
of conventional lenses. These GRIN
lenses can drastically improve size,
weight, power and cost (SWaP-C)
factors that are a crucial consider-
ation for modern RF systems.

76

ADVANTAGES OF GRIN
ANTENNAS

Enhanced directivity and ef-
ficiency: GRIN lenses can achieve
drastically greater directivity than tra-
ditionally manufactured RF systems.
This feature significantly enhances
signal strength and reduces the like-
lihood of detection, which is crucial
in defense applications where stealth
and precision are paramount.

Wide field of view (FoV): GRIN
lenses enable wide-angle beam
scanning without a significant re-

Gain vs. Scan Angle
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A Fig. 1 GRIN phased array antenna
and scan angle characteristics using a
Qorvo development kit.

duction in gain, providing superior
spatial selectivity and range. This
capability is essential for applica-
tions requiring detailed spectrum
reconnaissance and enhanced sur-
vivability in hostile environments.
Figure 1 shows a GRIN phased
array-fed lens that can steer to 90
degrees.

Broadband performance: GRIN
lenses support extremely wide op-
erating bandwidths, making them
suitable for a range of applications
from fixed wireless access and 5G
communications to multi-band,
multi-orbit  satellite communica-
tion applications. Figure 2 shows a
13 in. diameter lens for wideband
beamforming, along with the anten-
na patterns at 3.5 GHz and 8.2 GHz.

Switched Beam Antenna Lens System
Covers More Bands with One Device

3.5GHz

82 GHz

A Fig. 2 GRIN switched beam antenna
lens and antenna patterns.
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A Fig. 3 Gain characteristics of GRIN lenses.

Figure 3 shows the increase in gain that can be ex-
pected from GRIN lenses versus traditional solutions.

ADVANCING GRIN TECHNOLOGY

Fortify’s manufacturing technology plays a crucial
role in advancing GRIN antenna manufacturing. The
patented platform combines parallel manufacturing
with high-throughput material processing, enabling the
scalable production of high-quality GRIN media. Unlike
traditional manufacturing methods, Fortify’s approach
allows for the duplication of parts at the same speed as
single-unit production, drastically reducing production
costs and time.

Fortify's design expertise and intellectual property
reside in its innovative process and mastery of GRIN
principles to enhance both existing and redesigned RF
systems. Their vertically integrated approach leverages
novel software developed in-house, which bridges tra-
ditional high frequency simulation tools like CST and
HFSS with Fortify’s manufacturing platform. This inte-
gration empowers engineers to unlock unprecedented
performance across various RF applications, stream-
lining the design process and reducing the adoption
curve for advanced RF solutions.

Fortify's end-to-end RF manufacturing solution, com-
bined with its advancements in GRIN technology and
unique design expertise, is poised to make a significant
impact on the RF industry. The benefits of Fortify’s in-
novations include:

Reduced total cost of ownership: Fortify's solutions
can reduce overall system costs by increasing gain or
enhancing the FoV. GRIN technology and efficient man-
ufacturing processes enable the production of high per-
formance RF systems that provide superior functionality
at a lower total cost of ownership. As an example, fixed
wireless operators can utilize GRIN lenses to effectively
increase the gain of a standard radio. This allows opera-
tors to increase the distance between backhaul units to

78

CONOPS:

Mast-Mounted Mobile CP with OTM 5G NR

360° Emplacement

(4 Single-Sector Antennas/
]

A Fig. 4 Bringing private and secure tactical communications
to the battlefield.

reduce the number of radios needed for point-to-point
backhaul drastically.

Increased efficiency: Fortify's integration enables
systems with low and efficient SWaP-C. This enhances
operational efficiency, making RF solutions more ef-
fective across various applications. The company’s ad-
vanced design and manufacturing capabilities enable
the creation of compact, lightweight and power-effi-
cient RF systems that deliver exceptional performance.
For example, large rotating parabolic dish antennas can
be replaced by solid-state, lens-based antennas, drasti-
cally reducing the footprint and power consumption of
these radar units.

Competitive edge: Fortify’s innovative technologies
and streamlined processes provide users with a dis-
tinct edge over competitors using traditional solutions.
The ability to leverage cutting-edge GRIN technology,
coupled with Fortify’s unique design expertise and ver-
tically integrated manufacturing approach, ensures that
RF solutions are not only technologically superior but
also highly reliable and cost-effective. This competitive
advantage is crucial in industries where performance,
reliability and cost-efficiency are paramount. Figure 4
shows an example of using GRIN lenses and a switch
matrix to reduce the total hardware by 85 percent with
commensurate reductions in total power, cost and
weight versus a traditional phased array approach.

Fortify's pioneering efforts in end-to-end RF manu-
facturing and GRIN technology are set to transform the
RF industry. By providing a seamless, efficient produc-
tion process and leveraging cutting-edge advance-
ments in antenna design, Fortify is meeting the current
needs of the market and paving the way for future inno-
vations in RF technology. This holistic approach ensures
that Fortify remains at the forefront of the industry, driv-
ing progress and setting new standards for excellence
in RF manufacturing and production. Fortify’s ability to
deliver high performance, cost-effective RF solutions
gives users a significant advantage, ensuring they stay
ahead in an increasingly competitive and rapidly evolv-
ing market.

Fortify
Boston, Mass.
3dfortify.com/
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Software Suite Update
Improves Planar Filter

Design

SynMatrix
Richmond Hill, Canada

he emerging growth of higher fre-

quency applications is demand-

ing smaller form factors, higher

operating frequencies and thinner
printed circuit board (PCB) layouts. Planar
filters offer significant size and integration
advantages, making them more efficient
for compact designs. They can also operate
at K-Band and beyond, which is critical for
emerging new applications in 5G, satellite
communications and automotive radar. With
favorable and economical manufacturabil-
ity on PCBs, planar filters also help reduce
costs, have good production yields and of-
fer R&D teams design flexibility, which is im-
portant when determining potential perfor-
mance trade-offs.

To help address these emerging trends
and growing design challenges, SynMatrix
recently released a product update that fea-
tures diplexer 3D geometry automation work-
flows and an end-to-end design workflow to
support a variety of different microstrip filters.

The microstrip design suite features a
powerful GUI interface to enable users to
synthesize and generate their parameter-
ized 3D geometries in Ansys HFSS auto-
matically. They can also optimize their fil-
ter designs using Al and computer-aided
tuning functions. Here is a quick summary
of capabilities available to microstrip filter
designers:

Lowpass filter applications: Filter syn-
thesis support for Chebyshev, Butterworth
and elliptic filters. Users can select from step
impedance, open stub and elliptic design
types.

Standard microstrip bandpass filters:
Design workflow support for edge-coupled,
end-coupled, interdigital and hairpin band-
pass filters.

Microstrip open-loop coupled band-
pass filters: SynMatrix now provides open-
loop resonator modeling to help streamline
and automate the coupled bandpass filter
design workflow.
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RF Switch 67GHz
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Al and computer-aided tuning
(CAT) optimization tools: SynMatrix
has expanded the optimization func-

IS
O
L [

s

tions and workflows to support all the
microstrip filters previously mentioned.

LOWPASS MICROSTRIP FILTERS

= =

SynMatrix now offers filter synthe-
sis workflows to support lowpass mi-

crostrip filters. Users will enjoy a highly

customizable environment featuring
easy-to-edit circuit analysis pages and
automation workflows to help quickly
construct and model parameterized
3D geometries. Figure 1 shows some

representative geometries.

A Fig. 1 SynMatrix customizable tool for representative lowpass microstrip filter

layouts.

= - == YT

interface.

A Fig. 2 Example of edge-coupled bandpass filter design

f
!
{
i
i
i
i

filter structure.

A Fig. 3 Al-optimized results for edge-coupled bandpass

A Fig. 4 Example of a triangular resonator.
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STANDARD PLANAR MICROSTRIP
BANDPASS FILTER

SynMatrix now supports the entire
design workflow, including synthesis, 3D modeling au-
tomation and optimization for edge-coupled, end-cou-
pled hairpin and interdigital filters. Figure 2 shows an
example of this workflow for an edge-coupled bandpass
filter. For edge-coupled and end-coupled bandpass fil-
ters, the SynMatrix design interface also supports end
extension, angled with end via, flipped edge-coupled
and end-coupled-line configurations.

Additionally, with automatically paired parameters,
an Al-powered optimization workflow integrated with
Ansys HFSS can be used to realize dramatic time sav-
ings. The results of this process for an edge-coupled
bandpass filter analysis are shown in Figure 3.

MICROSTRIP OPEN-LOOP COUPLED
BANDPASS FILTER

SynMatrix now supports open-loop resonator mod-
eling for coupled microstrip bandpass filters. Users can
leverage SynMatrix’s first principles design workflow,
starting with single resonator analysis, coupling scheme
analysis, input and output structure design and full 3D
layout and modeling. Users can choose between rect-
angular, square, triangle hexagon and U-shape reso-
nators; in addition, SynMatrix will enable users to cus-
tomize and edit the resonator shapes and parameters,
such as the line width and insertion depth, to fit design
requests optimally. Figure 4 shows the inputs and out-
puts for a triangular resonator.

Planar filter performance may not match cavity filter
performance in scenarios demanding better insertion
loss and power handling characteristics. However, the
form factor and cost benefits help provide design al-
ternatives for modern RF microwave systems. As planar
technology evolves and improves and diplexer design
volume and complexity demands continue to grow, pro-
ductivity and advanced design tools will become increas-
ingly important to help designers meet project timelines,
engineering specifications and economic goals.

SynMatrix Technologies Inc.
Richmond Hill, Canada
www.SynMatrixtech.com/
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SAVE THE DATE

THE 28TH EUROPEAN MICROWAVE WEEK

COMBINES THREE CONFERENCES:

+ The European Microwave Conference (EuMC)

* The European Microwave Integrated Circuits Conference
(EuMIC)

« The European Radar Conference (EuRAD)
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TechBriefs

iniRF Inc. has intro-
duced the MRFXF0589
miniature  high per
formance  transmis-
sion line transformer for RF wire-
less markets. The MRFXF0589 is a
broadband 50 Ohm 1:1 transformer
that covers a 5 MHz to 3 GHz fre-
quency range. lts unique electrical
characteristics provide RF design-
ers with better return loss, lower
insertion loss and a smaller pack-
age than our popular RFXF?503. Its
footprint is 20 percent smaller than
the RFXF9503, along with a 0.5 dB
reduction of insertion loss at 3 GHz.
Additionally, the MRFXF0589 re-
turn loss is improved to at least 15
dB across the band with improved
amplitude and phase balance. This

50 Ohm 1:1 Transformer
Operates to 3 GHz

transformer targets synthesizers,
mixers, output amplifiers and other
balanced RF circuit applications.
This next-generation 50 Ohm balun
offers high performance without the
need for circuit complexity.

MiniRF products are 100 percent
RF tested. This, plus MiniRF’s con-
trolled manufacturing techniques
and quality materials, inspire con-
fidence in the company’s ability
to provide high volume, low-cost
products. A ferrite core that pro-
vides sufficient low frequency in-
ductance, along with low insertion
loss over a broad operating tem-
perature range, is a key element in
this product design. This design in-
corporates other components and
strict assembly techniques to en-

sure proper impedance and consis-
tent high-frequency performance.
These and other design and
manufacturing techniques ensure
that the designer gets a reliable and
effective  component. Designing
with the MRFXF0589 enables radio
designers to develop high perfor-
mance radio systems without costly
components. This balun can be used
in multiple applications to provide
many advantages to wireless design-
ers. Contact MiniRF or RFMW for this
new broadband product.
MiniRF
Fremont, Calif.
www.minirf.com
www.rfmw.com//
manufacturer/minirf

ecdia, a supplier of thin

film substrates, diamond,

ceramic and precision-

machined products, has
recently released another dielectric
material for wire-bondable single-
layer capacitors. This type of capaci-
tor is proving to be critical for high
performance microwave circuits.
The K4200 material has an X7R
temperature coefficient, a relative
permittivity (K) of 4200 and an oper-
ating temperature range from -55°C
to 125°C. This K4200 has been add-
ed to the company’s list of propri-
etary materials. The updated list in-
cludes materials with K values of 10,
40, 90, 130, 280, 1600, 2800, 4200,
16,000, 30,000 and 50,000. Most of

84

High-K Material for
Microwave Circuits

the dielectrics can be lapped to spe-
cific thicknesses and singulated as
necessary to yield capacitance form
factors that are ideal for customer
requirements. This flexibility also
enables Tecdia to provide drop-in
replacement components to offer a
secure and stable supply chain for
second-source parts solutions. The
new wire-bondable capacitor lineup
ranges from capacitances of less
than 0.1 pF to values up to 10 nF.
These capacitors can be supplied
with footprints ranging from 0.2
mm x 0.2 mm (0.008 in. x 0.008 in.)
to 2 mm x 2 mm (0.080 in. x 0.080
in.). Thicknesses for these capaci-
tors range from 0.1 mm (0.004 in.)
to 0.3 mm (0.012 in.). In addition,

Tecdia continues to develop more
novel materials with characteristics
tailored to meet the needs of inno-
vative RF designs and provide opti-
mal solutions to customers.
Tecdia’s mission is to connect
the world through technology, in-
novation and people with amazing
ideas. Since its beginning, Tecdia
has showcased innovative prod-
ucts, superior quality, outstanding
customer care and their unique
technological formula for success.
Reach out to Tecdia for any of your
wire-bondable capacitor needs.

Tecdia

Morgan Hill, Calif.
www.tecdia.com
sales@tecdia.com
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Ansys Releases Ansys Coileraft’s MagPro DC-DC Optimizer is a
30 3 4 Rz complete converter application tool that
finds the most efficient inductor solu-

tions and analyzes their performance
to optimize your Buck, Boost and Buck-
Boost converters.

Ansys
WWW.ansys.com

— — Intro to RF Power
= Measurement = Measurements

Wlth a VGCtOI' An assortment of instruments and

Network * __. methods are used for measuring
power. In this article, the discus-

Analyzer sion is limited to electrical power,

; ; . defined as voltage multiplied by cur-
This app note gives an in-depth look at some of the rent. Discussion is further narrowed to RF power,
common mixer measurement applications of VNAs. which implies higher frequency, say signals greater
It covers conversion loss, compression, block con- than 10 MHz, requiring more sophisticated instru-
verters, vector mixer calibration and much more. mentation than a voltmeter due to the behavior of

high frequency electrical signals.

EMC Pre- :
. (bﬁghance Using

4 Sp

The new cable configurator tool enables
users to select the exact product options
for their design. The online tool allows for
quick access to cable product families.
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INTERESTED IN EXHIBITING?

Please contact one of our International Sales Team:

10,000 sgm of gross exhibition
space

Around 5,000 attendees

1,700 - 2,000 Conference delegates

In excess of 300 international
exhibitors (including Asia and US
as well as Europe)

Richard Vaughan, Victoria and Norbert Hufmann, Germany,
International Sales Manager Austria & Switzerland
rvaughan(ahorizonhouse.co.uk victoria@hufmann.info
Gaston Traboulsi, France norbert(@hufmann.info
gtraboulsi(ahorizonhouse.com Katsuhiro Ishii, Japan
Mike Hallman, USA amskatsu(aldream.com
mhallman(ahorizonhouse.com Young-Seoh Chinn, Korea

corres’l(@jesmedia.com

CALL +44(0) 20 7596 8742 OR VISIT WWW.EUMWEEK.COM




NEW PRODUCTS

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE
FEATURING (JVENDORVIEW STOREFRONTS

DEVICES/
COMPONENTS/MODULES

Multi-Channel True Time Delay Unit
Y)VENDORVIEW

Building off the

ANALOG success of its single

channel time delay
unit, the ADAR4002,
ADI has expanded its
True Time delay
offerings. The
ADAR4000 and
ADAR4001 are highly integrated products,
providing multiple channels operating from 2
to 18 GHz. The true time delay cores ensure
beam-squint free wideband operations. Both
devices have four channels, each with a
7-bit true time delay and a digital step
attenuator. The total time delay range is
508 ps per channel and includes program-
able amplifiers and on-chip memory, all in a
6 mm x 6 mm package.

Analog Devices

www.analog.com

ourtesy of
2olyfet RF Devices

Wedge, Ball and Ribbon
Wire Bonding

88

GaAs MMIC Filters

Electro-Photonics LLC
Ea m = announced the launch
=

of their latest

innovation in
microwave and mmWave technology: the
GaAs MMIC filters. Designed with precision
and advanced engineering, these filters set
a new standard in performance and
reliability for high frequency applications.
Measuring just 1.6 x 0.8 x 0.1 mm, these
filters are perfect for space constrained
designs, ensuring seamless integration into
your compact electronic systems. Measuring
just 1.6 x 0.8 x 0.1 mm, these filters are
perfect for space constrained designs,
ensuring seamless integration into your
compact electronic systems.
Electro-Photonics LLC
www.electro-photonics.com

D-Band Down-Converter

)VENDORVIEW
measurements, model

STC-11417400-06-C1

is a D-Band down-converter that includes an
internal bypass switch. It converts signals
from 110 to 170 GHz to a range spanning 5
to 65 GHz. Noise figures are measured
when the down-converter is active.
S-parameters are measured when the
down-converter is bypassed.

Eravant

www.eravant.com

Designed for VNAs
capable of cold-
source noise figure

Waveguide Fixed Attenuators

Y)VENDORVIEW

¥ Fairview announced
the launch of its new
line of waveguide
fixed attenuators.
These advanced
attenuators are
designed to meet the
rigorous demands of
high frequency applications, offering
unparalleled performance and reliability. The
new waveguide fixed attenuators are
available in a range of waveguide sizes,
including WR-10, WR-12, WR-15, WR-19,
WR-22 and WR-28. Their attenuation-levels
of 3, 6, 10, 20 and 30 dB provide versatile
options to suit various needs in signal
attenuation and power control.

Fairview Microwave
www.fairviewmicrowave.com

0.7~6 GHz 50 W Surface-Mount
90° Hybrid
)VENDORVIEW

- - Micable just released
the new 0.7 to 6 GHz
I high-power surface-
mount 90-degree
hybrid. It has low
insertion loss (1.0 dB maximum), excellent
VSWR (1.50:1 maximum), extremely good
amplitude unbalance (+1.1 dB maximum)
and phase unbalance (+9 degrees maxi-
mum), high isolation (15 dB minimum) and
50 W power handling capability with
excellent stability and heat dissipation
ability in a small package. It is suitable for
power amplifier, power combining network,
antenna feed network, modulator and phase
shifter applications.
Micable
www.micable.cn

—_—

High-Power RF Terminations

JVENDORVIEW

Pasternack an-
nounced the launch of
its new series of
high-power RF
terminations. They
are designed for use
in telecommunica-
tions, broadcasting,
satellite communications and other high
frequency applications where reliable signal
termination is essential. The new high-power
RF terminations are engineered for superior
performance and reliability. They offer
maximum power ratings of 5, 10 and 50
watts (continuous wave), making them ideal
for a wide range of applications.

Pasternack

www.pasternack.com

Absorptive Switch
\JVENDORVIEW

Quantic PMI Model
P1T-18G40G-90-
1515-292FF-ROHS is
an absorptive, high
speed, single pole,
single throw switch
capable of switching
within 15 to 25 ns.
The frequency range is 18 to 40 GHz with a
> 90 dB of isolation; insertion loss of 4.93
dB; VSWR 1.7:1; and input power 23 dBm.
Housing size is 1.37 x 1.50 x 0.60 in. with
2.92 mm female connectors. ROHS
compliant.

Quantic PMI

www.quanticpmi.com
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;. Talent Microwave | Wide Band High Power Amplifier| www.talentmw.com/en/

Features

26.5-40GHz 500W

Solid State Power Amplifier

Ultra Wide Band: 26.5-40GHz
Gain: 57dB Min ¢

Output Power: 57.5dBm Min
High-efficiency GaN technology
Low power consumption

Low spurious signal

Forward/reverse power monitoring

©)
@)
©)
©)
©)
O
O
@)

Over voltage, over temperature, over

current protection

O

Optional overdrive protection

Pout@Pin

—

-50 -48 -46 -44 -42 -40 -38 -36 -34 -32 -30 -28 -26 -24 -22 -20 -18
Pin(dBm)

em—POut@26.5GHz POUt@33GHz e Pout@40GHz

DC solid state power amplifier Modules AC Type Benchtop Power Amplifier up to 10KW

Fast DeIive‘ !

O 26.5-40GHz Output Psat: 47dBm
O Model: TLPA26.5G40G-47-47

Three Years Warranty

© 0.5-6GHz 500W  Solid State Power Amplifier
© 6-18GHz 250W  Solid State Power Amplifier
© 2-18GHz 100W  Solid State Power Amplifier
© 26-40GHz 500W Solid State Power Amplifier
D © 2-18GHz Output Psat: 45dBm ) 40.60GHz 100W Solid State Power Amplifier

; + O Model: TLPA2G18G-45-45 © 75-100GHz 10W  Solid State Power Amplifier

O 8-18GHz  2000W Pulse Solid State Power Amplifier

Web:www.talentmw.com/en/ Mail:sales@talentmw.com Add:Suzhou, China
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PRESERVING SIGNAL INTEGRITY

40 GHz RF Downconverter
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NewProducts

0.1 to 20 GHz High-Power SPDT Switch
)VENDORVIEW

Available now from RFMW, the Marki
Microwave MSW2-1002HLGA is a 100 MHz to
20 GHz reflective SPDT switch with average
insertion loss of 0.8 dB and 44 dB isolation.
It has input power handling and hot switching
capability of 33.5 dBm, all in a compact 2.25
x 2.25 mm LGA for surface-mount integration
on circuit board-based systems.

RFMW

www.rfmw.com

Wideband 4-way Power Divider

Sigatek introduces a new addition to the
family of 4-way power dividers covering the
frequency range of 0.5 to 40 GHz. The
SP70408 has an operating frequency range of
10 to 40 GHz with a typical performance of
1.5 dB loss, amplitude balance better than 0.4 dB and isolation
greater than 15 dB. The return loss is better than 15 dB and phase
balance is less than 6 degrees across all 4 output-ports. Dimen-
sions are 2.30 x 0.75 x 0.40 in. with 2.92 female connectors.
Sigatek LLC

www.sigatek.com

- e -

TSX Wire Bondable Fixed Chip Attenuator Series
J/)VENDORVIEW
Smiths Interconnect has extended its offering
of high frequency surface-mount chip
attenuators with the release of its new TSX
wire bondable fixed chip attenuator series, a
small, easy-to-implement, high-reliability
product qualified for space and defence
applications. The new TSX WB2 Series is qualified to MIL-PRF-55342
and designed to offer excellent broadband performance up to 50
GHz, while delivering increased power handling in a small 0404 wire
bondable package. It allows wider coverage than traditional
components while providing optimized return loss for multiple
frequency ranges.
Smiths Interconnect
www.smithsinterconnect.com

CABLES & CONNECTORS
PT Test Cable

The Anoison PT test cable is designed for
maximum ruggedness using a high-quality raw
cable, connector and smart armoring module.
Thus, Anoison offers top-grade test cables at
a more reasonable cost. A great test cable must be durable. While
most test cables in the market perform well in pulling and crushing,
they often get damaged due to frequent twisting and bending at the
cable end. Anoison has addressed this issue, and the PT cable can
withstand frequent twisting and bending over the long term.
Anoison

www.anoison.com

EMI Filtered Connectors

PN Mobix Labs Inc. launched its latest EMI filtered
. ARINC 404 and ARINC 600 connectors for
defense and aerospace applications. These
versatile connectors can be customized with
planar arrays, ceramic Pi tubes or chip
capacitors to meet demanding military
specifications. The new connectors are designed to deliver exceptional
performance and reliability, featuring advanced EMI filtering options to
ensure optimal signal integrity and minimal resonance. They offer
insertion loss of 70 to 80 dB for Pi filters and 50 to 60 dB for C filters.
Mobix Labs Inc.
www.mobixlabs.com
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NewProducts

Non-Magnetic Connectors

Withwave’s non-mag-
netic connectors are
4y widely used in
applications that
experience strong
maghnetic field can
cause interference or introduce errors, such
as quantum computing, magnetic resonance
imaging (MRI) equipment and aerospace
industry. They feature a DC to 40 GHz
frequency range and are available in various
interface sizes.

withwave co., Itd

www.with-wave.com

AMPLIFIERS

Solid-State LS-Band Amplifier
J/)VENDORVIEW

Exodus Advanced
Communications’
AMP2074P-LC-8 KW
pulse amplifier is
designed for pulse/
HIRF, EMC/EMI
MIL-STD 461/464
and radar applica-
tions. Providing superb pulse fidelity 1.0 to
2.5 GHz, 10 KW typical and up to 100 usec
pulse widths. Duty cycles to 6 percent with
a minimum 69 dB gain. Available monitoring
parameters for forward/reflected power in

Frequency Matters.

CISPR 25 Methodology
Enhances In-Vehicle
Infotainment Display EMC

UWB'’s Increasing Role in
Automotive Applications

92

watts and dBm, VSWR, voltage, current,
temperature sensing for outstanding
reliability and ruggedness in a compact
configuration.

Exodus Advanced Communications
www.exoduscomm.com

Power Amplifier

Falcomm has sought
s to provide the next big
O a4 leap in technology
= N that will drastically
._Q improve energy
- efficiency over the
state of the art. As part of their efforts,
Falcomm has released their first power
amplifier product, the FCM1401. The power
amplifier product features Falcomm’s
proprietary technology, the ultra-efficient
Dual-Drive™ architecture, and was
implemented using the GlobalFoundries
130NSX1 process. It offers significant
advantages in its exceptional performance,
improved energy efficiency and thermal
management cost reduction.
Falcomm
www.falcomm.com

Low Noise Amplifier

/VENDORVIEW
- Richardson RFPD,
’sumu.{_ Inc., an Arrow
5 Electronics company,
ﬂ announced the
s in-stock availability
and full design
Avsdaste e support capabilities
Aglichteniten for a new RF low

Sponsored By

@ rRFMW Quantic MWD

noise amplifier from Guerrilla RF, Inc. The
GRF2110 is a broadband, ultra-low noise
linear amplifier designed for Wi-Fi 6/6E,
small cell, wireless infrastructure and other
high performance RF applications up to 8
GHz. The standard tune exhibits outstanding
noise figure, linearity, return loss and gain
flatness from 5 to 8 GHz.

Richardson RFPD

www.richardsonrfpd.com

RF Signal Amplifier

Model A10200 is an
ultra-small footprint,
ultra-wideband, high
power amplifier
designed for high
frequency, high power, signal amplification.
With an ultra-high bandwidth of almost 20
GHz and up to +28 dBm power into 50
Ohms, the A10200 is the ideal complimen-
tary amplifier to any signal source that
needs an extended power boost for
demanding applications.

Tabor Electronics

www.taborelec.com

VHF to S-Band Low Noise
Amplifiers

Teledyne e2v HiRel
announced the
availability of two
enhanced plastic VHF

ﬁ 0 to S-Band low noise
amplifiers (LNAs),

models TDLNA2050EP and TDLNAO430EP
which are ideal for use in demanding
high-reliability applications where low noise

Catch up on the latest industry news with the bi-weekly video update
Frequency Matters from Microwave Journal @ www.microwavejournal.com/frequencymaters

Flat Panel Antennas:
Why We Need Industry
Collaboration to Foster

Innovation

EW, Radar & MilCom
Supplement
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NewProducts

figure, minimal power consumption and
small package footprint are critical for
success. These LNAs, developed on a 250
nm enhancement depletion mode pseudo-
morphic high electron mobility transistor
(PHEMT) process, are available in an 8-pin
dual-flat no-lead 2 x 2 x 0.75 mm plastic
surface-mount package.

Teledyne e2v HiRel
www.teledynedefenseelectronics.com

TEST & MEASUREMENT

Thermoelectric Refrigeration
Cooling/Heating System
VENDORVIEW

Cernexwave’s
- thermoelectric

refrigeration cooling/
heating system is a great solution to bring
your components to the optimum tempera-
ture for testing. They have a temperature
control range of -45°C to +120°C with fast
temperature change speed and high
accuracy. The large cooling/heating plate
dimensions and small overall footprint allow
these units to be used for a great range of
components in labs of any size.
Cernexwave
www.cernexwave.com

Multi-Channel Frequency Analyzer

The CNT-102 high
performance
frequency/time-inter-
val analyzer supports
parallel frequency,
phase or time measurements on two input
channels simultaneously. Gap-free technol-
ogy, along with 14 ps resolution, up to 13
digits/s frequency resolution and 1M
results/s sampling simplifies ADEV and
related frequency stability measurements.
Three timebase options and RF frequency
support up to 15, 20 or 24 GHz via software
upgrade on select hardware configurations
satisfies a wide range of performance
demands and/or budget.

Pendulum Instruments
www.pendulum-instruments.com

RF Microwave Generators

Saelig Company, Inc.
has introduced Rigo

DSG5000 Series RF
microwave generators
which can generate

high-quality RF signals

up to 20 GHz with

amplitude, frequency,
phase and pulse modulation capabilities.
These generators are available with two,
four, six or eight independent RF channels,
housed in a 2U rack-mountable case. The
DSG5000 Series of signal sources feature
an impressive +1-degree long-term phase
stability between channels and they are
designed for high frequency work in
applications like radar and quantum
research.
Saelig Company, Inc.
www.saelig.com
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MICRO-ADS

RF Amplifiers, Isolators and
Circulators from 20MHz to 40GHz

» Super low noise RF
amplifiers

» Broadband low noise
amplifiers

¥ Input PIN diode protected low

noise amplifiers
» General purpose gain block
amplifiers

> RF isolators and
circulators

» High power coaxial and
waveguide terminations

» High power coaxial
attenuators

> PIN diode power limiters.

> Active up and down
converters

Wenteq Microwave Corporation
138 W Pomona Ave, Monrovia, CA 91016
Phone: (626) 305-6666, Fax (626) 602-3101
Email; sales@wenteq.com, Website: www.wenteq.com

Improving SWAP for 02"
Military Applications

Check out this month’s featured
eBooks, online at
mwijournal.com/ebooks

REVOLUTIONARY
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of
MIL-STD-348, buit utilize unique housing
interface features, which significantly improves
reliability and production assembly yields.
Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar
and other package materials

SPECIAL HERMETIC PRODU
PO BOX 269 - WILTON — NH
)

Web: www.shp-seals.com

Two Part, Thermally
Conductive, Electrically
Insulating Silicone

MasterSil 153A0

&

0.93-1.08 W/(meK)
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EW 101: A First Course in Electronic Warfare

By David L. Adamy

Warfare by David Adamy stands
as a cornerstone in the microwave
aerospace and defense sector’s library,
distinguishing itself through its readabil-
ity and practical approach. Originally a
series of magazine articles, Adamy’s text
is notably more accessible than compa-
rable academic texts, making it an ideal
read, particularly for novice engineers in
the field of electronic warfare (EW).
Adamy, a veteran in the EW arena,
leverages his extensive experience to
provide a comprehensive introduction
to the field. The book covers crucial as-
pects of EW, including EW electronics
like antennas, receivers and processing,
as well as battlefield concepts such as
jamming, emitter location, low probabil-
ity of intercept signals and search strate-
gies. It even delves into EW simulation,
offering a rounded perspective on the

E W 101: A First Course in Electronic

Wideband
Microwave
Materials
Characterization

JOHN W. SCHULTZ
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subject.

Published initially in 2001, the book’s
continued relevance is impressive, given
the advancements in technology such
as GaN, MMICs and direct sampling
architectures. Adamy focuses on funda-
mental principles and general rules of
thumb rather than complex mathemati-
cal equations, which enhances the text’s
accessibility but may leave those seek-
ing deep mathematical insights wanting
more.

While some might find the book slight-
ly verbose for an introductory overview
and too basic for detailed technical
study, it remains one of the few works on
EW that is genuinely enjoyable to read.
Its enduring relevance is a testament to
the timeless nature of the subject mat-
ter, which remains pivotal in the world of
radars, jets and countermeasures today.

EW 101: A First Course in Electronic

Bookenc

Warfare is highly recommended for mi-
crowave and electrical engineers eager
to gain insights into the dynamic field
of EW. It serves as an excellent starting
point for anyone looking to understand
the complexities of this crucial aspect of
modern defense technology.

ISEN: 9781580531696
Pages: 328

To order this book, contact:
Artech House (2001)
us.artechhouse.com
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~ computational electromagnetic modeling methods that
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2021, but they are not a newcomer to the elec-

tronics industry. The company traces its heritage
back more than 90 years and includes some of the most
recognizable names in the industry. What is now Stellant
Systems started in Charles Litton's garage in 1932 and
grew into Litton Industries. Howard Hughes' Electron Tube
Laboratory got involved in 1959 and along the way to
becoming Stellant Systems, there were multiple acquisi-
tions and consolidations of divisions that operated under
organizations like Sylvania, Loral, GM Hughes, Sperry, GE,
RCA, Raytheon, Northrop Grumman and Boeing. Finally,
after the merger of L3 Technologies and Harris Corpora-
tionin 2019, Arlington Capital Fartners (ACP) bought the
Electron Devices and Narda Microwave-West divisions from
L3 Harris and renamed this entity Stellant Systems.

Stellant has expanded upon this heritage to become
a $ 300 million manufacturer, employing nearly 1100
people. The company specializes in components and
systems for critical spectrum and RF power applica-
tions. Befitting its origins in Litton Industries and the
Hughes Electron Tube Laboratory, Stellant is the only
vertically integrated supplier of traveling-wave tube
amplifiers (TWTA) for space applications and the only
U.S.-based manufacturer of space-qualified traveling-
wave tubes (TWT).

However, Stellant manufactures more than tube-
based products. In addition, the company develops and
manufactures solid-state power amplifiers (SSFA) and
active and passive control components from its 12
separate product lines that address four different mar-
kets. Stellant products are manufactured in five facili-
ties in the U.S. and address opportunities in the space,
defense, industrial and medical and scientific markets.
In the space market, Stellant has been providing tube-
and solid-state-based active products and passive
components for more than 50 years. These products
range from 1 to 70 GHz with output powers that can

@ tellant Systems was founded toward the end of
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exceed 500 W. The product offering for the defense
market is even broader, with frequencies to 95 GHz and
power levels for some tube-based products reaching 6
MW. In the medical and scientific and industrial markets,
Stellant tube-based products are used in a broad range
of applications.

Stellant’s rich heritage of acquisition and consolida-
tion has enabled a diverse, full-featured facilities foot-
print. The company has two facilities in California. The
Torrance headquarters addresses space and defense
markets. This facility also offers specialized capabilities
in metalization, deposition, chemical processing, brazing,
inspection and analysis. A Folsom facility addresses
space and defense applications and provides environ-
mental testing laboratories, laser welding, RF chip-and-
wire assembly, test and inspection service capabilities.
This facility also offers metalization, chemical process-
ing, welding, brazing, high-power and environmental test-
ing capabilities. A facility in Williamsport, Fa., houses 10
of the Stellant product lines that address all markets
except for space. A Fower Systems Technology group
became part of Stellant through the Comtech PST
acquisition. This group manufactures high-power SSPAs
and control components, along with receiver protection
products in Melville, N.Y,, and Topsfield, Mass. In total,
these facilities occupy slightly more than 500,000 sq.
ft. and provide multiple Class 100,000 cleanrooms.

All facilities are 150 9001:2015-certified and all the
facilities, except Topsfield, are AS9100-certified.

With a rich heritage and deep roots in high-power
RF products and applications, Stellant continues to
expand its size and capabilities organically and through
acquisition. Stellant prides itself on performance,
precision and durability, along with understanding the
needs of the ecosystem. These principles are perfectly
reflected by the belief that “together we can go further”

https://stellantsystems.com/
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Protecting Fully Digital, Multi-Mission
Radar Receivers with Agile Filters

Peter Matthews

Knowles Precision Devices, Cazenovia, N. Y.

adar plays a critical role
in a variety of aerospace
and defense applications. As the mission
types evolve, fully digital phased array
technology that can handle multiple ra-
dar, electronic warfare and communica-
tions functions with different frequency
and bandwidth requirements is emerg-
ing. A fully digital phased array is soft-
ware-defined, meaning each element
can be controlled and tuned indepen-
dently, making it possible to configure
compact multi-mission radar systems.
But there are new complexities, espe-
cially related to ensuring proper filtering
in these increasingly tight spaces, that
must be overcome when implement-
ing a fully digital antenna design. This
article explores how radar designers can
overcome the complexities of using fully
digital beamforming and how to address
the new filtering challenges related to
this evolving radar technology.

A Brief Review of the
Evolution of Radar

Since the beginning of the 20t cen-
tury, radar has rapidly evolved from a
fairly simplistic device only capable of
short-range object detection to the so-
phisticated systems of today that can
stealthily provide detailed imaging and
real-time data for objects thousands of
miles away. As a result, radar systems
have transitioned from passive detection
to active detection techniques that use
analog signal processing methods to the
active digital technology we are familiar
with today. Figure 1 shows an overview
of the evolution of radar systems.

Radar system architectures are also
evolving to support the radar system
transitions shown in Figure 1. These
architectures give system designers a
wide range of solutions that can be op-
timized to meet system requirements.
Figure 2a shows a passive phased ar
ray. Figure 2b shows an active phased
array. Figure 2¢c shows a subarray digi-
tal phased array and Figure 2d shows
an element-level digital phased array.

6

The industry is experiencing a tech-
nological shift. It is evolving from sub-
array digital phased arrays to element-
level digital arrays. In subarray digital
phased arrays, antennas are divided into
smaller subarrays that share common
signal processing components and per
form beamforming in the subarray at the
RF or intermediate frequency (IF) level.
Element-level digital arrays perform digi-
tal beamforming at the individual anten-
na element level. Element-level arrays,
which are also known as fully digital
phased arrays, have an analog-to-digital
converter (ADC) connected directly to
each antenna. As a result, this technol-
ogy offers unparalleled flexibility, perfor-
mance and scalability for radar systems.

The Benefits and
Challenges of Fully Digital
Phased Arrays

In a fully digital configuration, the
functions of each antenna are soft-
ware-defined. Each element can be
controlled and tuned independently,
allowing users to implement more
complex beamforming algorithms that
can split beams in multiple directions
or detect and transmit beams at differ-
ent frequencies simultaneously. Addi-
tionally, since the ADC is closer to the
antenna element, the dynamic range is
improved and more signals can be de-
tected. With so many capabilities, one
radar system can now be used for mul-
tiple missions; this saves space, which
is crucial for tight environments such as
on a ship.

However, like most applications,
compact size and additional capabili-
ties come with challenges. Locating
devices closer to the

receivers pick up all signals from all di-
rections since the antenna cannot be
pointed away from a specific signal. Ad-
ditionally, there is also the potential for
the antenna to jam itself if the signal
from one transmit beam impacts the
reception of another, for example. To-
gether, these challenges make it crucial
to have high performance yet compact
filters for these systems.

Simplifying Digital
Receiver Design with
Direct Sampling

Filters are essential components
that protect a radar receiver. These
small passive components do a big job;
they clean up the signal “messes” cre-
ated either outside the radar or made
by the radar itself. While a typical het-
erodyne receiver requires multiple fil-
ters to clean up these messes, direct
sampling is a technique that can be
implemented in a digital array to di-
rectly convert analog signals to a digital
format without using an IF conversion
stage. As a result, direct sampling elim-
inates the need for a mixer and an am-
plifier in the receiver, along with the fil-
tering required by those functions. This
reduces the size of the receiver. To illus-
trate these benefits, Figure 3a shows
a block diagram of a typical heterodyne
receiver. Figure 3b shows the block
diagram for a direct sampling receiver,
which achieves the same system func-
tion with far fewer components.

In a direct sampling receiver, one fil-
ter selects the correct band of interest.
It removes out-of-band interference
and another filter cleans up any interfer
ence generated by the amplifier, along

antenna element im-
poses physical size
constraints for the
electronics and pas-
sive components
needed behind every
radiating element.

tive Analog Active Digital

Subarray Element

Second, fully digital

A Fig. 1 A summary of the evolution of radar.
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A Fig. 2 (a) Representative passive phased array radar system block diagram. (b) Representative active phased array radar
system block diagram. (c) Representative subarray digital phased array radar system block diagram. (d) Representative element-
level digital phased array radar system block diagram.
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As described ear
lier, half-wavelength
element  spacing
optimizes antenna
performance, o)
arrays are also be-

TABLE 1

UPPER-FREQUENCY HALF-
WAVELENGTH SPACING FOR SOME
COMMON BANDS

Band FL FH N2 .
. . coming denser as
D t GH. GH. >
esignation (GHz) (GHz)  (mm) operational fre-
S 2 4 37.50 | quencies increase.
< 8 12 1250 Table 1 shows
half-wavelength
Ka 27 40 375 distances in free

A Fig. 3 (a) Typical heterodyne receiver block diagram. (b)
Typical direct sampling receiver block diagram.

with selecting the alias bands of the ADC. It is important to
note that these filters should be small, under a half-wave-
length at the frequency of interest. As radar systems move
to higher frequencies, filters need to become even smaller.
Additionally, a multi-mission receiver will typically require
switching from wideband to narrowband coverage or keep-
ing operating frequencies away from frequencies to avoid.
Protecting the receiver over its range of applications requires
a small, agile filter bank and the physical dimensions of the
entire filter bank must be less than a half-wavelength.

Miniaturizing Filter Technology

As the operational frequencies of radar targets of interest
increase, the wavelengths of these signals become shorter.
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space for the upper
frequency range for some common bands.

As array density increases, it becomes even more critical to
have the ability to steer beams to avoid interference, especial-
ly when transmitting signals. This raises an interesting ques-
tion: instead of solely relying on reducing the size of filters,
what if a filter could alter the speed of the signal in the mate-
rial? Doing this effectively changes the wavelength. Equation
1 shows the classic equation that relates the frequency and
wavelength of a signal to the speed of light in free space.

c=vi (1

Where:

¢ = speed of light in free space

v = frequency

\ = wavelength

Equation 1 shows how it is possible to change the speed
of a signal in a material. Using different materials makes it
possible to change cto the velocity of propagation in the ma-

Frequency Pg,, Gain Efficiency Package
Device Band (GHz) w) (dB) (%) (mm)
GRF0415 18 6.5x7 DFN-6
GRF0450 L-Band 1.2-14 500 18 ACP 800 4L

GRF0250 0.96-1215 500 18 66 ACP 800 4L
GRF0512 2.7-33 125 15 63 ACP 462 2L
GRF0315 2733 150 17 67 6.5x7 DFN-6
GRF0125 i 2731 250 155 ACP 462 2L
GRF0525 3135 250 16 65 ACP 462 2L
GRF0905 X-Band 9.1-99 50 14 51 7x6 LGA
GRF0910 9.1-99 100 22 42 10x12 LGA
p> Discrete Wideband 50V GaN HEMT PAs
Frequency s Gain Efficiency Package
Device (GHz) (dB) %o, (mm)
GRF0150 DC-8.0 15 20 63 ACC NI-200
GRF0031 DC-7.0 30 19 68 ACC NI-200
GRF0051 DC-6.0 50 19 66 ACC NI-360
GRF0081 DC-3.7 80 19 68.6 ACC NI-360
GRF0110 DC-3.7 110 21 65 ACC NI-360
GRFO150 DC-3.2 150 18 70 ACC NI-360
GRF0180 DC-3.2 180 18 66 ACC NI-650
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terial. Changing the speed of the elec-
tromagnetic wave for a given frequency
results in a different wavelength. For-
tunately, when manufacturing distrib-
uted element filters on microstrip, for
example, these filters will only occupy
a fraction of a wavelength. If the wave-
length in the material can be reduced,
the size of the filter will decrease. For a
microstrip line, the wavelength is deter
mined using Equation 2
A
A=
(Eeff)o's

Where:

A =Wavelength in microstrip

\ = Free-space wavelength

eo = Effective dielectric constant,
which depends on the dielectric constant
of the substrate material and the physical
dimensions of the microstrip line.

This equation shows how changing
the substrate and the dielectric con-
stant can impact the wavelength inside
the microstrip filter.

Shrinking the Switched Filter Bank
While switched filter banks are tradi-
tionally associated with larger footprints,
the same concepts described above can
be applied to this technology as well.

2

Filter manufacturers such as Knowles
Precision Devices are leveraging materi-
als science innovations to shrink the size
of each filter. Then, using high-precision
lithographic processes, these microstrip

more channels. Figure 5 shows a four
channel filter bank design that features
a 3D-stacked structure with alternating
filters and interposer boards mounted di-
rectly to the PCB. This packaging concept

filters can be pat-
terned onto custom
ceramics, resulting in
significantly reduced
fiter form factors.
Figure 4 shows an
example of this tech-

Relative Filter Size
Compared by Material

PCB with 3.7 dK
#R04350b

99.6% Alumina
DLI Brand PG

nigue and the size

DLI Brand CF

reduction  possible

DLI Brand CG

with printed circuit
board (PCB), alumina

and three custom
dielectric  materials.
Beyond miniaturizing Filter Characteristics
filter components Compared by Material

to meet emerging
requirements, there
is also an opportu-
nity for innovation in
the packaging of the
switched filter bank.
With  consideration
for input size and
how narrow an out-

Material

PCB with dK
#R04350b

99.6% Alumina 9.6
DLI Brand PG 125
DLI Brand CF 25
DLI Brand CG 67

dK  Effective K**

**Values are for Frequency 10 GHz on 0.010 in. Substrate

Wavelength at 10 GHz

(in.) (mm) Pct. Reduction

28 0.707 (17.96) —

6.5 0.462 (11.73) 34.7%
82 0.412 (10.46) MN.7%
15.1 0.304 (7.72) 57.0%
36.8 0.194 (4.93) 72.6%

put needs to be, a de-
signer has room for

Fig.4 A comparison of the size and filter characteristics
for different dielectric materials.
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reduces internal spacing, which ultimately reduces the size of
the filter bank.

Important RF Considerations for Radar
Filters

Beyond bandwidth capabilities and size, several important
factors must be considered when selecting the filters to in-
clude in a switched filter bank for a radar system. This next
section explores how temperature stability, tolerance and
phase performance can impact filter performance.

Temperature Stability

When selecting filter types and materials, the effects of
the operating environment on filter performance must be
considered. For microstrip filters, temperature stability is a
crucial contributor to the frequency stability of the filter. In
turn, the properties of the substrate materials are vital con-

tributors to temperature stability. Let's consider this com-
parison of characteristics, including temperature stability, for
filters built on two common substrates, alumina and PG and
three custom Knowles Precision Devices ceramics. The re-
sults are shown in Table 2.

Manufacturing Tolerances
It is also essential to analyze manufacturing tolerances
when selecting filters for a switched filter bank in a radar
system. Manufacturing tolerance refers to the acceptable
deviation from the specified design parameters during the
manufacturing process. For example, suppose a manufac-
turer specifies that a filter’s center frequency is 2.4 GHz
with a +100 MHz tolerance. In that case, the actual center
frequency can only range from 2.3 GHz to 2.5 GHz to still
be considered acceptable. Manufacturing tolerances impact
filter performance, especially at higher frequencies where
tolerance impacts can become significant.

4003 ¥t ere3 58
4000 § o ered 35
400 B ered 85
003 B owt ered 83

Interposer Board
mounts to mother board

RF Board
/ Mounts on
/  Interposer Board

If a radar system needs to operate pre-
cisely and reliably at higher frequencies, it
is worthwhile to consider selecting filters
with tighter tolerances.

_smi | Phase Performance

Characterizing phase is an important
and often overlooked aspect of assessing
filter performance. Phase performance re-
lates to how a filter affects the phase of
the signals passing through the filter. Since
filters can introduce phase shifts to the

|
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not introducing much, if any, additional phase shift. This is
essential for maintaining the integrity of the signals passing
through a filter. Some factors to consider when specifying or
characterizing phase performance:

¢ Phase linearity: This is a measure of the linearity of the
filter's phase response across its passband. Any nonlinearity
in the phase response can distort the processed signals.

¢ Phase stability over temperature: Minimizing the phase
variability over a range of temperatures allows for more ac-
curate measurements and reduces calibration requirements.
¢ Phase length repeatability: Consistency over variables

TABLE 2

CHARACTERISTICS OF COMMON SUBSTRATES AND KNOWLES
PRECISION DEVICES CUSTOM CERAMICS

Coefficient Temperature

such as temperature, frequency and repeatability contribute
to increased signal coherence, image quality and measure-
ment accuracy.

Embracing Fully Digital Phased Array
Technology for Radar

To meet the challenges presented by modern signal mon-
itoring, designers need to consider fully digital beamform-
ing techniques. When using fully digital phased arrays, each
antenna element becomes independently controllable, en-
abling complex beamforming algorithms and multi-mission
functionality. The result is emerging and
planned radar systems with unprecedent-
ed flexibility and capability.

As the article has discussed, this tran-
sition to fully digital beamforming pres-
ents its own set of challenges, particularly

Surface
Finish
(minch)

Dielectric =~ Typical
Constant Loss
(Tolerance) Tangent

Coefficient of
Capacitance

(ppm/°C)
Alumina ol U

2t 1 MHz P120 + 30
(AI203) in much smaller form factors, allowing de-

125+ 05) | 0.0002 P22 + 30 signers to develop compact switched filter
0.0003 o 2 ot et S n e

&1 : < xcellent | Now, agile radar systems that take advan-
. :

of Thermal
Expansion
(ppm/°K)

Substrate

WA when it comes to filtering solutions that
Material

SR provide the required performance in these

compact, multi-mission systems. Howev-
99.6% er, with recent advancements in materials
65t07.5 Poor science, filter components can be made

4
8 (£ 1) 0.0004 N20 + 15 tage of fully digital beamforming technol-

ey ogy hold tremendous potential for meet-
CG (£3) 0.0008 11.0 0+30 Good | ing the evolving demands of aerospace,
defense and public safety applications. B
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Analog Transformation:
The Missing Link to Achieving

Mass Affordability/Affordable
Mass in Defense Systems

lan Dunn
Spectrum Control, Fairview, Pa.

key goal for next-generation
defense systems is to achieve
a new level of mass affordability and affordable
mass that will allow for persistence and hedg-
ing in future conflicts. Digital transformation has
been at the forefront of the defense communi-
ty’'s initiatives to create systems that are lower
cost, smaller and faster without compromising
performance. This digital innovation has benefit-
ted from catalysts, such as interoperability, soft-
ware enablement and a full ecosystem of tech-
nologies, products and solutions.

These catalysts have seemed largely incom-
patible with the analog world, where most inno-
vation has been associated with commercial vol-
umes but has not been readily translatable to the
defense sector. A new design approach is chang-
ing all of that. By focusing on the development,
integration and deployment synergies between
digital and analog technologies, the Department
of Defense (DOD) can unlock previously unat-
tainable levels of mass affordability.

Mass Affordability for Affordable
Mass

The ability to manufacture at scale plays a
critical role in preparing for conflict. Affordable
mass refers to the capability to produce large
quantities of weapons systems at a cost that is
sustainable over long periods, especially in the
face of prolonged conflicts. It ensures that mili-
tary forces remain equipped and can sustain op-
erations without the risk of munition depletion.
Affordable mass supports sustained operational
capability, deterrence through volume and versa-
tility in response.

Mass affordability, conversely, focuses on
minimizing the costs of individual units of weap-
onry to maximize production and deployment

capabilities within fixed economic constraints.
This approach allows for a broader distribution
of technology and resources, ensuring that ad-
vanced capabilities are not only available but also
sufficiently abundant to reach widescale adop-
tion and utilization. Reduced cost enables the
DOD to invest in newer technologies, increase
production runs and stabilize evergrowing de-
fense expenditures.

Analog Not Keeping Pace with
Digital

Analog has been both the mass and back-
bone of weapons systems throughout contem-
porary history. However, the limitations of purely
analog systems, inflexibility, manual errors and
inefficiencies, are apparent and are coupled with
an exquisite design-to-requirements flow-down
process. This has raised costs and hindered
much-needed productivity improvements and
mission-driven innovations. Today, the backbone
of most weapons systems has transitioned to
all-digital with a design process that is almost
entirely digital. Additionally, the increasing use of
digital twins is easing integration and lessening
the potential for errors.

Digital flexibility, however, is no longer a sub-
stitute for mass affordability. Cost per digital
mission is not an economically viable choice if
the dominance of the underlying analog platform
is no longer assured. The inflexibility of the ana-
log world becomes an affordability impediment
once again in this scenario. According to a re-
port from the Hudson Institute,” in the absence
of dominance, bets need to be hedged to make
mass as affordable as possible.

Analog Transformation
Analog transformation requires a funda-
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mental re-envisioning of analog com-
ponents and systems by incorporat-
ing digital capabilities to optimize and
streamline integration. This will lead to
automated test and tuning functions
and, finally, enable real-time adaptabil-
ity in the field. The outcome is that the
analog function behaves more like a

digital building block while retaining its
high-fidelity analog performance.

This capability can be referred to as
a digital gateway with a representative
block diagram, as shown in Figure 1. A
digital gateway can be embedded into
an analog circuit with minimal impact
on the size, weight and power of the

Digital Gateway Controller

Serial Control
Interface

Ethernet

Register
Block

41‘1

RF
g Amplifier
Controller

- |

RF Path
Selection

product. Customers can then conduct
much of their integration in software,
eliminating costly specification and
technical negotiations typically required
to translate and fix the analog perfor
mance for integration into a digital sys-
tem/mission.

Analog transformation seeks to en-
hance the inherent strengths of analog
systems while seamlessly incorporat-
ing digital advancements. This hybrid
approach leverages the precision, reli-
ability, simplicity and mass of analog
systems, complemented by the flex-
ibility and data-rich capabilities of digi-
tal technologies. Rapid integration and
adaptation of digitally-enabled analog
building blocks into defense systems
represents a transformative approach
to affordable mass/mass affordability.

Detection

Controller

@

Power

Temperature
Sensor

Algorithm

Calibration

Sequencer

& Monitor -

f

Core

Integrated
Flash Memory

A Fig. 1 Digital gateway controller block diagram.
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Controller ! ) .
Analog transformation is generating a
i — p i three-fold improvement in the life-cycle
Parallel Lookup Controller Control/Status >-CY
Control Tables cost of product development activities.
Interface RHEIT)

The savings have manifested in three
distinct categories:

Design velocity: The digital gate-
way is a framework for analog design. It
is designed to control and power a set
of standard analog building blocks that
can be cascaded into a larger function.
The physical size and power consump-
tion of the gateway can be tailored to
the analog function, but it is funda-
mentally very small. The framework
includes a mechanical architecture that
ensures proper isolation and thermal
management of the analog and digital
building blocks to ensure the overall
performance of the function. More im-
portantly, it drives and enables analog
miniaturization. All of this, coupled with
digital simulation, virtually eliminates
the need for respins, saving three to six
months.

Test and tune: The digital gateway
is also an embedded, automated test
stand that provides valuable, rapid
insight into the fidelity of a design to
meet its performance requirements. It
comes with a software interface and
basic GUI so that any member of the
engineering and operations teams can
manipulate the analog function to test
and/or tune the device.

Rapidly emerging artificial intelli-
gence (Al) and machine learning (ML)
capabilities can quickly adapt the ana-
log function to new missions. This is
essential to delivering the speed and
innovation required to realize the hedge
force concept. Analog functions have
rarely been associated with software,
but the concept of an embedded digital
gateway is being used across multiple
industries and applications to make
devices more reliable and adaptable
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to the changing environment. This con-
cept is being implemented in a range
of applications, from water meters to
implantable devices.

Systems engineer-ready: The abil-
ity of systems engineers and architects
to interact directly with key elements of
a design eliminates some need for spe-
cialized engineering functions in a de-
sign team. Translating an analog func-
tion into a digitally controllable asset at
the system level can be very time-con-
suming and costly to the original equip-
ment manufacturer (OEM) and integra-
tor. The process typically starts with a
hardware control specification. Then,
the OEM and integrator must develop
custom firmware to control the func-
tion. The use of simulation and digital
twins can simplify testing but not nec-
essarily firmware development. With
the digital gateway, the analog func-
tions have an out-of-the-box experience
suitable for a systems engineer or a
software engineer, a huge advantage in
the speed of adoption and adaptation.

Interoperability and the
Need for an Ecosystem

In the analog world, interoperability
is largely a physical concept expressed

in electromechanical terms. It is time to
bring digital interoperability directly into
analog building blocks. This has been a
cultural issue at many companies with
analog and digital assigned to separate
teams as part of an integrated product
development process. Digital architec-
ture embedded within the analog build-
ing blocks needs to be viewed on equal
footing, not simply as a necessary ser
vice for downstream digital integration.
Digital enablement must be exposed to
the integrator and possibly to the end-
user via software to reap the benefits
of speed, adaptability and, ultimately,
affordability.

The concepts of interoperability
and ecosystem development activities
were largely made popular through
the advent of digital communication
systems. Related concepts have dis-
tinct differences that are important to
understand in the context of analog
transformation. Interoperability refers
to the ability of different systems, ap-
plications or products to work together
seamlessly. Information and function-
ality are exchanged without additional
user effort. This is crucial in ensuring
that diverse technologies can integrate
and communicate efficiently, fostering
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a more unified user experience.

Conversely, an ecosystem encom-
passes a broader network of interre-
lated entities, including technologies,
organizations and users, who interact
and depend on each other from tech-
nology and commercial perspectives.
An ecosystem often relies on interoper
ability to thrive, as the smooth interac-
tion between its components ensures
stability, growth and efficiency. An
ecosystem includes the relationships,
dynamics and synergies that develop
within the network.

While interoperability focuses on
technical compatibility, an ecosystem
encompasses the broader context of
collaboration, innovation and market
presence. Bringing digital interoperabil-
ity and the benefits of an ecosystem
to the analog world can have profound
consequences for mass affordability/
affordable mass and analog transfor
mation. Digital enablement of analog
products is the precursor to that trans-
formation.

Conclusion

As industries continue to evolve, the
importance of analog transformation will
only grow. The integration of analog and
digital technologies offers a balanced ap-
proach to modernization, preserving the
strengths of traditional systems while le-
veraging the advantages of digital inno-
vation. It is most impactful in the speed
and flexibility it brings to the design and
deployment of analog technologies. Its
impact could be greater as Al and ML
start to adapt the analog components of
subsystems to the threats and opportu-
nities in front of the mission.

Analog transformation represents a
pivotal shift in the way industries ap-
proach mass production. By enhancing
analog systems with digital capabilities,
unprecedented levels of efficiency,
cost-effectiveness and scalability can
be achieved. This hybrid approach is
more than the key to affordable mass
production. It is also a pathway to a
more sustainable and resilient future.
While it can be referred to as an analog
transformation, the real missing link is
the synergy between analog and digital
transformations. Our competitiveness
depends on it. B
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From Radar to High-Power Weapons:
Microwave Tubes Power Modern Warfare

Aniket Roy

Stratview Research, Detroit, Mich.

ar is known for bring-
ing pain and suffer
ing, as it seldom brings anything good
to humanity. Even if something positive
comes from it, the benefits are often
meager at best. However, one war drasti-
cally changed not just the art of warfare
but also the way people live their lives.

World War Il (WWII), which lasted
from 1939 to 1945, led to the devel-
opment of several technologies and
products that have now become an ir
replaceable part of our lives. Synthetic
rubber, duct tape, flu vaccines, penicil-
lin, electronic computers and radar all
were developed or gained significant
traction because of the war effort. In
addition, the cavity magnetron that still
powers microwave ovens in addition to
providing high RF transmit power, was
invented in the early part of WWII and
became a mainstay of radar systems
used by the Allied forces.

Though the name cavity magnetron
implies that we are going to talk about
some infamous leader of the Decepti-
con Army; it was one of the functional
blocks that saw its first application in
radar systems during WWII and proved
to be crucial in enhancing the effective-
ness of radar systems. The contribution
was so significant that many experts
consider it one of the major reasons be-
hind the Allied forces winning the war.

Though originally designed for the
generation of electromagnetic signals
to be used in high frequency military
applications, the cavity magnetron
and other similar vacuum tubes gained
more popularity after they found ap-
plication in American households as
microwave ovens. Currently, their appli-
cations stretch far beyond the defense
domain to sectors including medical,
household, space and many more. Fig-

24

ure 1 shows some common applica-
tions that use tube-based transmitters,
along with where they operate in the
frequency spectrum.

From devices that cook food, to devic-
es that jam military communications with
a frequency band ranging from 1 to 1000
GHz, microwave tubes offer different so-
lutions at different frequency ranges. If
we consider the entire microwave band,
the consumer microwave oven emerges
as the biggest application of microwave
tubes. According to the Residential En-
ergy Consumption Survey 2020, more
than 95 percent of U.S. households had
at least one microwave. This equates to
approximately 126 million microwave ov-
ens being used in household applications
in the U.S. alone.! Considering just the
high frequency or high-power applica-
tions, the defense industry becomes the
largest user, accounting for more than
30 percent of the high-power microwave
tube market, according to a report from
Stratview Research.2

Microwave Tubes on the
Battlefield

Defense applications for microwave
tubes are very diverse. Radar systems,
remote-sensing, electronic warfare
(EW), satellite communications, impro-
vised explosive device (IED) and infra-
red (IR) countermeasures are some of
the most popular defense applications
using microwave tubes. Of these appli-
cations, radars and satellite communi-
cation links were among the first appli-
cations to use microwave tubes.

The advent and growth of solid-state
power amplifiers (SSPAs) are diminish-
ing the market share of microwave
tubes in all but the highest power ap-
plications. Recently, the industry has
shifted focus toward utilizing tubes in
high-power EW applications and in-
novations in microwave tube-based di-
rected energy (DE) weapons. DE weap-
ons use concentrated electromagnetic
energy, rather than kinetic energy, to
sabotage, damage or disable various
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A Fig. 1 The microwave spectrum and some common applications.
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TABLE 1
SOME POPULAR HPM SYSTEMS
Platform Ideal Developer Status
ET ) Application
HiTifﬂg?Al/er DE counter-UAS Successful
o gera?cional weapon system U.S. Air field tests
RES onder for short-range Force completed
(TIFE|OR) defense June 2023
Prototype
Phaser high- | DE counter-UAS deployed for
powered weapon system operational
microwave for short-range Fayifzen evaluation by
system defense the U.S. Air
Force
Counter-
electronic
High-power | DE counter-UAS .
Microwave weapon system Ravtheon (tlﬁgrteen;t%m
Extended- for long-range Y hase 9
range Air defense P
Base Defense
(CHIMERA)
Indirect Fire
Protection Uig counter- c i
Copeisiliyy system to urrently in
High- ; counter Group U.S. Army the testing
I\I/I?croF\)/\(/)a:/\\/l: 1 and Group 2 phase
(IFC-HPM) UAS

electronic systems used by enemy forces. DE weapons are
emerging as a popular EW option because of their ability to
render enemy systems useless without the need to fire a
bullet or cause any physical explosions.

Both lasers and microwave tubes can be used to launch a
DE attack but tubes are preferred for wider attacks given the
distance from the target is the same. DE systems based on
microwaves are classified as high-power microwave (HPM)
weapons and countries like Russia, China, France and the
U.S. have been working on HPMs for more than a decade.
However, only a few HPMs have seen field operations. Table
1 shows some popular HPM systems.

Like any device that transmits RF power, HPMs require
a source to convert the electromagnetic pulses to higher
power signals with frequencies well into the GHz range. The
output power and frequency capabilities of microwave gen-
erators are fairly broad. That allows almost every common
microwave tube variant to be used for HPMs and the same
flexibility makes tubes broadly applicable to a wide variety
of defense applications. Table 2 presents a high-level com-
parison of the common microwave tube types and indicates
their suitability in HPM applications.

While each microwave generator is suitable to be used in a
wide variety of defense applications, they each have disadvan-
tages. For instance, Klystrons can provide the highest power
outputs but they may be less preferred because of their com-
plex operation. Similarly, BWOs, though extensively explored
by the industry, become limited in high frequency applications
because high frequency implies smaller sources.

Macro Opportunities for Microwave Tubes
in the Defense Industry

Since defense is fundamental to national sovereignty,
funding for procurement and innovation in the defense in-
dustry is often a large portion of a country's budget. The
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TABLE 2
'g:;:gz:: OP::::Z'; Defense Applications Efficiency Complexity HPM Suitable
Low to Airborne and naval radar systems, electronic
Magnetron high warfare jamming, ECM/ECCM and electronic Moderate Low Yes
9 support measures (ESM)
Moderate | High-power ground-based radar systems, '
ysiren to high electronic warfare jamming and ECM/ECCM Mo e woligh dloelerte Ve
Towelngvawe | Modkmsie Radar transmitters, electronic warfare
. jamming, ECM/ECCM and satellite High High Yes
fulor [T tio il communication systems
) Airborne and ground-based radar systems,
acriqrolsi?‘ii(:l_(gel:li) I\/Lgdheirahte electronic warfare jamming, ECM/ECCM and High Moderate Yes
P 9 radar altimeters
Electronic warfare signal generation and
OBSaCﬁll(;Vt(a)rrd(E\;VV&\]/\g) l\/i(;dhei‘ra;e simulation, radar systems, ECM/ECCM and Moderate High No
9 threat simulation

goals and strategies may be different, but defense spending
is a critical part of the budget for developed and developing
countries. Global defense expenditures have risen continu-
ously since 2015 and from 2013 to 2022, expenditures grew
by 19 percent, according to SIPRI.3

The U.S. has the largest defense budget, by far, so it is
not surprising that they are also the biggest consumer of mi-
crowave tubes. This is a numbers game with the U.S., given
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the growth in combat aircraft, warships, missiles and elec-
tronic countermeasures (ECM)/electronic countercounter
measures (ECCM) equipment. We estimate that more than
40 percent of the microwave tubes shipped in the defense
industry go to U.S. equipment.

While SSPA solutions, particularly GaN, are making fast
inroads into the RF power market, some of the very high-
est power applications require power levels best served by
tube-based amplifiers. Naval applications, with long-range
search radars, are a prime example of the need for high-
power transmitters. Despite their expense, the number of
ships is growing quickly. The Chinese Navy, the largest in
the world, currently stands at approximately 350 ships,
but they are planning to expand to 400 ships as soon as
2025.4 Most of these ships will be surface combatants
likely employing several different types of radars. The U.S.
Navy has announced another major expansion that will
see it acquire between 282 and 340 ships over the 2023
to 2052 period.®

Despite the threat from solid-state power technology, mi-
crowave tubes will continue to occupy a niche and play a vital
role in defense applications. Their versatility and innovation
potential make them an integral part of the ever-evolving de-
fense industry. As technologies advance and new challenges
emerge, microwave tubes are poised to keep contributing
significantly to future defense capabilities. B
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The Post-Quantum/Al Threat:
RF Must Adapt to Increasingly
Sophisticated Attacks at the

Tactical Edge

Michael Redding

Quantropi, Ottawa, Canada

John Dames
Reticulate, Palm Bay, Fla.

he modern battlefield depends on

secure wireless for voice, data and
increasingly, in the era of autonomous vehicles
and drones, streaming video. Soldiers need to
quickly access video footage even in low band-
width environments without it being tracked, in-
tercepted or manipulated by adversaries. Video
is key to seeing and identifying threats, opportu-
nities and obstacles, but the only way to get the
video from the sensor to the observer is radio.
The challenges facing today's RF systems are
three-fold: the need to avoid being observed, in-
tercepted or jammed.

The U.S. Air Force dogma that has been in
use since the 1950s of Observe, Orient, Decide,
Act (OODA) is just as applicable today as it was
during the Cold War. If you can get inside your
adversary’s decision-cycle loop, you can win.
Maximum situational awareness hinges on the
number of sensors you can access to drive intel-
ligence on the ground and in the sky.

The U.S. has enjoyed the sensor advantage
over the last two decades, fighting wars in Irag
and Afghanistan. However, adversaries have
quickly advanced their capabilities. As witnessed
in Ukraine, Russia’s jamming of tactical radio
communications over the airwaves has hurt
Ukrainian defenses and disrupted tens of thou-
sands of commercial flights! because of inter-

ference with the GPS navigational systems of
planes in European air space.

Adversarial radio signals are overwhelm-
ing communication links between drones and
troops. This is causing difficulties in locating
targets and tricking guided weapons, reports
the New York Times. In an article, they quote a
senior fellow at the Hudson Institute think tank
as saying, “Electronic warfare has impacted the
fighting in Ukraine as much as weather and ter
rain.’

Operational Constraints at the
Tactical Edge

Digital communications-over-RF at the tacti-
cal edge faces many constraints today. These
range from the need for low power consump-
tion to limited CPU and RAM to constrained and
congested bandwidth. Deployed troops rely on
radios to communicate their position and coordi-
nate their operations but often face issues of lim-
ited battery power and connectivity challenges.

These issues are compounded by cyberse-
curity threats, especially the looming threat of
quantum computing and hybrid quantum plus
Al capabilities. Understanding this latest threat
requires first understanding the evolution of
quantum technologies. In the 1990s, Nobel
Prize-winning MIT mathematician Peter Shor de-
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veloped what is now called Shor's Al-
gorithm, which showed that a quantum
computer could efficiently factor prime
numbers well beyond the capability of a
classic computer. At the time, his idea
was theoretical. However, once real-
ized, Shor’s Algorithm gives the world
a pathway to break current asymmetric
encryption because it is based on the
prime factorization of very large num-
bers. A sufficiently capable quantum
computer using Shor’s Algorithm would
be able to break asymmetric encryption
almost instantaneously.

This means that traditional encrypt-
ed communication networks and leg-
acy encryption methods like the RSA
2048 and Elliptic-curve cryptography
(ECC), considered the gold standard as
the U.S. government's recognized en-
cryption methods, are no longer suffi-
cient on their own. Quantum advances
are moving much faster than anyone
guessed. Leading industry sources, in-
cluding Gartner Group, Ernst & Young
and Cloud Security Alliance, predict
that quantum wiill overtake existing en-
cryption methods this decade.

In the last two years, with the surge
in Al and machine learning (ML), quan-
tum experts have pointed out that using
ML could lower the amount of quantum
computing power needed to break en-
cryption. That is why combining quan-
tum with Al could make breaking cur
rent asymmetric encryption a reality
much sooner than anticipated. Al runs
on classic GPUs, while other calcula-
tions are run on a quantum pProcessor.
This hybrid combination accelerates
the time window when an effective at-
tack on this type of encryption will be
possible.

For decades, the quantum threat to
encryption was presumed to be primar
ily related to asymmetric encryption.
However, a recent IBM research paper3
suggests that Al running on a quantum

computer could also attack symmet-
ric encryption, such as the Advanced
Encryption Standard (AES-256). An ac-
celerated path to break asymmetric en-
cryption means bad actors can intercept
and interpret digital communications
transmitted over RF while also opening
the door to the possibility of injecting
deep fakes and flooding the airwaves
with noise. Deep fakes already threat-
en the authenticity of video content as
commonly seen on the internet today.
Even before a quantum or quantum/Al
hybrid attack is successful, battlefield
compromises of radio communications
using legacy encryption have been re-
ported.4 A report by the Royal United
Services Institute for Defence and Secu-
rity Studies on Russian tactics in Ukraine
found that Russia was able to preemp-
tively warn its units of an artillery strike
based on Ukrainian troops calling in a
fire mission after decrypting transmis-
sions coming from Motorola radios that
featured 256-bit encryption in near real-
time. Such attacks are not targeted at
the radio signals themselves but at the
payloads that the radio waves are car
rying. Even microwave transmissions,
which frequently are limited to narrow-
beam point-to-point connections, are
still vulnerable since there can be beam
spread. Table 1 shows the challenges
that quantum computing poses for clas-
sic encryption algorithms.

Why the Quantum/Al
Threat Matters to Military
RF Users

RF communications, the lifeblood of
tactical warfare, is at risk from quantum/
Al threats. The U.S. has 500,000 military
radios that use current classic, symmet-
ric encryption that would all be vulner
able to this compromise. In addition to
handheld applications, radios operate in
ground vehicles and on military aircraft.

The quantum/Al threat extends to all

Cryptographic

TABLE 1

IMPACTS OF QUANTUM THREATS ON ENCRYPTION ALGORITHMS
(Source: NISTIR 8105)

Algorithim Type Purpose Quantum Impact
i . Larger Key Sizes
AES-256 Symmetric Encryption Neoded
SHA-256,SHA-3 Hash Functions Larger Output
Needed

Signatures, Key

RSA Asymmetric R No Longer Secure

ECDSA, ECDH Asymmetric SlgEliEs: |Gy No Longer Secure
Exchange

DSA Asymmetric SIgEliEs: ey No Longer Secure

Exchange

EW, RADAR, & MILCOM SUPPLEMENT = SEPTEMBER 2024



We offer a range of in-stock, Bias Tees to
address a variety of applications, including
test and measurement, research and
development, optical communications,
satellite communications and more.

In-Stock & Shipped Same-Day

5
24 <N

SAME-DAY SHIPPING CUSTOM CABLES LIVE TECH SUPPORT

fairviewmicrowave.com Fairview Microwave*
+1 (800) 715-4396 an INFINIT@ brand




High Precision.
High Performance.
TheT50 Series TCXOs.

LOW PHASE NOISE
TIGHT STABILITY
WIDE TEMP RANGE

Frequency: 10-52 MHz

CMOS or Clipped Sine
Output

Supply: +3.0 to +3.6 Vdc;
T52: +5.0 Vdc

T56: Wide Temp Range
to-55°Cto +125°C

T58: Tight Stability plus
Low Phase Noise

Rugged 5 x 3.2mm Pkg.

Acceleration Stability to
0.2 ppb/g

High Shock/Vibration to
30,0009
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devices that touch the public internet, in-
cluding mobile phones and computers in
the Department of Defense. To appreci-
ate the scale of the threat, consider that
the global digital economy is estimated at
over $30 trillion.® Quantum and Al have
the potential to disrupt that economy
and the trillions of online transactions oc-
curring every day. Some of the potential
areas for quantum computing-/Al-based
disruption are shown in Figure 1.

Addressing security issues can drain
the military’s limited resources. How-
ever, the overhead costs of protecting
against the quantum threat should not
hinder the military’s ability to conduct
surveillance, mission coordination and
reconnaissance. Electronic warfare
environments demand maximum se-
curity while respecting the resource
constraints of that environment, both
for encryption and for video and radio
data transmissions.

Addressing the Threat:
New Quantum & Encoding
Advances

A common question is, “How do
we fight the next battle?” If we build
a big fortification, the enemy will drive
around it. If we construct a wall, the
enemy will fly over it. Just as our allies
in Ukraine have learned, technologies
must be deployed now that provide
immediate benefits and protection for
the next emerging threat. The RF sec-
tor, along with the cryptography and
encoding communities, needs to pivot
to address this new threat environ-
ment. But the chal-

algorithms (PQCs).6
These algorithms are designed to se-
cure data against the capabilities of fu-
ture quantum computers.

Fighting Quantum with
Quantum

The best approach is to fight quantum
with quantum. There are new mathe-
matical approaches from companies like
Quantropi that continue to advance the
science to find solutions that provide se-
curity against these new attacks. Howev-
er, these approaches must also balance
the needs of RF communications in the
current battlefield environment.

In cryptography, a perfect form of
encryption is called a one-time pad,
where the secret is as big as the data
and it only gets used one time. This
scenario is called “perfectly secret.”
Quantropi's encryption is based on a
permutation group that is constructed
from quantum gates, which make up
a "quantum permutation pad” or the
quantum equivalent of a one-time
pad, which achieves perfect secrecy.
The company then represents this
quantum permutation group math-
ematically. Once this mathematical
expression is derived, it can be trans-
lated into computer code that will run
on a “classic” CPU. This holy grail of
encryption can then be used to pro-
tect against symmetric attacks and
can be further leveraged to strength-
en asymmetric algorithms. Figure 2
introduces the concepts of key spac-
es and shows the big improvement
in Shannon entropy that comes from

Boolean Algebra
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lenge becomes de-
termining the best
way to add a layer of
protection against a
nearterm threat that
will find its way to
the battlefield while
still addressing the 8 bits
pressing constraints

E.g 28 = 256 Numbers

Boolean Key Space

Shannon Entropy = log,(2%) =

Boolean—Linear m\[l

2"

Permutation Key Space
E.g 281 = 10°” Permutations
Shannon Entropy = log,(2°1) =
1684 bits

of operating at the
tactical edge.

A Fig. 2 Permutation groups: key space and Shannon en-
tropy expansion vs. Boolean.
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Speed Evaluation for Intel® Pentium Silver J5005 CPU at 1.5 GHz 0S: Linux v18.10
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A Fig. 3 Data transmission rate comparison.

the permutation group concept just
described.

Emerging Success: Post-
Quantum-Protected Radios

An example of tactical capabilities
receiving a post-quantum boost can
be found with the Ukraine-based tacti-
cal radio supplier, Himera. Himera and
its U.S. distributor, Reticulate Micro,
recently unveiled the company’s G1
Pro. This is their newest lightweight
and low-power radio and it comes inte-
grated with post-quantum symmetric
encryption from Quantropi.

These new capabilities represent
an impressive leap from the first-gen-
eration voice-only radio, already widely
deployed in the Ukraine defense forces
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and proven effective against Russian
jamming. The G1 Pro incorporates
quantum security to future-proof the
radio against the looming quantum/
Al threat. It also offers enhanced fre-
quency hopping as an additional de-
fense mechanism. The new radio offers
standard AES with a 256-bit crypto-
graphic key and Quantropi QEEP quan-
tum symmetric cryptography with a
stronger 1024-bit key. In addition, the
quantum algorithm running in the radio
uses 80 percent less battery power. It
also decreases encryption overhead
by 80 percent, leaving more room to
maximize data transmission rates. Fig-
ure 3 shows the improvement in data
transfer rates that the QEEP quantum
symmetric cryptography produces ver

sus standard AES-256 and AES-256-NI
hardware-accelerated methods.

In cryptography, plaintext refers to
unencrypted, readable information in-
put into an encryption algorithm while
ciphertext refers to the output of the
algorithm that has been encrypted
and rendered undecipherable. As men-
tioned previously, entropy measures
the randomness and uncertainty in
a set of data. Higher levels of uncer
tainty and randomness of ciphertext
indicate more complete security and
the inability for hackers and adversar
ies to learn anything about the original
plaintext. Figure 4a shows a plaintext
signal with a very low entropy value of
5.827504/16 bits, meaning the signal
is easily interpreted. Figure 4b shows
that the entropy for the same plaintext
signal has increased to 15.999077/16
bits after the application of QEEP en-
cryption, making this an effectively
impossible signal for adversaries and
other unintended recipients to decode.

Future: Encrypting the
Transport Layer

Current advances in this area are
focused on data-level quantum protec-

Quantic M-Wave

Circulators
for AESA Radar
100 MHz to 40 GHz

= Specializing in the design and manufacture
of ferrite-based RF/MW components

= Small form factor, high power, and low-loss performance
solutions for improved efficiency and dynamic range

M Wave Design Corporation / info@quanticmwave.com / www.quanticmwave.com

EW, RADAR, & MILCOM SUPPLEMENT = SEPTEMBER 2024



Ana|pjco

E3 of Switzerland
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with different phase noise performance levels to match your needs

+ Phase Noise Levels: -124 /-131 /-139 dBc/Hz @ 20 kHz from 10 GHz
+ Frequency Ranges: Up to 40/ 54 / 51 GHz

+ Output Power: Ranging from -120 to +20 dBm

+ Switching Times: 30/5/ 3 ps

+ Modulation Support: AM, FM, PM, and pulse modulation

+ Multi-Channel Models: With precise phase coherence

+ Compact & Efficient: Designed for minimal space and power usage
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Plaintext Entropy

work will be applied to the radio component of the electro-
magnetic spectrum.

Conclusion

Quantum and Al threats are coming to today's contest-

_ ed battlespace, which is increasingly reliant on capabilities

at the edge. As video and data intelligence become more

] accessible to warfighters on the ground, we must ensure

(a) RF systems are protected, hardened and secure. Effective

guantum-based defense can serve as a powerful weapon

and prevent encrypted data from being exploitable or valu-
i able to anyone but the intended recipient. Bl
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10.7 TO 31 GHz

SATCOM

-Ilters

Proprietary LTCC Designs

Surface-mountable 1008 package size
1W power handling
Available for space upscreening

Wide rejection band

Model Passband Stopband F3 Rejection Stopband F4 Rejection
Number (MHz) (MHz) @ F3 (dB) (MHz) @ F4 (dB)
BFCQ-2702+ 22000-31000 100-17100 42 35700-48000 43
BFCQ-2872+ 27500-30000 100-22200 32 35300-55000 284
BFCQ-1932+ 17700-21000 DC-14600 30 25600-40000 40
BFCQ-1982+ 17700-20200 100-14500 55 24000-40000 45
BFCQ-1162+ 10700-12700 100-8800 40 15100-27000 38
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Using Advanced DFM Analysis

to Future-Proof PCBs for
Defense Applications

Amit Bahl

Sierra Circuits, Sunnyvale, Calif.

rinted circuit boards (PCBs) de-

signed for radar and military com-
munication applications are complex and must
adhere to strict IPC standards. They must un-
dergo rigorous testing to ensure their reliability
and stable performance under demanding condi-
tions. These boards operate at radio frequencies,
SO maintaining good signal integrity is crucial.
Perfecting high frequency board designs often
requires multiple iterations, which are expensive
and time-consuming. The best way to tackle this
challenge is to identify and resolve potential manu-
facturing issues through design-formanufacturing
(DFM) analysis. The standard DFM checks include
trace and drill spacing, pad size and solder mask
clearances. But in RF boards, you must also con-
sider the probability of issues arising from hybrid
stack-up, antennas, ground-stitching, differential
pairs and controlled impedance.

DFM Analysis Process
During the quote process, PCB designers

determine the expected deliver
ables, testing requirements and
comprehensive production docu-
mentation that will be sent to the
contract manufacturer. Once the
required data is received, DFM
analysis is conducted at the fab
house. After checking the produc-
tion files for missing data, a tool
number is assigned to the proj-
ect. Next, the CAM team runs

ensure that all the design specifications align
with their capabilities. For example, they check
if the desired microvia aspect ratio is achievable.
CAM engineers will also identify potential DFM
issues that DRC may overlook, such as copper
or solder sliver formation, as shown in Figure 1.

During DFM analysis, the manufacturer will
conduct an in-depth board layout analysis, add-
ing or removing features to increase the yield.
For instance, a copper thieving pattern is added
to an empty space on signal layers to avoid plat-
ing or etching issues. Snapshots of all the errors
and required modifications are documented in a
DFM report and sent to the customer/designer.
After the designer’s approval, the fab house pro-
ceeds with the manufacturing process.

Essential DFMM Factors of Radar
and Military Communication PCBs

Design Files for Class 3 Boards
Conveying precise design specifications to
your PCB manufacturer is crucial for military-
grade PCBs. The fabrication drawing should in-
clude a board outline with dimensions, stack-up
details, a drill chart and fab notes.
Clearly define the following in your fabrication
notes:
e |PC Class 3 or MIL-PRF~31032 standard re-
quirements
e Material details with UL ratings, Tg and RoHS
compliance
e Manufacturing tolerances

A Fig. 1 Copper slivers in a PCB design rule checking (DRC) to * Presence of via-in-pad and buried or blind vias
design. identify any design errors. They e Via plating and filling details (e.g., Type VII fill-
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NOTES:

1.FABRICATE PER GUIDELINES IN MIL-P-55110 FOR TYPE 3 BOARDS (CERTIFICATIONS AND
COUPONS ARE NOT REQUIRED)
AMATERIAL: RO4350 B, THE BOARD SHALL BE AN 8-LAYER CONSTRUCTION IN
ACCORDANCE WITH DETAIL A

B.MINIMUM HASEPEATING TO BE 0.003 INCHES

C. ECTRIC WAFER TO BE 0.0035 INCHES
D.MINIMUM LINE WIDTH ON FINISHED BOARD TO BE 0.009 INCHES
EMINIMUM SPACING ON FINISHED BOARD TO BE 0.0011 INCHES
FINTERIOR LAYERS SHALL BE 1 0Z COPPER

G EXTERIOR LAYERS SHALL BE 1 0Z COPPER

HFINISHED LAMINATE THICKNESS TO BE 0.060 INCHES

2.COMPONENT HEIGHT NOT TO EXCEED 50 INCHES ABOVE THE COMPONENT SIDE OF THE
BOARD. COMPONENT LEADS, EXCEPT FOR CONNECTOR PI/P2, ARE NOT TO EXCEED .09 INCHES
BEYOND THE SOLDER SIDE OF THE BOARD

3ALL IMAGED HOLE LOCATIONS TO BE AT A TOLERANCE OF +/- 0.005 INCH, ENSURING PRECISE
ALIGNMENT. ALL OFFER DIMENSIONS ARE TO BE AT A TOLERANCE OF +/- 0.010 INCH,

Soft gold surface finish
ok per sales

4.FINISHED HOLES: FINISHED HOLE DIAMETER IS AFTER PLATING AND FUSING. ALL PLATED TEM
HOLES SHALL NOT BE OVER-DRILLED BY MORE THAN 0.007 INCH OVER THE NOMINAL FINISHED
HOLE SIZE. COPPER (ELECTRO-LESS COPPER) INSIDE PLATED THRU HOLES SHALL BE 0.001 INCH
MINIMUM. PLATING INSIDE THRU HOLES SHALL BE 0.0003 INCH MINIMUM CONTINUOUS THRU HOLE

5.PERFORM NETLIST ELECTRICAL TEST, ISOLATION TEST, AND CONDUCTOR CONTINUITY TEST
ON ALL PRODUCTION UNITS USING THE FOLLOWING

B o 10 Ohms continuity/ 10 mega Ohms isolation test at 50V,

approved by customer

SOLAT ME 1S-AT-50VDE

6.SOLDER MASK- LIQUID IMAGABLE SOLDERMASK OVER BARE COPPERONBOTHSIDE  Green mask confirmed by customer
7.SILK SCREEN - TO COMPONENTS AT TOP AND BOTTOM SIDE OF THE BOARD WITH WHITE EPOXY INK

A Fig. 2 Sample of corrected fab notes after DFM analysis.

ing as per IPC 4761)

e Controlled impedance with impedance value, trace width,
layer number and type of trace (single-ended or differen-
tial pair)

e Solder mask color and surface finish

e Types of tests and their standards (e.g., IPC-TM-650).
After downloading the production documentation, ensure

that no data is missing and that all the files are in the required

format:

e Artwork data: IPC-2581, ODB ++ or Gerber 274X

e Embedded aperture information: IPC-2581, ODB ++ or

Gerber 274X

Netlist in IPC-356 format

N/C drill and route data: Excellon or Plotter format

Fabrication drawings: HPGL, AutoCAD, PDF or Postscript

Pick and place file: CSV, text or ASCII.

Choose a file format compatible with your manufacturer’s

system. The manufacturer will contact you if any modifica-

tions are needed in your design. Figure 2 shows an example
of a CAM engineer suggesting changes to the customer’s
fab notes after performing a DFM analysis.

Dielectric Material For Military-Grade PCB Designs
Military-grade PCBs are expected to provide high-level,

uninterrupted performance in extreme environments. Heat-

resistant and high-quality materials are always preferred to
ensure circuit board reliability. Choose the substrate listed
under the qualified parts list (QPL) on the Defense Logistics

Agency (DLA) database.! These materials are tested and ap-

proved to meet specific military standards.

Radar and milcom PCBs usually operate at radio fre-
qguencies, so the material experiences substantial insertion
losses. PTFE materials like Rogers Duroid and RO4350 B
are commonly used as they exhibit low Dy, low loss tangent
and consistent electrical characteristics over a wide range
of frequencies. IPC-4103 defines standards for copperclad,
laminates and bond ply in high frequency applications.

The following material parameters are checked during the
DFM analysis of radar or milcom PCBs:

e The chosen materials are listed under the QPL and meet
the design’s thermal, mechanical and electrical require-
ments

e Dielectric constant and loss tangent are within the speci-
fied ranges for signal integrity and controlled impedance
needs

42

Type Image Pit(Mil)  Tol (Mil) Er Material
Mixed . o 053 348  RO4350B-LoPro
Powe...
0.36 3.63 FR-370HR
0.36 3.63 FR-370HR
Mixed 0.7
Mixed 0.7 1.05 424 FR-370HR
0.36 3.63 FR-370HR
0.36 3.63 FR-370HR
Powe... 0
Mised 07 0535 348  R04350B-LoPro

A Fig. 3 Example of a hybrid stack-up.

e The thermal conductivity and coefficient of thermal ex-
pansion (CTE) are within the required range so that the
materials can withstand thermal cycles and soldering pro-
cesses without degrading

¢ The materials are compatible with the manufacturing pro-
cesses, including lamination, drilling, plating and soldering

® The selected materials are readily available in the required
quantities

e Whether they are compatible with HDI and fine-pitch
components if present in the design.

Note that PTFE materials need different drilling methods,
hole treatment (plasma etch) and etching processes due
to their fragile and non-stick properties. This will eventually
increase the manufacturing cost. Always consult your fab
house before choosing the material.

Hybrid Stack-Up

A hybrid stack-up is built using a combination of mixed
materials. By combining different substrates in different layer
configurations, the circuit’s electrical properties can be tai-
lored to specific needs. This customization allows for better
signal integrity, impedance control and power distribution
performance. It also reduces the production cost as the de-
sired electrical characteristics can be achieved without rely-
ing solely on expensive materials.

Consequently, manufacturing a mixed-material stack-up is
complex. If the expansion rates of the substrates differ, it
causes registration issues and cracks in the stack-up. Adhe-
sion properties vary between materials; hence, choosing a
suitable bonding material is necessary to avoid delamination
problems. The choice of material also affects the drilling rate,
hole treatment and plating process.

Any stack-up error will cause the PCB to fail reliability tests
like highly accelerated life test (HALT) and highly accelerated
stress screening (HASS), which are usually conducted on
military-grade PCBs. Hence, the manufacturer ensures the
materials are compatible with matching CTEs and bonded
with the appropriate materials during the DFM process. They
also check the feasibility of building the stack-up with avail-
able equipment and established processes.

Figure 3 shows an example of a hybrid stack-up of Rog-
ers 4350-LoPro and Isola 370HR. The build includes blind and
buried vias with an overall board thickness of 0.065 in.

Controlled Impedance Traces and Differential Pairs
When performing DFM analysis for controlled impedance,

the following parameters are considered:

e Trace width and spacing conform to the calculated values
of the desired impedance

* Trace shapes (microstrip, stripline, coplanar waveguide)
match the impedance requirements

EW, RADAR, & MILCOM SUPPLEMENT m SEPTEMBER 2024
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A Fig. 4 Differential pairs matched in
length.

e Line edges are smooth and free
from irregularities

e Meandering is done at the appropri-
ate section of the trace

e A continuous return path (ground
plane) is beneath or alongside the
traces

e Vias and pads do not disrupt the im-
pedance

e Traces are isolated from noisy com-
ponents, ground pours and guard
traces

e Differential pair traces are length-
matched within the specified toler
ance to prevent skew

e Trace bends use appropriate radii to
minimize impedance discontinuities.
Generally, the fab house modifies

the trace width or dielectric spacing to

achieve the desired impedance value.

Before making the changes, the de-

signer gives consent to the fab house.

Figure 4 shows an example of match-

ing the length of a differential pair of

transmission lines.

Contouring Traces

In EDA tools, when a trace or pad
is contoured, the entire feature will be
locked and it can no longer be edited.
This option should be used for oddly
shaped traces and copper fill in your
layout. Having features that are un-
necessarily contoured does not create
manufacturing issues, but it does hin-
der the DFM analysis. In addition, the
CAM engineers cannot add test points
to the contoured pads. To resolve the
issue, they must individually add small
pads to the test point, which increas-
es the time required to complete the
task. Figure 5a shows a non-contoured
trace and Figure 5b shows the trace af-
ter contouring. It should be noted that
all the features can be contoured if the
design is created using AutoCAD and
later converted into Gerber using CAM
software.

PCB Antenna

Whether to build it or buy it is a
common dilemma every layout engi-
neer faces when considering an RF
PCB antenna design. Many factors,
such as board quantity, layout, cost and
available resources, come into play. An-
tenna design requires extensive knowl-
edge, advanced design tools and simu-
lation software. Designing an antenna
is only feasible for mass production.
For low quantity production or proto-

type volumes, purchasing an antenna
may be the best choice. This build or
buy decision is crucial as you must tai-
lor your entire PCB design according to
the antenna.

If you choose to design, consider
the operating frequency, radiation pat-
terns, gain, bandwidth and polarization.
After designing, create and simulate
a model antenna to verify its perfor
mance. Share the simulation results
with your PCB manufacturer.

Cover your bases

KRYTAR, Inc., founded in
1975, specializes in the design
and manufacturing of ultra-broadband
microwave components and test
equipment for both commercial and
military applications.

Products cover the DC to 110 GHz
frequency range and are designed for
a wide range of applications including:

[ Test Equipment

[ Simulation Systems

[ SATCOM & SOTM

1 Jammers for Radar & IEDs

[ Radar Systems

1 EW: ECM, ECCM & ESM

KRYTAR has a commitment to
technical excellence and customer
satisfaction.

e
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These principles
form the basis for
the steady growth that has eamed
KRYTAR an enviable reputation in
the microwave community.

Cover your bases. Contact
KRYTAR today for more information.

MIL-Qualified RF, Microwave & mmW Components
[ Directional Couplers to 110 GHz

(1 3 dB 90° Hybrid Couplers to 44 GHz

[ 3 dB 180° Hybrid Couplers to 40 GHz

(1 NEW! Beamforming Networks fo 40 GHz
( Power Dividers to 45 GHz
[ Detectors to 40 GHz

1 NEW! Space Applications
[ Custom Applications

www.krytar.com
1288 Anvilwood Avenue + Sunnyvale, CA 94089
Toll FREE: +1.877.734.5999 + FAX: +1.408.734.3017 » E-mail: sales@krytar.com j
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Non-Contourized Trace

Contourized Trace

and back drilling pro-
cedures are typically
used. Copper wrap
plating for plated
vias is mandatory to
improve reliability be-
cause this procedure
minimizes the pos-
sibility of cracks in
the via-in-pad during

snapshot of contoured trace.

Fig.5 (a) CAM snapshot of non-contoured trace. (b) CAM

thermal cycling.
If the filled vias
are copperplated,

TABLE 1

Aspect ratio for microvias

X bumps and dimples
Via parameter Recommended values are allowed. The in-

Aspect ratio for through-holes

no voids should
be exposed in the
filling. However,
6:1 ner and outer annu-
1041 lar rings should be

a minimum of 0.001

Minimum laser drilled hole size
before plating

Minimum through-hole size before
plating

Minimum conductor width/spacing

Minimum annular ring on internal
layers

Minimum annular ring on external
layers

0.007 in. in. and 0.002 in., re-
spectively. Teardrops
0010 in need to be added
’ ' to the pads and the
0.004 in. non-functional pads
on the internal layers
0.006 in. can be removed. This
decreases unneces-
0.007 in. sary spacing issues

and increases yield.

If the choice is to purchase, a de-
signer must follow the exact specifi-
cations provided by the antenna OEM
in the design and communicate these
specifications to the PCB fabricator.
The designer must also double-check
the manufacturer name and the part
number in the BOM. Monopole, print-
ed dipole, patch, wire, ceramic and in-
verted F antennas are commonly used
in circuit boards.

Key antenna design aspects checked
during DFM analysis include:
® Board material and thickness
e Stack-up arrangement (usually, the

region below the antenna should

not have any components or con-
ductors)

Antenna position and orientation

Clearance from the board edge

Uniform impedance (matching im-

pedance) between the antenna and

the connecting trace
e |solation from other nets and com-
ponents.

Via Design

Multiple rules apply to vias and their
pads in military-grade PCBs, which are
prone to damage in extreme environ-
ments. According to IPC standards,
burrs and stubs are not allowed in drilled
holes. To avoid them, positive etch-back
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Table 1 shows
the recommended
values for common via parameters for
a military-grade design. It should be
noted that values can vary among dif-
ferent manufacturers.

All plated through-holes, pads and
hole-to-pad ratios are examined in
the DFM process to ensure that they
comply with the capabilities of the fab
house. The minimum drill size and final
board thickness are checked to see if
they meet the required aspect ratios.
The design must allow modifications for
tooling requirements. Some PCB sup-
pliers offer PCB design tools to assist
designers in building reliable boards.
Sierra Circuits, as an example, offers
Stack-Up Designer, Impedance Calcu-

Ground
Stitched Vias

Fig. 6 Ground-stitched vias placed
across a coplanar trace.

in sensitive traces when they transit

through different layers. Additionally,

stitching vias can be used to connect a

multi-ground plane design across multi-

ple layers. Figure 6 shows an example
of this technique with ground-stitched
vias across a coplanar circuit trace.

For military applications, stitched
vias can facilitate better heat dissipa-
tion, which can help them operate bet-
ter in harsh environments. However,
designing ground-stitched vias pres-
ents many challenges. These challeng-
es include:

e The unintentional creation of cop-
per islands on the inner layers of the
board. If these are not identified and
grounded, they will become floating
copper and cause EMI issues.

e |nsufficient spacing between the
vias can lead to crosstalk and signal
degradation. Maintaining a spacing
of M10 for high frequency designs is
recommended, where \ represents
the signal’s operational wavelength.

e Holes too close to the board's edge
can get easily fractured, so keep a
minimum clearance of 0.008 in.
between the hole and the board’s
edge.

e |ess drill-to-copper clearance will

lator, Material Selec-
tor, Better DFM and
BOM Checker as
free tools for circuit
board design.

Ground-Stitching
Vias

Parameter

Minimum solder mask web clearance

TABLE 2

Recommended values

(in.)

Green/red color: 0.004
Other colors: 0.005

Although it is not

the norm, most RF [ Minimum coverage

Standard board: 0.002
Advanced board: 0.001

designs have cop-
per pours on the top
and bottom layers

Minimum clearance from surface

Standard board: 0.0015

stitched with vias to

avoid EMI issues.
This helps maintain a

features Advanced board: 0.001
Maximum via pad diameter to tent 0.012
Minimum clearance between solder 0.0045

mask and silkscreen features

constant impedance

EW, RADAR, & MILCOM SUPPLEMENT m SEPTEMBER 2024



cause signal integrity issues. Main-

tain @ minimum drill-to-copper clear

ance of 0.008 in. for 8+ layer PCBs
and 0.007 in. for 4-6 layer boards.

e Unplanned via placement can cre-
ate hotspots instead of dissipating
heat. So, place the vias strategically
around the heat-generating compo-
nents and traces.

All these clearances are double-
checked during the DFM analysis to
avoid issues during the manufacturing
stages.

Surface Finish, Solder Mask and
Silkscreen

Surface finish protects PCBs from
contamination and chemical exposure.
Hence, the IPC standard clearly defines
the thickness, uniformity, coverage and
solderability criteria for surface finish.
The choice of surface finish and its
thickness should be mentioned in the
fab notes.

Recommended surface finishes for
military-grade PCBs are:

e FElectroless nickel immersion gold
(ENIG)
Soft gold

e FElectroless
gold (EPIG)

® |mmersion silver.

IPC-6012 defines standards for sol-
der resists:

e Copper features where a solder
mask is required should not be ex
posed

e Edge board connectors,
fingers and surface-mount
should be free of solder masks

e Solder mask adhesion should be
100 percent for bare copper and
laminates

e No voids are allowed if a solder
mask is used to tent vias.
Recommended values for solder

mask coverage and clearance param-

eters are shown in Table 2. Note that
these values can vary among different
manufacturers.

The silkscreen should be legible to
facilitate the assembly process, repair
and rework. The recommended mini-
mum text height is 0.025 in. and the
minimum line width is 0.004 in. The
text must not overlap on adjacent pads
or it might create solderability issues. A
minimum 0.005 in. clearance should be
provided between the silkscreen and
other copper features.

palladium immersion

golden
lands

Conclusion

PCBs for radar and milcom applica-
tions demand adherence to stringent
IPC standards and meticulous attention

to detail. The article has presented a
number of factors, along with guide-
lines and recommended values for
important considerations in the DFM
process. By considering these factors
and recommendations in a PCB design
and closely collaborating with the fabri-
cator, the number of iterations needed
to achieve reliability and stable perfor
mance can be reduced and the process
can be optimized. &
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Calming Clock Jitter in Data
Converter Noise

Russell J. Hoppenstein
Texas Instruments, Dallas, Texas

he signal-to-noise ratio (SNR) is the

primary noise characterization param-
eter for analog-to-digital converters (ADCs). The
three main contributors to SNR performance are
guantization noise, thermal noise and clock jitter.
While most of these parameters are inherent to
the device, the clock jitter performance contribu-
tion from an external clock can be controlled by
the user. This article will provide calculations to
predict overall SNR performance from measured
clock phase noise sweeps and show practical
techniques to achieve the best performance
when operating with high frequency clocks for
RF sampling converters.

Introduction

High-end communication and radar systems
require a clock source with very low phase noise
for data converters. SNR specification character-
izes the noise performance of an ADC. A higher
SNR translates to a device with a better oppor-
tunity to detect a small signal in the presence of
noise. A good clock is vital to getting the best
performance from the data converter.

Noise Contributions

ADC noise comes from three core elements:
quantization noise, thermal noise and clock jitter.
Each element contributes to the overall SNR per
formance, as shown in Equation T.

SNRt = -10 x log (1
[10(=5%) + 105 + +10(=0")]

~

Where:

SNRt =Total SNR

SNRq = Quantization SNR

SNRy = Thermal noise SNR from the number
of bits (N)

SNR; = Jitter SNR

Quantization Noise

The ADC resolution (number of bits) de-
termines the quantization noise. Equation 2
shows the standard SNR calculation for quanti-
zation noise based on the number of bits, N:

SNRa =6.02xN+1.72 2)

Where:

SNRq = Quantization SNR

N = Number of bits

High-end radar systems or communication
systems use high speed data converters sam-
pling at over 1 GSPS. These converters are typi-
cally 12 or 14 bits. Per the standard equation, the
quantization noise of a 14-bit converter is about
86 dB, which is usually two orders of magnitude
better than the remaining factors in practical de-
vices. As such, you can ignore the quantization
noise contribution.

Thermal Noise

ADCs have an underlying thermal noise com-
ponent, but the device's datasheet does not ex-
plicitly specify that parameter. Instead, it is best
to use the published SNR performance data at
very low input frequencies, 10 MHz, for exam-
ple, to gauge the thermal noise contribution. At
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very low input frequencies, the clock
jitter component has minimal impact,
so thermal noise is the dominant factor.
Noise output is proportional to signal
output amplitude, and the convention
is to measure from 1 to 3 dB below the
full-scale output.

Clock Phase Noise

The SNR contribution from the clock,
expressed by Equation 3, depends on
the clock jitter and input frequency but
not the clocking frequency:

SNRj = -20 X log(27fin7j) 3)

Where:

SNRJ- = Jitter SNR

f,, = Input frequency

Tj = Clock jitter

It is a bit counterintuitive to realize
that it does not matter how fast a de-
vice is clocked. When thinking about
high-sampling speed converters, what
matters most is the speed or frequency
of the input signal. Figure 1 illustrates
this concept. For a given amount of
clock jitter, the variation in the crossover
points where an actual sample is taken
creates more error from ideal on a fast-
ermoving, higher frequency signal than
a slower, lower frequency signal. There
is an indirect relationship to sampling
speed because designers typically use
high-sampling converters to pass high
bandwidth, high frequency signals. As
such, clock jitter performance is an im-
portant performance metric.

Slew Rate Impact on Jitter
Performance

Ideally, the clock signal would be
a perfect square wave, as depicted in
textbooks. A perfect square wave rep-
resents an infinite slew rate of a clock
transition from low to high. This is not
possible with real-world clock signals

At = Jitter

f2

A Fig.1 SNR impact related to input
frequency.

because of bandwidth limitations. High
frequency clocks are generally pure
sine waves.

Assume that the ADC samples the
signal at the zero-crossing of a clock
pulse. Traditional timing jitter is the ran-
dom variation of a clock with respect to
time. This means that zero-crossings
occur at a slightly different offset loca-
tion from the ideal location. Thermal
noise on the clock produces an equiva-
lent effect because it generates random
fluctuations in the amplitude of the sig-
nal. As the clock signal approaches the
zero-crossing, a sufficiently high ampli-
tude fluctuation causes the sample to
trigger slightly prematurely.

A low-amplitude sinusoid clock ap-
proaches the zero-crossing at a rela-
tively shallow angle, representing a
low slew rate and is more susceptible
to thermal noise impacting jitter. By
increasing the amplitude of the clock,
the transition becomes steeper. Ac-
cordingly, an equivalent thermal noise
fluctuation on the higher slew rate
clock translates to a lower timing error.
This is shown in Figure 2, where the
signal with the higher slew rate under
goes a smaller timing error versus a
lower slew rate signal in the presence
of the same thermal noise fluctuation
(An). The takeaway is to drive the clock
inputs to the ADC hard, on the order of
10 to 15 dBm, to keep the slew rate as
sharp as possible.

Measuring Clock Jitter

The clock jitter comprises two com-
ponents: aperture jitter and sample
clock jitter. Aperture jitter is the contri-
bution from the ADC device itself with-
in its clock distribution circuitry. This pa-
rameter is extracted directly from the
device's datasheet. Sample clock jitter
comes from the external clock source.
The total clock jitter is the root mean
square sum of each component, as ex-
pressed by Equation 4:

Tj =y T2+ T2 (4)

Aty ’:
At
..I

-

A Fig. 2 Benefits of a high slew rate
clock.
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Where:

] = Total clock jitter

7, = Aperture jitter

T = Sample clock jitter

Sample clock jitter is not a param-
eter that is readily provided. It is cal-
culated from the clock source’s phase
noise performance. Equation 5 ex-
presses the clock noise by integrating
the phase noise performance (L(f)) over
the desired frequency limits:

L)
Ncik = sz 10<W)df (5)
Where:

N¢y = Clock noise

L(f) = Phase noise (dBc)

The integration limits for Equation
5 depend on the application. The start
frequency, f;, should be the location
where the information is important.
If using the information to estimate
the error vector magnitude (EVM) of a
communication signal, the best choice
would be to start integrating on the
lowest subcarrier frequency, which is
usually a few kilohertz. For adjacent
channel power ratio measurement cal-
culations, the best choice might be to
start near the frequency edge of the
signal, which may be several mega-
hertz. The final frequency, f,, should be
set to the maximum signal bandwidth
or the maximum measured frequency
offset if the instrument limits are below
the maximum signal bandwidth.

Equation 6 shows the jitter calcu-
lated from the clock noise at a specific
frequency of operation:

(6)

CE ymark 1
- o

e 20 A
FREQUENCY (aHz) 5
>-UNCOOLED 23°C [CITE COOLED
SATELLINK, INC.
525 MILLER PARK DR.
ARLAND, TX 75042
CALL (972)487-143Y4
FAX (972)487-1204
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A Fig. 3 Clock phase noise and jitter measurement.

Where:

e = Clock jitter

Ncik = Clock noise

foi = Clock frequency

The factor of 2 in Equation 6 accounts for converting the
single-sideband (SSB) phase noise analyzer measurement
to a full double-sideband (DSB) parameter. Theoretically, the
clock jitter should remain constant. WWhen doubling the fre-
guency, the phase noise should ideally become 6 dB worse,
indicating that it doubles as well. In practice, other contri-
butions come into play as the frequency is modified, so an
actual measurement is prudent for the best accuracy.

Example Calculations

As an example, the following analysis measures clock
phase noise performance and estimates the corresponding
ADC SNR performance. The ADC device is a Texas Instru-
ments ADC32RF45 operating in decimate-by-4 mode with
an external clock at 2457.6 MHz. The input frequency is 1.75
GHz, operating at -3 dBFS. Assume that the SNR from ther
mal noise is 65 dBFS, derived from the low frequency perfor
mance of the ADC in the datasheet.

Figure 3 shows the phase noise measurement of the clock
source. The phase noise integration lower limit is set to 5 kHz,
which is roughly the smallest bin size in the ADC capture
fast Fourier transform (FFT) plot. The high end of integration
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A Fig. 4 ADC32RF45 FFT capture and SNR measurement.

is set at 20 MHz, which is near the maximum of the instru-
ment. Within the limits of integration, the clock jitter is 27 fs.
From the ADC device data sheet, the aperture jitter is 70 fs.
The composite clock jitter from Equation 4 is about 75 fs. Note
that the external clock jitter is quite good and contributes only
a slight increase over the device's aperture jitter in this case.

The SNR from the composite clock jitter is about 61.7 dBc
at the desired input frequency. The next step is to adjust the
value for the given carrier level to get a clock SNR of 64.7
dBFS. Next, combine the SNR from the clock with the SNR
attributed to thermal performance from Equation 1 to get a
composite SNR performance of 61.8 dBFS. Figure 4 shows
the actual FFT measurement under this condition, where the
reported SNR performance is 61.4 dBFS. The calculations
match the measured results within a few tenths.

Conclusion

Most of the parameters affecting a data converter’s SNR
performance are set for a given device, but a user can influ-
ence the choice of the data converter clock. Maintaining the
best clock phase noise performance leads to the best perfor
mance from the device. The jitter calculations assist in cascad-
ing clock performance to an overall data converter SNR perfor
mance to ensure that system specifications are met. B

AXTAL

Q-TECH Company

OCXOs MCXOs SAWs
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Capturing and ldentifying

RF Threats

Anritsu
Morgan Hill, Callf.

he RF spectrum is becoming increas-

ingly crowded as more technologies
use radio signals for sensing, control and com-
munications. Commercial communications sys-
tems, including public cellular, first responder
radios, digital mobile radio and Bluetooth/wire-
less LAN, crowd the spectrum below 6 GHz.
These technologies compete for spectrum allo-
cation with satellite communication in the 1 to 4
GHz bands and air traffic control and commercial
weather radar operating just below 3 GHz.

A Fig. 1 Remote spectrum monitors.

Deploying military communications in the
field requires knowledge of background RF ac-
tivity to ensure smooth and reliable communi-
cations. The very high frequency and ultra-high
frequency bands are fundamental frequencies
for military coommunications, but these individu-
al radios are commonly networked using mobile
ground-based satellite terminals. When deploy-
ing resources into new or threatening environ-
ments, the local RF environment is commonly
analyzed. Networked mobile spectrum analyzers
provide the building blocks for this activity. The
survey typically includes monitoring RF back-
ground activity and gaining insight into the origin
of unknown signals.

LOCAL AREA SPECTRUM
MONITORING

Monitoring the background RF environment
requires spectrum monitors located at strate-
gic positions around the site of interest. The
analyzers continuously sweep frequency bands
of interest and spectrum traces are logged
and recorded over an extended time. Anritsu
MS27101A Remote Spectrum Monitors are ideal
for this application, with a frequency range of
up to 6 GHz. Formats include standard half-rack
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Fig. 2 Multiple-source signals in Vision software.

chassis, IP67 outdoor chassis or 24 RF port rack-mount chas-
sis for multiple antennas. Figure 1 shows a representative
equipment location for a secure compound.

Anritsu’s Vision Software controls the remote spectrum
monitors, schedules spectrum captures and archives the
spectrum traces into a database. Vision is PC-based, using an
Ethernet connection to communicate with spectrum moni-
tors. Vision software on one PC can control multiple moni-
tors. Monitoring a large compound requires many networked
monitors that archive a spectrum trace at a scheduled time
interval. The number of traces in the database can quickly
become too large to analyze manually. Tools within the Vision
software enable filtering by signal level or the sudden ap-
pearance of a new signal. Figure 2 shows a representative

ELECTRONICS & DEFENSE
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Fig. 3 Pulsed signal hidden in an ISM-band Wi-Fi carrier.

multiple-source spectrum display.

When signals of interest, such as potential interfering or
nefarious signals, are identified in background testing, their
source is located and purpose identified. Nefarious signals are
often transmitted at the same frequency as desired transmis-
sions but at lower power levels using spread spectrum modu-
lation to hide their presence. These signals are difficult to find
and the best detection tool is a real-time spectrum analyzer
(RTSA). An RTSA displays RF power spectral density and high-
lights the presence of an RF transmitter, even if there is a
larger signal at the same frequency. These hidden signals are
not visible on a traditional swept frequency spectrum analyzer
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A Fig 4. 1/Q Signal Master showing the frequency signature of a transmitter power-up and 16QAM signal data.

that detects the peak or average power at each frequency
point. Anritsu’s MS27201A remote spectrum monitors and
Field Master spectrum analyzers all offer an RTSA option with
frequency ranges up to 54 GHz and analysis bandwidths up to
110 MHz. Figure 3 shows an example of this hidden signal.

SIGNAL IDENTIFICATION

Once a signal of interest has been spotted, further insight
must be gained into its characteristics. The best technique
for analyzing signals of unknown origin is an 1/Q signal cap-
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ture coupled with post-processing using MATLAB or Anrit-
su's MX280005A 1/Q Signal Master (see Figure 4). Selecting
a capture bandwidth matching the signal of interest’s band-
width can keep the I/Q data file size manageable. Sixteen
bits of resolution is typically sufficient for signal processing.

I/Q files can be captured as single, time-limited events
that are saved to the internal instrument memory or as a
continuous data stream to an external USB 3.0 SSD drive
or a PC with a PCle interface (required to capture and man-
age the data flow). Replaying the I/Q data using MATLAB or
Signal Master provides insight into the signal characteristics.
For pulsed or TDD signals, the RF turn-on and frequency lock
time are displayed. These parameters give a unigue signa-
ture for each transmitter technology. By comparing these
characteristics with a library of known threats and signals,
the signal origin often becomes clear.

DATA SECURITY

In all the use cases described, sensitive information is dis-
tributed over a network, typically Ethernet. Hostile agencies
can easily detect an unsecured Ethernet network, collecting
control commands between the PC and the spectrum monitor
and copying traces and files. This provides those agencies with
knowledge of the RF activity on a site, hostile and legitimate.

Anritsu remote spectrum monitors provide a secure com-
munications option to prevent access to sensitive frequency,
spectrum and 1/Q data. When connecting the remote spec-
trum monitor to a network, Option 17 creates a secure tun-
nel and closes unused communication ports to all traffic. As
an additional layer of security, the ports can be password-
protected, preventing simple connection by searching for ac-
tive IP addresses.

Remote spectrum monitors are the ideal instrument for
monitoring and safeguarding RF activity at sensitive loca-
tions. In addition to monitoring basic spectrum and creat-
ing RF background activity databases, an RTSA can detect
hidden signals and I/Q data capture enables detailed insight
into signals of interest. Data integrity and security are ex
pectations of monitoring networks and the Anritsu Remote
Spectrum Monitors offer secure encrypted communications
to meet these needs.

Anritsu
Morgan Hill, Calif.
anritsu.com/en-us/
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amed for MILDTL
D38999N, the applica-
ble military standard, the “D38-Triple-9"
cable assemblies have played an impor
tant role in various military applications,
from communication systems to radar
and electronic warfare equipment since
World War Il. These robust and versatile
RF and microwave single-action inter
connects are critically important for en-
gaging and disengaging multiple lines
of communication in the field of battle.
Long used as rugged, high performance
connectors in military and aerospace
applications, D38999 connectors and
cable assemblies are resurging as de-
pendable favorites in high frequency
multi-port/multi-signal applications. The
D38999 design capably meets the de-
manding requirements of high frequen-
cy performance, multi-signal manage-
ment, flexibility and durability in tough
land and sea environments.

High Frequency
Performance

Military operations often rely on high
frequency communication and data
transfer capabilities, especially in emerg-
ing warfare scenarios. D38999 cable as-
semblies are designed to deliver excep-
tional performance up to Ka-Band. The
D38999's ability to handle high frequen-
cies with minimal signal loss ensures re-
liable and secure communication chan-
nels for military personnel in the field.
Figure 1 shows individually terminated
cables in (a) and examples of populated
D38999 shells in (b).

Table 1shows applications for D38999
connectors and cable assemblies.

Benefits

Multi-Signal Management
Military settings commonly require
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D38999 Connectors and
Cable Assemblies in
Military Applications

ConductRF
Methuen, Mass.

simultaneous transmission of multiple
signals and signal types. D38999 cable
assemblies excel in managing these
complex signal configurations, whether
it involves combining data, voice and
video streams or integrating various
sensor inputs into a centralized system.
Their advanced design and shielding
capabilities prevent signal interference
while maintaining signal integrity and
accuracy even in highly dynamic opera-
tional environments.

Application Flexibility

D38999 assemblies can be custom-
ized to accommodate specific multi-
signal interconnection requirements.
These requirements may address con-
nector and cable styles, along with dis-
tance specifications, to ensure seam-
less integration with existing military
equipment and infrastructure. Their
flexibility extends to harsh environmen-
tal conditions, with options for rugge-
dized and waterresistant designs that
withstand extreme temperature, vibra-
tion and mechanical stress.

Challenges

For the untrained specifier/purchas-
er, ordering D38999 cable assemblies

in four different ways. This level of cus-
tomization requires a trusted and expe-
rienced supplier to assist and ensure
best practices in the ordering/produc-
tion stages of assembly. Additionally,
material and plating choices offer more
options that can be tailored to various
mechanical and environmental needs.

D38999 coax solutions come in
standard contact sizes: #8 (largest),
#12 and #16 (smallest). The standard
back shell solutions are more diverse
than the insert arrangements and shell
options. These options include straight,
angled, clamp, crimp and strain relief
styles. There are also several material
and plating options to consider.

Ordering D38999
Connectors and Cable
Assemblies

A D38999 connector and cable as-
sembly integrates, bundles or harness-
es multiple signals to allow single-action
connections and disconnections in the
field. If the required assembly mates to
a predetermined configuration, much
of the specification is defined. In these
cases, electrical parameters on the
mating side of the solution and factors

can be tricky. Hous-
ings are offered in
nine different shell
sizes and each size
has many insert ar
rangements. Users
can fully or partially
load them with coax,

twinax, quadrax,
signal, power, fiber
and more. These

technologies can be
mixed within a single

interface or keyed to A Fig. 1 ConductRF terminated cables (a) and ConductRF

the same interface D38999 shells (b).

EW, RADAR, & MILCOM SUPPLEMENT = SEPTEMBER 2024



TABLE 1

COMMON D38999 APPLICATIONS

T of key performance
Band (GHz) Applications characteristics. It is

sive intermodulation
(PIM) testing and oth-
er RFrelated testing

also important to
consider the need

for strain relief, fur
ther wrapping and/
or ruggedization, en-

vironmental sealing,
thermal management
and EMI/RFI protec-

Figure 2 shows

examples of stan-
dard D38999 RF
contacts. In this

example, there are
two pin-type con-
tacts and one sock-

L-(1to 2) Rammsie S:Ecs?r:g ifcflesrzfveillance
5 (210 4) e meme
X- (810 12) P o i Mo e
Ku- (12 0 18) BrOESr?SE;”S;Z?nZE'ﬁ;mgea‘ili %ObT;?\lj;si(;ar: o |
K- (18 to 27) secure Communication Networks
Ka- (265 t0 40) Next Conerato Racir Syatorms

A Fig. 2: Standard D38999 contacts.

like loss and power handling capability
of the cable and assembly still need to
be defined.

If the entire solution needs to be
specified, the designer must consider
the performance of each signal in the
combined interconnect uniquely. This is
important because each strand of cable
that gets terminated in the final inte-
gration carries a signal. Each of these
signals is terminated with a D38999
socket or pin contact that is inserted
into the shell in a specifically keyed po-
sition.

To properly specify the assembly,
the following performance require-
ments are important:

e QOperating frequency range

Insertion loss

Maximum CW power

VSWR

Return loss

Attenuation

Impedance (50, 75 or 95 Ohm)
Shielding requirements.

In addition to these parameters,
ConductRF can assist designers with
specifying cable type and size and se-
lecting the best cable contact or ter
mination style and size from a variety
of options. Additional requirements to
consider include phase matching, pas-

et-type contact. It
is important to note
that not every RF
cable style can be
terminated to all the
RF contact styles.
This is a common
miscue when speci-
fying  assemblies.
Custom-designed
contact solutions
are possible but
uncovering any po-
tential cable/contact incompatibility
early is important.

Conclusion

D38999 connectors and cable as-
semblies continue to be indispensable
in military applications due to their ver-
satility and reliability. Since ordering the
connectors and cable assemblies can
be complex, this article has highlighted
tips to simplify this process for users.
With proper education and in collabora-
tion with an experienced RF cable as-
sembly provider, users can specify key
electrical, mechanical, environmental
and assembly parameters and con-
straints to configure the appropriate
D38999 connector and assembly solu-
tion. ConductRF will help users config-
ure the best solutions for each unique
challenge. The company also has a
range of D38999 RF plug-in assembly
solutions that provide field replace-
ments in existing systems or turnkey
solutions for users who want to avoid
specifying a custom solution.

Y)VENDORVIEW
ConductRF
Methuen, Mass.

www.conductrf.com/
+1 978 374 6840
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CERNEX , Ine.

RF,MICROWAVE & MILLIMETER-
WAVE COMPONENTS
AND SUB-SYSTEMS UP

TO 500GHz “ m

e AMPLIFIERS UP TO 160GHz
o FREQUENCY MULTIPLIERS/
DIVIDERS UP TO 160GHz
e ANTENNAS UP TO 500GHz

o COUPLERS UP TO 220GHz

o ISOLATORS/CIRCULATORS UP
TO 160GHz

oFILTERS/DIPLEXERS/SOURCES
UP TO 160GHz

oSWITCHES UP TO 160GHz

oPHASE SHIFTERS UP TO 160GHz

o TRANSITIONS/ADAPTERS UP TO
500GHz

o WAVEGUIDE PRODUCTS UP TO
1THz

e TERMINATIONS/LOADS UP TO
325GHz

eMIXERS UP TO 500GHz

eATTENUATORS UP TO 160GHz
ePOWER COMBINERS/DIVIDERS
EQUALIZERS
#CABLE ASSEMBLIES/
CONNECTORS UP TO 110GHz
#SUB-SYSTEMS UP TO 110GHz
#DETECTORS UP TO 500GHz
eUMITERS UP TO 160GHz
#BIAS TEE UP TO 110GHz

Add:1710 Zanker Road Suite 103,San Jose, CA 95112

Tel: (408) 541-9226 Fax:(408) 541-9229
WWW.CErnex.com www.cernexwave.com
E mail: sales@cernex .com
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- SKU 1222 9-10 GHz

he Empower 1222 is a high

performance X-Band pulsed
GaN solid-state power amplifier (SSPA)
designed for advanced radar applica-
tions. Operating in the 9 to 10 GHz
frequency range, this compact module
delivers over 250 W peak power, mak-
ing it ideal for portable radar systems
requiring extended range. This fielded
and proven module is also used as a
building block in Empower’s air and
liquid-cooled multi-kilowatt X-Band am-
plifiers.

Utilizing 48 V GaN-on-SiC technolo-
gy, the Empower RF1222 offers excep-
tional efficiency and power density in a
lightweight, reliable and rugged pack-
age. Its flexible design accommodates

Flexible X-Band Radar
Module Delivers 250 Watts

pulse widths ranging from 500 ns to
500 psec with a duty cycle of up to 20
percent, providing versatility for various
radar configurations. One of the stand-
out features of the Empower 1222 is its
rapid response time, with an enable/
disable time of less than 250 ns.

The amplifier offers an RS-485 digi-
tal interface for control and monitoring
in state-of-the-art implementations.
To accommodate legacy implementa-
tions, the module also provides an ana-
log interface. This flexibility, combined
with its compact form factor, makes
the Empower 1222 well-suited for new
radar applications where portability and
extended range are key requirements.

The 1222 offers comprehensive pro-
tection features to ensure optimal per
formance and reliability. These include
safeguards against excessive pulse

width or duty cycle, over temperature,
power supply overvoltage, reverse po-
larity and overcurrent conditions. Em-
power RF has designed this SSPA to
meet the demands of contemporary
X-Band radar applications, offering a
COTS solution that balances high per
formance with reliability. The Empower
1222 represents a significant advance-
ment in radar technology, enabling lon-
gerrange detection and improved sys-
tem capabilities in a compact package.
Empower RF Systems designs RF
and microwave power amplifier solutions
for EW, radar, satcom, threat simulation,
communications and product testing.

)VENDORVIEW
Empower RF Systems
Inglewood, Calif.
www.empowerrf.com

airview Microwave, an Infinite
Electronics brand and a lead-
ing provider of RF microwave and
mmWave products, now offers a ver
satile 3.5 mm to 1.85 mm adapter to
address a wide range of RF and micro-
wave applications. The SM3980 from
Fairview Microwave is part of a large
selection of in-stock interconnect RF
components. This 3.5 mm to 1.85 mm
coaxial adapter features a 50 Ohm im-
pedance and is manufactured to pre-
cise RF adapter specifications with a
maximum VSWR of 1.25:1. The passiv-
ated stainless steel design resists cor
rosion and holds up to rugged environ-
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1.85 mm Adapter Supports
Frequencies to 34.5 GHz

ments, providing years of use.

This female-to-female inline adapter
features a 1.85 mm connector on one
end and a 3.5 mm connector on the
other, which can be used to connect dif-
ferent cable assembly types or to vari-
ous RF test, measurement and com-
munication devices. These RF adapters
can be used in a variety of applications,
including military, aerospace, satcom
and test and measurement. They are
compact and can be used in confined
spaces, making them useful for wiring
equipment and connecting subassem-
blies.

The Fairview SM3908 3.5 mm to

1.85 mm adapter is part of over one mil-
lion RF, microwave and mmWWave com-
ponents that are in stock and available
for same-day shipping. Fairview also
stocks and/or can custom-build 3.5 mm
and 1.85 mm coaxial cables that ship
quickly from our U.S.-based facility to
address all your RF and microwave ap-
plication requirements.

YVENDORVIEW

Fairview Microwave

an Infinite brand
Lewisville, Texas
fairviewmicrowave.com/
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18GHz High Power

Dlrectlonal & Dual-D:rect:onal Coupler

» High power handling

» Excellent coupling, flatness and directivity which will
significantly improve the signal acquisition accuracy

» Environment conditions meet MIL-STD-202F

» Low VSWR & insertion loss

» Custom-design & narrow band is available

> Arbitrary customization of 30-40dB nominal coupling

——
| = = MICABLE
N ~ D3008H0101
i : ~ cw=a00w

80
=
- 1-18GHz S/N-1050003
Freq. Range
—Test Curve of D3008HO10180 — () EA
2 02 D3012H003060
0.3-6
D4012H003060
el D3012H005060
e D4012H005060
D3008H005180
0.5-18
D4008H005180
. D3012H007080
D4012H007080
e D3012H010080
D4012H010080
L D3008H010180
. D4008HO 10180
D3008H060180
B D4008H060180
D3012HB003060
0.3-6
D4012HB003060
055 D3012HB005060
D4012HB005060
D3008HB005180
0.5-18
D4008HB005180
0.7-8 D3012HB007080
D4012HB007080
1.8 D3012HB010080
D4012HB010080
i3 D3008HB010180
D4008HBO10180
D3008HB060180
6-18

D4008HB060180

*Theordical Insertion loss Included

& www.micable.cn

Coupling
Max.(dB)

30+0.9
40+1.0
30+0.7
40+0.8
30+1.2
40+1.2
30+0.8
40+0.8
30+0.8
40+0.8
30+1.2
40+1.2
30+1.0
40+1.0

30+0.9
40+1.0
30+0.7
40+0.8
30+1.2
40+1.2
30+0.8
40+0.8
30+0.8
40+0.8
30+1.2
40+1.0
30+1.0
40+1.0

THRU

Main Line VSWR  Coupling VSWR

st 1}

Insertion Loss* Flaness Directivity Power
i) Min.(dlB) Maxw)

High Power Directional Coupler

1.4 1.4 0.6 *1 15 600
1.4 1.4 0.6 *1 15 600
1.3 1.3 0.4 +1 15 600
1.3 1.3 0.4 1.1 15 600
1.5 1.6 1.0 +1.2 10 400
1.5 1.6 1.0 *1 10 400
1.4 1.4 0.5 *1 14 600
1.4 1.4 0.5 +1.0 14 600
1.4 1.4 0.4 * 14 600
1.4 1.4 0.4 +0.9 14 600
1.5 1.6 0.6 +1.0 10 400
1.5 1.6 0.6 +1.0 10 400
1.5 1.6 0.5 +0.7 10 400
1.5 1.6 0.5 +0.7 10 400
High Power Dual-Directional Coupler
1.4 1.4 0.7 +1.5 15 600
1.4 1.4 0.7 +1.6 15 600
1.3 1.3 0.6 *1 15 600
1.3 1.3 0.6 +1.3 15 600
1.5 1.6 1.0 +1.5 10 400
1.5 1.6 1.0 1.7 10 400
1.4 1.4 0.6 +1.2 14 600
1.4 1.4 0.6 +1.2 14 600
1.4 1.4 0.6 1.1 14 600
1.4 1.4 0.6 +1.1 14 600
1.5 1.6 0.8 +1.2 10 400
1.5 1.6 0.6 +1.0 10 400
1.5 1.6 0.5 +0.9 10 400
1.5 1.6 0.5 +0.9 10 400

4 sales@micable.cn

MlIcable Inc.

Q0 +86-591-87382856



ravant announces the SAY-
3433634310-28-S1-MR a
monopulse Cassegrain antenna. De-
signed and manufactured for operation
indoors or within an environmentally
protected radome, the antenna cov-
ers a frequency range of 34 to 36 GHz.
With a beamwidth of 1.0 degree and a
gain of 43 dBi for the sum channel, the
antenna provides E-plane and H-plane
sidelobe levels of -16 dB. The minimum
return loss is 13 dB on all RF ports.
The three waveguide ports provide
channels for sum, vertical difference
(elevation) and horizontal difference
(azimuth) signals. The peak gain for the
difference channels is 36 dBi. Minimum
isolation between the sum and differ

Cassegrain Monopulse
Antenna Targets Ka-Band

Applications

ence channels is 45 dB. The symmetri-
cal feed structure yields excellent beam
uniformity and a null depth of 30 dB for
the difference channels.

The feed network includes E-plane
and H-plane folded magic tees and ma-
chined waveguide sections that enable
low signal loss and stable electrical
performance. The antenna measures
26 inches in diameter and 14 inches in
length. The reflector surface is painted
and all waveguide components have
a chemical finish for corrosion resis-
tance. The WR-28 waveguide ports are
compatible with UG-599/U waveguide
flanges. A smaller version of the an-
tenna, model SAY-3433632750-28-Ub-
MP has a reflector that measures 4.0

inches in diameter and provides a gain
of 27 dBi for the sum channel. The tem-
perature range of both models is -40°C
to +85°C.

Eravant, formerly Sage Millimeter
Inc., offers a vast selection of mmWWave
and sub-THz antennas and compo-
nents, as well as test and measure-
ment accessories and services. Cus-
tom components and subsystems are
also available with rapid quotes and fast
delivery.

JVENDORVIEW

Eravant

(formerly Sage Millimeter Inc.)
Torrance, Calif.
www.eravant.com

xodus Advanced Commu-
nications has developed a
high-power solid-state amplifier (SSPA)
system for C-Band pulse radar testing
applications as well as general radi-
ated susceptibility requirements such
as EMI-Lab/RS103 and electronic war
fare applications. The AMP4071P-1KW
pulse amplifier covers 4.0 to 6.0 GHz,
and it satisfies pulse requirements for
radar applications with pulse widths up
to 100 mS and duty cycles up to 10 per
cent. The AMP4071P-1KW produces
at least 1 KW pulse power across the
band with 2 dB maximum peak-to-peak
power gain flatness. The system uses
a class AB design, achieving less than
-20 dBc harmonics at rated output and
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1 kW Pulse Solid-State

Amplifier

-60 dBc non-harmonic spurious. This
system includes a gating feature with
an 80 dB on/off ratio.

This SSPA features extensive con-
trol, monitoring circuits and optional
calibrated power monitoring. Monitor
ing can be done via a seven-inch color
display or various remote-control in-
terfaces. The local color touchscreen
features real-time readings of forward
and reflected power levels, load VSWR,
system voltages and currents, as well
as the operating temperatures of the
PA modules, heat sinks and internal
system temperature. The incorporated
gain control has a range of greater
than 20 dB, which is accessible using
the local screen or any of the remote

interfaces. The AMP4071P-1KW is rack-
mountable or may be used on a bench.
The HPA has type N-female connectors
for the RF input, output and optional RF
sampling ports.

Exodus Advanced Communications’
product lines use LDMOS, GaN HEMT
and GaAs technologies with many de-
vices manufactured internally. In addi-
tion to HPAs, Exodus designs low noise
amplifiers, modules and multi-band
systems for applications ranging from
10 kHz to > 75 GHz.

JJVENDORVIEW

Exodus Advanced
Communications
Las Vegas, Nev.
exoduscomm.com
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DC TO 50 GHz

MMIC
Amplifiers

300+ Models Designed in House

CATV (75Q) Dual Matched Hi-Rel
Supporting DOCSIS® 3.1 Save space in balanced and Rugged ceramic package
and 4.0 requirements push-pull configurations meets MIL requirements for

harsh operating conditions

High Linearity Low Noise Low Additive Phase Noise
High dynamic range over wide  NF as low as 0.38 dB for As low as -173 dBc/Hz
bandwidths up to 45 GHz sensitive receiver applications @ 10 kHz offset

RF Transistors Variable Gain Wideband Gain Blocks

<1 dB NF with footprints as Up to 31.5 dB digital Flat gain for broadband

smallas 1.18 x 1.42mm gain control and multi-band use

1 Mini-Circuits
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Analog Devices
Expands True Time
Delay Beamformer
Portfolio

)VENDORVIEW

The ADAR4000 is a highly
integrated, single input,
quad output time delay unit,
operating from 2 to 18 GHz.
Each of the four channels
has an adjustable time delay
unit (TDU) and digital step
attenuator (DSA). The TDU can operate in a 508 ps mode with
4 ps resolution, or a 256 ps mode with 2 ps resolution. Each
path also has an adjustable amplifier bias. All this functional-
ity fits in @ 6 mm x 6 mm package.

ANALOG
D DEVICES

ADAR4000

Why CCDF is Better for

S8 Measuring P1dB

=] | Y)VENDORVIEW
x | Discover why Complementary Cumula-
1 tive Distribution Function (CCDF) curves
| are the more effective method for mea-
suring P1dB and P3dB in RF power am-
plifiers. This paper explains how CCDF
curves provide a statistical description of power levels in
digitally modulated signals, offering advantages over tradi-
tional methods, especially for amplifiers with soft compres-
sion characteristics. The paper outlines the process for using
CCDF curves, provides examples and demonstrates how
this approach accurately determines compression points for
various amplifier classes.

High Performance

Y Passive
% % Components
’ ' )VENDORVIEW
Exceed Microwave provides

custom high performance
passive microwave Compo-
nent designs up to 110 GHz for defense, space and com-
mercial applications. Exceed Microwave is AS9100 certified
and ITAR registered, providing high-quality, high performance
passive components. They provide various types of designs,
each with its own unique values and are designed and made
in the U.S. Many of Exceed's designs offer extremely high Q
factor, allowing very low insertion loss and high-power han-
dling.
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Thermoelectric
Refrigeration
Cooling/Heating
System
)VENDORVIEW

Cernexwave's Thermoelectric Refrigeration Cooling/Heat-
ing System is a great solution to bring your components to
the optimum temperature for testing. They have a tempera-
ture control range of -45°C to +120°C with fast temperature
change speed and high accuracy. The large cooling/heating
plate dimensions and small overall footprint allow these units
to be used for a great range of components in labs of any
size.

Eravant’s Space
and Military
Applications are
Certified

)VENDORVIEW
Eravant's quality manage-
ment system has been
certified by DEKRA to the
AS9100D standard, based
on and including ISO
9001:2015. Eravant's valida-
“| tion capabilities for space
’| and military applications
include thermal-vacuum
test chambers and thermal-
shock testing. Eravant offers components, subsystems and
custom design services from 18 to 330 GHz.

Solutions
from DC to
330 GHz

Exodus AMP2033-
LC, 6-18 GHz, 100
W, Another
Outstanding TWT
Replacement

Y)VENDORVIEW

Exodus AMP2033-LC is de-
signed for replacing aging TWT technology. A broadband,
rugged EMC Class A/AB linear design for all modulations and
industry standards. Covers 6.0 to 18.0 GHz, produces > 100
W minimum, with a minimum 50 dB gain. Excellent flatness,
optional monitoring parameters for forward/reflected power,
VSWR, voltage, current and temperature sensing for superb-
reliability. Exodus Quiet-Cool technology in our compact 5U-
chassis weighing a nominal 75 Ibs.
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NEW Waveguide
Standard Gain

Horn Antennas
\)VENDORVIEW

Fairview Microwave offers a broad portfolio of in-stock stan-
dard gain horn (SGH) waveguide antennas with either wave-
guide or coax connectivity that offer increased precision in
wireless test and measurement.

Stable, Flexible
Cables

IW presents low loss, phase
stable cables for very high
RF power applications! Our
established 4806 and 7506-
SP cables provide flexible
solutions to replace corrugated coax and waveguide for high
power systems up to 11 GHz (4806) and 6.5 GHz (75086), in-
cluding communications, radar, EW and EMC test. Turn key
assemblies are available with a wide range of connector op-
tions including C, SC, 7/16 DIN, 1 5/8 and 3 1/8 EIA flanges.

Ultra-Broadband
Butler Matrix with
Phase Shift

)VENDORVIEW

KRYTAR Butler Matrix with
Phase Shift family covers
multiple microwave bands,
from 0.5 to 40 GHz (L= thru
Ka-Bands) with wide phase shift coverage, excellent ampli-
tude imbalance, low insertion loss and VSWR and superior
electrical performance. They are an ideal choice for antenna
array beamforming, radar tracking and direction finding, 5G
New Radio (NR), Wi-Fi 6, Wi-Fi 6E, mmWave, MIMO device
testing, multipath simulation and performance evaluation.
The advantage over other methods of angular beamforming
is its simplicity of use.

EW, RADAR, & MILCOM SUPPLEMENT = SEPTEMBER 2024

Industry’s Most

m) i Broadband DC
:::“,,’g,.&g Block

'-:I'iz'@‘ 80 88 sd The HL8439 DC Block is a
3 oped, ﬁﬁkr} ceramic-based product of-
o 1oy 0 T fering that boasts a band-

width of 16 kHz to greater
than 110 GHz, with a voltage
rating of 10 V. HYPERLABS
has developed a proprietary
ceramic-based transmission
line topology that enables
an entirely new lineup of
ultra-broadband products as
well as a wide range of other
component offerings.

Ultra-Compact
High Performance
SSPAs with
Demonstrated
Reliability

Kratos has an extensive
portfolio of ultra-compact
power amplifiers covering
1 to 50 GHz with power lev-
els ranging from 50 W CW
to 2 kW pulsed. We offer SWaP-C solutions and the fastest
turn-around times for custom designs and production. Our
capabilities extend into integrated microwave assemblies
supporting various EW, radar and communications applica-
tions meeting unique mission specific electrical and environ-
mental requirements. 2024 product development includes
frequency coverage of V- and \W-Bands.

Explore How
Thermocouple RF
Power Sensors
Accurately
Measure RF Signal
Power

JVENDORVIEW

LadyBug's  thermocouple-
based broadband power
sensors deliver excellent
performance, VSWR, flatness and linearity across a wide
frequency range. These passive devices include a DC block
and advanced protective circuitry to minimize damage from
signal overloads. Encased in a waterproof package, they are
ideal for system integration. The innovative architecture al-
lows for low volume production of customized sensors tai-
lored to specific customer requirements.
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MMPX-00002PSM:
Passive MIMIC
DC-18 GHz
Quadplexer

)VENDORVIEW

The MMPX-00002PSM is a
MMIC surface-mount quad-
plexer capable of multiplex-
ing DC-6 GHz/8-10 GHz/12-
14 GHz/16-18 GHz signals.
Passive GaAs MMIC technology facilitates production of
smaller filter constructions that replace larger form factor
circuit board constructions. Tight fabrication tolerances allow
for less unit-to-unit variation than traditional filter technolo-
gies, creating highly accurate simulations using the provided
SnP files taken from measured production units. The MMPX-
00002PSM is available as a 6x6 mm QFN. Available now.

Micable 1-18 GHz

"

2l C. W 40 dB 400 W High-

- e _ | Power Directional
G i “ﬁ” Coupler

. )VENDORVIEW

Micable 1 to 18 GHz 40 dB
400 W high power direc-
tional coupler has DC pass
capability. With a nominal coupling of 40 dB, it can handle
400 W CW power at a wideband frequency and has 40+1.2
dB maximum coupling, 0.6 dB maximum insertion loss, +1.0
dB coupling flatness, 1.6:1 maximum VSWR and 10 dB mini-
mum directivity. It can be widely used in 5G, testing, instru-
mentation, power amplifier, transmitter and other fields.

Connecting and
Protecting People®
in EWW, Radar and
MilCom
Applications

MPG proudly offers a full
suite of cutting-edge filters,
switches and solutions for a variety of demanding applica-
tions, designed to meet the highest standards of precision
and reliability. Our latest innovations include Hercules™
switches, stacked filters, high performance miniaturized fil-
ters and more. Committed to global excellence, MPG lever
ages decades of expertise to deliver superior performance
and security for defense and commercial sectors. Visit our
website today and connect with our experts.
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MCI Provides
Custom Solutions

Microwave  Components,
Inc. (MCI) in Dracut, Mass.,
is a small veteran owned
manufacturer of custom
miniature air coils for Hi-rel
applications. MCl has proud-

ly been providing high Q,
miniature coils to the aero-
space, defense, and space markets since 1978. MCI will
never obsolete a part number for convenience. Let MCl help
“uncoil” your miniature inductor requirements.

20 GHz to 36 GHz
and 28 GHz to 40
GHzYIG-Based
Notch Filters for
EW and ECM

| Breakthrough product line
of notch filters that cover
mmWave frequencies. This
family of new yttrium iron garnet based filters provides supe-
rior notch depths over the 20 to 40 GHz frequency range. Two
models provide tunable notches of 15 MHz minimum at 40 dB
down across the 20 to 36 GHz (MLFR-2036) and 28 to 40 GHz
(MLFR-2840) bands. Typical passband insertion loss is 3 dB and
the passband range is 20 to 42 GHz.

See Norden’s VPX
Transceiver Specs
Norden's wideband VPX
transceiver is used across
military applications. It of-
fers 2 to 18 GHz operation
in a versatile OpenVPX plat-
form. The NUDC2-18/1.3-
2.3 includes internal LOs which provide an instantaneous
IF bandwidth of 1 GHz and exceptional noise figure. The
NUDC2-18_1.3-2.3 is currently in production. Contact Nor
den with your specific requirements and discuss custom
configurations to meet your specification needs.
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RF Wideband
Converter, 0.5 to
18 GHz

Q Microwave's wideband
frequency-agile RF convert-
ers, capable of converting
RF frequencies between 0.5
and 18 GHz, with 500 MHz
of instantaneous bandwidth,
for an IF range centered at

1200 MHz (950 to 1450 MHz).

Rl Q-Tech and AXTAL
‘ Crystal Oscillators

B | Q-Tech and AXTAL offer a
full line of crystal oscillators
designed for use in critical
military and defense applications where precise timing, reli-
ability, durability and performance are essential to meet the
extreme operating conditions. Oscillators may be screened
to MILPRF-55310, Level B as required. Combined, Q-Tech
and its subsidiary AXTAL offer a full range of military/defense
devices including XOs, VCXOs, TCXOs, OCX0s, MCXOs and
SAWSs.

®Q1ECH

Crystal Oscillators for Military / Defense Applications

RF and Microwave
Filters and
Integrated
Assemblies

JVENDORVIEW

Reactel manufactures a line
of filters, multiplexers and
multifunction ~ assemblies
covering up to 67 GHz. From small, lightweight units suitable
for flight or portable systems to high-power units capable
of handling up to 25 kW, connectorized or surface-mount —
their talented engineers can design a unit specifically for your
application.
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ICs that Power
High Performing
X-Band Phased
Array AESAs

Qorvo provides the most ca-
pable components for high
performing X-Band radars.
Silicon quad core beamform-
ing ICs from the Anokiwave
acquisition feature select-
able dual Rx beams to support monopulse or dual polariza-
tion operation. GaN T/R FEMs with a range of transmit out-
put powers that complement and interface directly with the
beamformer ICs. Independent phase/amplitude setting at
each element is achieved through direct SPI control. These
ICs are widely proven in military and commercial platforms
and are available with short lead times.

I QOP\'O

Ultra-Low Insertion
Loss Isolators

Quantic M-Wave has 30+
years of passive ferrite
product design experience
in low loss applications.
Our proprietary processes
provide extremely high ef-
ficiency in our waveguide
and coaxial isolator and
circulators. The highlighted
model #421J127S provides 0.08 dB typical insertion loss and
a 0.12 dB maximum over the customer specified bandwidth
in WR42. M-Wave is now part of the Quantic team, we are
even better positioned to support your needs for high per
formance components. See what our design team can do
for you.

Wideband Power
Amplifier,
RWP25020-50

)VENDORVIEW

RFHIC's RWP25020-50 is a
gallium-nitride on silicon car
bide (GaN-on-SiC), S-Band,
wideband amplifier suited
for broadcasting and communication system applications.
Covering from 2000 to 3000 MHz, the RWP25020-50 yields
a small signal gain of 25 dB with 44 dBm at P3dB peak.
The RWP25020-50 is designed using RFHIC's GaN-on-SiC
on silicon carbide high-electron-mobility transistors (HEMT),
providing high breakdown voltage, efficiency, and lower ther
mal dissipation. The device is fully matched for easier sys-
tem integration.
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MM5130 26 GHz
High-power SP4T
RF Ideal Switch

\)VENDORVIEW

The Menlo Micro MM5130
high-power  SP4T  micro-
mechanical switch provides
ultra-low insertion loss and
superior linearity as an SP4T from DC to 18 GHz, and greater
than 3 billion switching cycles. The MM5130 can also be con-
figured in Super-Port mode that extends the frequency op-
eration to 26 GHz. This Ideal Switch® is an ideal solution for
replacing large RF electromechanical relays, as well as RF/
microwave solid-state switches in applications where linear
ity and insertion loss are critical parameters. Available now
from RFMW.

RFS44 — 100 kHz
to 44 GHz 4-Port
e RF Switch

Switch from LF all the way
through the Ka-Band with
Signal Hound's new RFS44
antenna switch. This single
pole four throw (SP4T) ab-
sorptive solid-state switch,
featuring silicon-on-insulator
(SOI) technology, provides RF switching across four ports at
up to 44 GHz. With blazing fast switch speed, 3 ns rise/fall
times and direct access from Spike™, the RFS44 enables
concise data acquisition when switching across varied fre-
qguencies in diverse RF environments.

Dielectric Materials
for Wire-bondable
Single-layer
Capacitors

The new K4200 dielectric
material for wire-bondable

ST
; 4
single-layer  capacitors  for

/4
high performance microwave

circuits has a X7R temperature coefficient and wide operating
range from -55°C to 125°C. The new wire-bondable capacitor
lineup ranges from capacitances less than 0.1 pF up to 10 nF,
footprints from 0.2 x 0.2 mm (8 x 8 mils) to 2 x 2 mm (80 x 80
mils) and thicknesses from 0.1 mm (4 mils) to 0.3 mm (12 mils).
Tecdia continues to develop more novel materials with charac-
teristics tailored to meet the needs of cutting-edge RF designs
and provide optimal solutions to customers.
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8 GHz Sapphire
Loaded Cavity
Oscillator

Saetta Labs’ Sapphire
Loaded Cavity Oscillators
(SLCO) at X-Band are pure
microwave oscillators exhib-
iting unparalleled low phase
noise of -155 dBc/Hz at 10
kHz offset (8 GHz). Meld-
ing state of the art materials
with meticulous engineering they are a complete sub-sys-
tem operating free-running or external reference locked. 8
GHz, 10 GHz, 10.24 GHz, 12 GHz + Custom.

z 2

Solid-State Power
Amplifiers (SSPAs)

Stellant  Power Systems
Technology (PST) (formerly
Comtech PST) continues
to revolutionize the solid-
state RF amplifier industry.
Our designs maximize amplifier performance by achieving
higher power density, greater efficiency, improved thermal
management and reduced size. We closely align ourselves
with our RF device partners to be ahead of market trends
in the aerospace and defense sectors. \We also manufacture
custom products for highly specialized medical, satellite and
R&D laboratory markets. Our amplifier products operate to
18 GHz with output power levels to multi-kilowatt.

Customized
Ceramic Solutions

& i B Trans-Tech will provide cus-
!f@”” ‘ tomized ceramic solutions

for your most difficult chal-

lenges. Trans-Tech manu-
facturers dielectric and ferrite materials and components,
thermal barrier coating materials, RF bandpass filters, RF
circulators and isolators, medical materials, patch antennas,
phased array radar elements, radar absorbers and numerous
other custom solutions for RF, microwave, thermal and high
power, temperature stable and low dielectric loss uses. Your
partnership with Trans-Tech will result in collaboratively de-
veloped products with unparalleled performance and value.
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] Designed for
Durability.
Engineered for
Excellence.

Trexon solves the world's
most challenging connectiv-
ity problems with relentless
innovation, industry exper
tise and constant collabora-
tion. Formed from the com-
bination of top wire and cable companies, Trexon provides
an expanding range of specialized products and solutions
designed for rugged and specific conditions. The Trexon En-
gineered Products Group consists of the following industry-
leading companies; Cicoil, EZ Form Cable, The First Electron-
ics Corporation, Hydro Group, Integrated Cable Systems and
Power Connector Inc.

o Directional
&r Couplers
/\ ALzge, \J Introducing the  cutting-
e edge X-Band 8 to 12 GHz 3
dB hybrid and 20 dB direc-
tional couplers, designed for

broadband medium power
applications in military, aerospace and commercial applica-
tions. The XMC0812F1-20G and XMC0812F1-03G models
boast a 12 dB peak to average ratio, 50 W average power
handling, and come in a compact 5 mm x 3.2 mm surface-
mount package with a durable ENIG finish. Ideal for power/
frequency detection, VSWR monitoring and signal combin-
ing/splitting. Available now for sampling.
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mmWave Reflectionless Filters
Using Advanced Thin Film
Fabrication

Matthew A. Morgan and Tod A. Boyd
National Radio Astronomy Observatory, Charlottesville, Va.

Seng Loo and Miho Hunter

Anritsu, Kanagawa, Japan

Reflectionless lowpass and highpass filters on quartz in the mmWave band each have a cutoff
frequency at approximately 60 GHz. The absorptive stopband of the lowpass filter and passband
of the highpass filter extend up to 120 GHz, the measurement equipment limit. These represent
the highest operating frequencies ever reported for reflectionless filters and a landmark
achievement for strictly lumped-element-based designs. This performance is made possible due
to an advanced thin film fabrication process capable of extraordinary lithographic resolution,
down to 2 um, combined with integrated circuit (IC) elements like metal-insulator-metal (MIM)
capacitors, bridges and thin film resistors. The process shows high yield, suitable for mass
production and commercialization.

168

he concept of absorptive filters
dates back at least to the 1920s,
nearly a century ago, with the work
of Zobel' and Bode,?2 when they
were called constant-resistance networks
and were based on image-impedance prin-
ciples, bridged-tees and cascaded, first and
second-order lattice sections. However, the
practical limitations on the performance and
realizability of such designs precluded them
from becoming widely adopted. However,
interest in absorptive, or reflectionless, fil-
ters has experienced a resurgence in recent
years, owing initially to the discovery of
lumped-element topologies that could the-
oretically achieve perfect impedance match-
es at both ports and all frequencies, from DC
to infinity, with no added passband loss.34
At first, limited to a single response type,
that of a third-order Chebyshev Type Il filter,
a broader theory of symmetric and self-dual
circuit topologies was built upon this foun-
dation until it was eventually found that any
transfer function whatsoever that was realiz-
able using lumped elements could likewise

be implemented in a reflectionless form.>-12

Seeing the advantages of a filter that ab-
sorbs stopband energy instead of reflect-
ing it, many researchers began searching
for ways to duplicate these results using
other circuit elements, such as transmission
lines,13-19 coaxial resonators20.21 and surface
acoustic wave (SAW) resonators?? as well
as other methodologies, most importantly
coupling-routing diagrams.20-27 These often
resulted in somewhat larger filters for a giv-
en frequency with limited absorption band-
width (theoretically as well as practically),
and/or with stopband impedance matching
at only a single port.

This work concentrates on lumped-ele-
ment designs, as these are generally capa-
ble of the broadest absorption bandwidth
in the most compact form. Originally fab-
ricated at relatively low frequencies using
discrete surface-mount elements, these to-
pologies were eventually implemented in
the microwave regime using an integrated
passive device (IPD) fabrication process on
GaAs wafers.28
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fifth-order lowpass
filter, while Figure

291 |2/g1-g2)

1/92 = = = 1/92

1b is a seventh-or-
der highpass filter.
Both are Cheby-
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and are theoreti-
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cally reflectionless
at both ports and

all frequencies. The

(a) (b)

prototype parame-
ter values used for
these designs are
listed in Table I.

A Fig. 1 Fifth-order lowpass (a) and seventh-order highpass
(b) filters implemented in advanced thin film technology.

Having been reduced to practice
in a form suitable for cost-effective
mass manufacturing, these devices
are now distributed by Mini-Circuits
and have become adopted by the
industry as the preferred solution in
several applications.29-32 However,
the difficulty of realizing good-qual-
ity lumped elements at short wave-
lengths has limited their cutoff fre-
quencies, primarily to the cm-wave
range (though passband and ab-
sorption bandwidths often extend
much higher).

With the advent of sophisticated
thin film fabrication that combines
IC elements (MIM caps, bridges and
thin film resistors) with photolithog-
raphy having even better resolution
than is generally achievable with
commercial IV semiconductor
processes, we are now prepared to
implement lumped-element circuits
of this kind for the first time in the
mmWave regime. This capability is
demonstrated by the development
of two prototypes: a fifth-order Che-
byshev Type Il lowpass filter and a
seventh-order Chebyshev Type I
highpass filter.

SCHEMATIC FILTER DESIGN
Circuit diagrams of the two pro-

totype filters reported in this article

are shown in Figure 1. Figure 1ais a

The ripple fac-
tor is selected to
achieve the maxi-
mum theoretical stopband rejection
for these topologies (without requir-
ing transformers, which are difficult
to implement at such high frequen-
cies in planar circuit technology).
Ripple factor, ¢, is given by Equa-
tion 1 and Equation 2:

anh-1ef

= e4t h 1( )_
0.2164N=5 0
0.2187,N=7

sinh™’ (\/1/25in(n /N)tan(:rc /N)) (2)

N is the order of the filter.>.¢

Consequently, stopband rejec-
tion is theoretically limited to about
13.5 dB, as shown by their ideal,
normalized frequency responses in
Figure 2. It has become common
practice to cascade multiple stages
of such designs to achieve the level
of stopband attenuation desired for
a given application, however, sin-
gle-stage designs are sufficient for
this present proof-of-concept.

PHYSICAL ELEMENT DESIGN
Note that by selecting minimum
ripple factors, the first and last two
elements in each row of Table | are
identical. This means that certain el-
ements in the schematics of Figure

TABLE 1
CHEBYSHEV PROTOTYPE PARAMETERS FOR LIMITING RIPPLE FACTORS
N {5 ] 92 94 gs 96 g7
5 0.2164 1.337 1.337 2.164 1.337 1.337
7 0.2187 1.377 1.377 2.280 1.498 2.280 1.377 1.377
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A Fig. 2 Ideal, normalized frequency
response of fifth-order lowpass (a) and
seventh-order highpass (b) reflectionless
filters.

1 vanish in the final layout, for ex-
ample, the capacitor 2/(g4 — g,) and
the inductor 2/(gs — g,4) in Figure 1a.
Others are split into two in favor of
layout symmetry; for example, the
series inductor having the value 2/
g' will be implemented with two
series inductors in the physical filter,
mirrored, each having a normalized
value of 1/g;.

A cutoff frequency of 60 GHz is
selected for both designs. This re-
quires capacitors ranging from 40
to 120 pF. They are implemented
as MIM capacitors with silicon ni-
tride (SiN) dielectrics. The required
inductors range from 99 to 199 pH.
They are implemented as planar
spiral coils having 1.5 turns each in
the first metal layer. The fine lithog-
raphy of the process makes it possi-
ble to use trace widths and spacings
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Inductor layout (inset), simulated reactance and
quality factor (solid lines) and theoretical reactance of an ideal
160 pH inductor (dashed line).

of 3 and 2 ym, respectively.

The internal node of the coil is brought out using
a dielectric bridge (the same SiN dielectric used for
the capacitors). This extra parasitic capacitance at the
bridge is a compromise between the simplicity of the
fabrication process and the self-resonance of the induc-
tor.

A typical inductor layout for these filters is shown in
Figure 3, as the inset on a graph showing the simulated
reactance and quality factor as a function of frequency.
It shows that a linear reactance curve is achieved from
the lowest frequencies up to around W-Band, eventu-
ally reaching a self-resonance at 200 GHz. The peak Q,
modeled at around 100 GHz, is about 16.

The thin film circuits are fabricated on a Corning
Fused Silica 7980 quartz substrate. The key process
steps are as follows:

e A tantalum nitride (TaN) resist layer with a target
sheet resistance of 50 ()/sq. is deposited across the
entire wafer (see Figure 4a). The reflectionless filters
are relatively insensitive to resistor value, so a toler-
ance of +10 is acceptable.

* Next, a TiW/Au seed layer is deposited, then plated
up with Au to a thickness of 1.25 pm. This is then
etched to form the first metal layer (see Figure 4b).

e After etching the first metal layer, resistors are pat-
terned from the underlying TaN film (see Figure 4c).

* SiN is then deposited and etched (see Figure 4d).
The target thickness of the dielectricis 1 pm, yielding
an expected capacitance density of 0.062 fF/pm?2.
Note that SiN also covers the resistors, so as not to
expose them to the CF,/O, plasma used for pattern-
ing the dielectric islands, as this plasma would also
etch away the TaN film.

e The second metal layer is then formed once again
using a TIW/Au seed layer, plated up this time to a

170

Deposit and Etch First Metal Layer (TiW/Au Plate up 1.25 pm Thick)

Quartz Carrier

(b)
Pattern Resistors
Quartz Carrier
(c)
Deposit and Etch Bridges and Capacitors (SisN4, 1 um Thick)
o — Y | R
@ Quartz Carrier

Deposit and Etch Second Metal Layer (TiW/Au Plate up 2.50 pm Thick)

N — ] Ry N

Capacitor Bridge Resistor  Contact Pad

(@ Quartz Substrate (125 pm Final Thickness)

Key thin film fabrication process steps: deposition
of the TaN resistor film (a), deposition, plating and patterning
of the first metal layer (b), resistor patterning (c) deposition (d)
and patterning (e).

thickness of 2.5 pm and then etched (see Figure 4e).
* After all other processing steps are completed, the

wafer is thinned to a final thickness of 125 pm and

diced.

An MRC 943 series sputtering system and a Tem-
esCal VES-2550 E-beam evaporator are used for the
metal deposition processes. Photolithography imaging
is accomplished using positive tone resists and a Canon
FPA2000-il 5 X stepper. SiN deposition is done with a
Novellus Concept One plasma-enhanced chemical va-
por deposition (PECVD) tool. Finally, gold electroplat-
ing uses a Tanaka gold sulfite plating system.

The potential for capacitor shorts is considered a risk
for this fabrication process. An initial attempt used a
much thinner first metalization layer of 0.4 pm to keep
the surface as smooth as possible for subsequent SiN
deposition. While the capacitor yield was excellent (no
shorts were discovered), metal trace ohmic losses were
unacceptably high. Having greater confidence in the
capacitor process, a second run used a thicker metal-
ization stack described above (see Figure 4).

Microphotographs of the two completed circuits are
shown in Figure 5. Scanning electron microscope (SEM)
images better reveal the three-dimensional structure of
the critical elements and the quality of fabrication; a se-
lection of these scans is shown in Figure 6.

Both circuits are fabricated on a 100 mm diameter
wafer, containing over 14,000 chips (7000 of each de-
sign). The chips are wafer probed using a Keysight
N5291A-201 vector network analyzer (VNA) capable of
measuring two-port scattering parameters from 900 Hz
to 120 GHz in a single sweep. The results are plotted in
Figure 7.

The measured response curves for both filters (solid
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lines) are shifted upward in frequen-
cy by 5 to 10 percent compared to
initial simulations. This is attributed
to the SiN capacitor dielectric, ini-
tially assumed to have a dielectric
constant of er = 7. For the simula-
tions plotted in Figure 7 (dashed
lines), the dielectric constant is de-
creased to account for this error,
but it is still within the acceptable
range reported in the literature.33
This brings the measured and simu-
lated results within good agreement
across the entire frequency range.
It also partly accounts for the in-

(b)

A Fig. 5 Microphotographs of thin
film, reflectionless filters: lowpass

filter measuring 600 x 400 pm (a) and
highpass filter measuring 600 x 700 pm
(b). The substrate is 125 pm thick quartz.

creased reflection coefficients in the
stopband of the lowpass filter and
the transition band of the highpass
filter.

DC resistance measurements are
performed at sites across the entire
wafer to verify trace conductivity, and
to test for shorted or leaking capaci-
tors, which, as discussed previously,
are considered a technical risk for
this fabrication. One lowpass filter
in each of the 82 reticles is probe-

TechnicalFeature

tested for DC isolation between one
of the port signal pads and ground.
This is nominally expected to be an
open circuit. However, if either of the
first two capacitors, labeled 1/g, in
Figure 2a, is shorted or leaky, then
a finite resistance will be measured
(recall that the grounded capacitor
2/(gq — gy) vanishes since g4 = g,).

The leakage test results are sum-
marized in the wafer map of Figure
8 ("OL" means no measurable leak-
age is detected). Out of 82 reticles,
13 showed signs of some leakage,
all clustered around the outer edge
of the wafer. Thus, the global capac-
itor yield is estimated in Equation 3
to be:

f69
Y =,|— =92 percent 3
¢ 82 P )

The square root is used since two
capacitors must both be good for
the isolation test to pass. Closer to
the center, presumably, the yield is
much higher (none of the devices
tested in the interior, whether at DC
or RF, was found to be defective).
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A Fig. 7 Measured (solid lines) and
simulated (dashed lines) S-parameters
for lowpass (a) and highpass (b)
reflectionless filters. The SiN dielectric is
adjusted to account for an apparent shift
in frequency between measurements and
initial simulations.
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A Fig. 8 DC isolation between the low-
pass signal port pad and ground. Out of
82 sites measured, 13 showed evidence

of capacitor leakage.

(a)

(d

A Fig. 6 SEM images of a fabricated filter: full circuit. (a) closeup of bridges (b), closeup of capacitors (c) and closeup of inductor

and thin film resistor (d).
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Comparison of this work with other approaches in
terms of size (largest linear dimension) and cutoff frequency. All
cutoff corners for bandpass, bandstop and multiple-band filters
are shown. Bond pads are included in the circuit dimensions.

Reflectionless lowpass and highpass filters on quartz
in the mmWave band are demonstrated. Each has a
cutoff frequency at approximately 60 GHz. The absorp-
tive stopband of the lowpass filter and passband of the
highpass filter extend up to 120 GHz, the limit of our
measurement equipment. These represent the highest
operating frequencies ever reported for reflectionless
filters and a landmark achievement for strictly lumped-
element-based designs. This performance is made pos-
sible by an advanced thin film fabrication process ca-
pable of extraordinary lithographic resolution, down to
2 pm, combined with IC elements like MIM capacitors,
bridges and thin film resistors. The process shows high
yield, suitable for mass production and commercializa-
tion.

The advantages of these designs and this fabrication
technology are strikingly illustrated in Figure 9, which
compares this work to numerous others (included in
the references) in terms of compactness (on the verti-
cal axis) versus frequency (on the horizontal axis). Note
that both scales are logarithmic, spanning five orders of
magnitude in frequency and three orders of magnitude
in physical size.

It is interesting to see how well the different ap-
proaches to reflectionless filters naturally segregate
themselves into clusters on such a plot. Lumped-ele-
ment designs using surface-mount (SMT) components
appear in the upper left as relatively large circuits at low
frequency. In contrast, filters on microwave laminates
or soft board materials, almost universally implement-
ed using distributed elements such as transmission
lines'3-19 or substrate-integrated resonators,20.21 in-
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crease the frequency without any real reduction in size,
thus grouping together in the upper right corner.

The smallest and highest-frequency designs have
all, until now, been implemented using MMIC fabrica-
tion, usually lumped-element on either a GaAs IPD or
silicon CMOS wafers. The two filters reported here, us-
ing a thin film process on quartz, appear in the extreme
bottom right corner of the plot, achieving the highest
frequencies in form factors that are among the smallest
ever reported. B
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