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Simple Solution

For mission critical applications, Analog Devices delivers
proven, beamforming technology with trusted reliability
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Hi-X Series
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DC TO 65 GHZ

RF & Microwave
Test Solutions

Get More Out of Your Test Setup

Software Controlled Building
Blocks and RF Interface Units Custom Test Systems Test Accessories
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Switching, attenuation, distribution, signal source, amplification, sensing, measurement and more



Flexible

Wide selection of components in
stock from DC to 67 GHz

Start small and expand and reconfigure
as your needs change

Use our software or yours. User-friendly
GUIl included or develop your own
software with LabVIEW®, MatLab®,

Reliable

All components and assembled systems
fully tested and characterized in-house

50+ years quality, manufacturing
and supply chain expertise

Affordable
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Wide selection of solutions in stock
for immediate shipment

Modular systems allow quick, user-
defined hardware configuration

Industry’s fastest turnaround times
on custom systems
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t h Solutions for mission critical, radar, military defense, EW,
apl ec communications and SATCOM systems, avionics, and space platforms.

Value-added Integration
from Components to
Subsystem Solutions

SYSTEMS INTEGRATION P i

APITech is the Electromagnetic Spectrum
Innovator at Tier 2.5 -4 in the supply chain.

TIER 1

Communications

MISSION/INTEGRATED SYSTEMS @ Radar or

We work in partnership with our customers to

ensure the best possible outcomes; INTEGRATED SUBSYSTEMS & BOXES Radio or Interface
incorporating the latest devices and design TIER 2 Assembly
techniques to offer the best possible
performance and price.

MODULES

TIER 3
Solutions from APITech EMEIA are normally
ITAR free and technology transfer

arrangements with partners can be agreed.
Passive

P COAX

RF, Microwave, Microelectronics
& Power Solutions

Components, Modules, Integrated Assemblies and Subsystem:s.

Pre-filtered GPS LNA Discrete EMI Filters Micro-optical transceivers RF Testbed solutions

Leverages APITech'’s core Superior high-frequency insertion A retrofit solution designed to APITech Weinschel offers solutions
competencies in low-loss filter, loss and built in accordance with MIL- improve critical data transfer in the to challenging 5G and Wi-Fi 6 test,
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Let Amplical

Jump Those Hurdles for You
with our Complete In-House Design, Manufacturing and Test Capabilities

Customers can depend on us for quick order fulfillment,
competitive pricing and dedicated service.

Let us prove our commitment to you today.

High performance standard and custom
Control Components and Amplifiers to 40GHz.
+« EW Systems

» Communications Systems

« Radar

« Test

» Simulation

Products:

« Switches

« Attenuators

» Phase Shifters

« Limiters

« Switch Matrices

* Broadband Amplifiers
« Low Noise Amplifiers

» High Power Amplifiers
+ Custom Components and Sub-assemblies =

Fax: 973-386-1131
E-mail; info@amplical.com
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Next-Generation RF Solutions
for Mission Critical Systems

Frequency Paw PAE Gain Part
Range (GHz) (dBm) (%) (dB) Number

17.5 dBm Low Noise Amplifier Z CMD242K4
10 Watt GaN Amplifier QPA2962
150 Watt GaN Amplifier QPA3070

Description

100 Watt GaN Amplifier QPA2309

50 Watt GaN Amplifier QPA2310

12 dBm Low Noise Amplifier CMD328K3
Low Insertion Loss SPDT Switch . QPC2040

Qorvo’ offers customers the most advanced combination of power and performance with its industry leading GaN
power amplifiers and its new portfolio of high-performance GaAs MMICs that cover the entire RF signal chain.
Qorvo's RF solutions set the standard for reliability, efficiency and design flexibility, and is a trusted and preferred
supplier to the DoD and leading defense contractors around the globe. As the industry’'s only MRL 10 GaN supplier,
customers can depend on Qorvo solutions to support mission critical applications that operate in the harshest
environments on land, sea, air and space. At Qorvo we deliver RF and mmWave products to Connect, Protect and
Power™ RF systems All Around You".

To learn more, visit gorvo.com or connect with our distribution partner RFMW at www.rfmw.com/qorvoradar/43
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5G RF Components & Cable Assemblies

Whether you're building the future of enhanced mobile broadband or designing applications for loT
and mission-critical communications, Fairview Microwave offers the most extensive portfolio of
in-stock and ready-to-ship 5G RF components and cable assemblies. Fairview Microwave is

ready to support 5G innovation, testing, and deployments, through an expansive product
offering, product support, and a commitment to same-day shipping.

Fairview Microwave offers thousands of active, passive, interconnect,
and antenna products for global sub-6 GHz and mmWave
frequency bands as well as technical service and application
engineers are standing by to answer.

All 5G RF Components are in-stock and
available for immediate shipping!
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Fliminate unwanted EMI with
our new Power Choke

Impedance Finder

Find off-the-shelf, inductors/chokes for your

EMI noise-tiltering applications with this powertul new tool

Coilcraft’s EMI Power Choke Impedance
Finder is an easy-to-use search and analysis
tool developed to help you identify the perfect
inductors/chokes for different types of EMI
filters.

It helps you optimize the design of an input
EMI filter or a second stage output filter for
switching power supplies, as well as many
other applications requiring noise reduction.

The Z @ Frequency search option locates
inductors that perform at your desired imped-
ance and frequency, allowing you to analyze
and compare multiple part numbers of your
choice quickly and easily, and then order free
evaluation samples for further review.

So take the first step toward suppressing
unwanted EMI noise. Start your search today
at www.coilcraft.com/tools.
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300 KHZ TO 6 GHZ

Introducing the eVNA

A high-quality, affordable VNA from
the world's trusted partner for all things RF

DYNAMIC RANGE TRACE NOISE OUTPUT POWER
>120dB <0.008 dBrms -50to +7 dBm

2-Port 2-Path S-Parameters Time Domain and Gating
Built-in Bias Tee Accessible on Both Ports Port Extension De-Embedding
API for Windows and LabView eMCal (Electronic Calibration)
SCPI Command Interface Yearly Factory Calibration
Touchstone File Import and Export 3 Year Warranty
Size: 10" x 8" x 1.75" Weight: 4.5 kg / 9.92 lbs

LEARN MORE

Complete line of calibration kits p—
and accessories available. I;I,:;:u_g
Tkl
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When high-volume waveguide component testing looks like a high hurdle, Eravant gives you a leg up.
Proxi-Flange™ waveguide segments make contactless waveguide connections a reality. Wave-Glide™
fixturing systems make contactless waveguide connections fast, easy, accurate, and repeatable.

Both product families are compatible with Eravant’s frequency extender systems, as well as all other
frequency extenders commonly used today.

Stop worrying about how to test waveguide components and start harnessing Eravant’s long
history of producing and testing high-quality microwave and millimeter-wave components.
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PROXI-FLANGE™

Contactless Waveguide Connections
Fast and Easy Component Testing
Accurate and Repeatable Test Results
Reduced Test System Maintenance
Frequency Coverage from 18 to 220 GHz

WAVE-GLIDE™

Effortless Connection of Components & amp; Test Systems
Configurable For a Wide Range of Components
Compatible with All Frequency Extenders

Supports Automated and Semi-Automated Testing



ERAVANT

FORMERLY SAGE MILLIMETER

PROXI-FLANGE™ & WAVE-GLIDE™

PATENT-PENDING | REPEATABLE RESULTS |18 to 220 GHz

SAGE Millimeter is now Eravant, a change that renews our commitment to the millimeterwave
industry. Since 2011, we have been delivering quality products and energizing the customer
experience to meet the needs of RF engineers working on the technology of the future.
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Mobile Network Testing of 5G
NR FR1 and FR2 Networks:
Challenges and Solutions

Christoph Hausl, Julian Emmert, Manuel Mielke, Benjamin Mehlhorn and Corbett Rowell

Rohde & Schwarz, Munich, Germany

This article describes a mobile network testing approach for 5G new radio (NR) using a passive
scanner, which measures synchronization signal (SS)/physical broadcast channel (PBCH) blocks,
or SSBs, broadcast from 5G NR base stations. It starts with relevant background information
about 5G NR and mobile network testing, followed by a description of a typical measurement
methodology for the frequency ranges one (FR1) and two (FR2). Next, it addresses two typical
challenges: 1) finding carrier frequencies with SSBs and 2) network synchronization. A solution is

proposed for each.

G wireless radio access
technology, known as NR,
contains  more flexibility
to address different usage
scenarios.23 The 5G NR specifica-
tion allows optimization to reduce
the latency and to significantly in-
crease the data rate. These optimi-
zations require many new technol-
ogy components, including new
frequency bands, beamforming
support for synchronization and
broadcast and multi-connectivity
to enable the combination of 5G
network elements with LTE. 5G NR
supports operation in two frequen-
cy ranges: FR1 below 7,125 MHz*
and mmWave bands (FR2) between
24.25 and 52.6 GHz.5
Throughout the entire chain
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of laboratory testing, field trials,
network rollout, optimization and
benchmarking, measurement tools
for mobile network testing (MNT)
are required to characterize the con-
ditions of the wireless channel and
network coverage in the field.67 For
example, measurements of received
power enable verification of 5G NR
cell beamforming and its impact on
the coverage area. Measurements
of the channel impulse response re-
sult in deeper knowledge about the
propagation of wireless signals in
different environments, i.e., reflec-
tion, absorption and scattering in
urban versus rural areas. Measure-
ments of arrival times enable veri-
fication of network synchronization
aspects.8

5G and associated technolo-
gies such as beamforming and fre-
quencies above 3 GHz have raised
potential health concerns due to
the human exposure to the elec-
tromagnetic field of base stations.
Consequently, 5G base station de-
ployment requires that the electri-
cal field strength (V/m) is below the
specific threshold for each country.
Frequency selective measurement
methods of exposure to 5G base
stations have been described,? 10
emphasizing the need for code
selective measurement methods,
especially in networks with several
base stations and with data traffic.

A mobile network operator must
evaluate the quality of the network
to investigate network problems,

MWJOURNAL.COM m MARCH 2022



RLC has the exact solution
vou’re looking for.

RLC Electronics manufactures a complete range
of RF switches including coaxial in the frequency
range from DC to 65 GHz and rectangular or
double ridge waveguide. The operating modes on
all designs are failsafe, latching and manual.

B SPDT to SP12T
B Transfer

H Low VSWR

B High Isolation

Control options are DC voltages as low as 5V, TTL,
BCD, RS232, and RS422. All switches have
excellent repeatability and lifetimes in excess of
one million operations. Many types are QPL listed
per MIL-DTL-3928.

B Low Insertion Loss

B High Power

B Low Passive Intermodulation

B Surface Mount Options

For more detailed information on coaxial and waveguide switches, visit our web site.

RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549 ¢ Tel: 914.241.1334 ¢ Fax: 914.241.1753

E-mail: sales@rlcelectronics.com e www.rlcelectronics.com

RLC is your complete microwave component source...

= &

Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.



Ceramic
Gomponents

Tecdia is an industry leading
manufacturer of ceramic

electronic components for the
RF/Aerospace & Defense market
established since 1976.

Single Layer Capacitors

¢ 10x10 mils

¢ 0.1pF-10nF
Capacitance Range

¢ Class 1 NPO/COG
Dielectric Available

o Low ESR/High Q

* Epoxy & Solder
Compatible

¢ Customizable
Dimensions & Metal
Finish

Tecdia Inc.

Thin Film Resistors

s o

* 16x16 mils
¢ 100-1kQ

¢ 100mW Power
Handling

¢ Wire-bondable Gold
Finish

¢ Consistent Frequency
Response

¢ Epoxy & Solder
Compatible

o Customizable
Dimensions & Metal
Finish

Phone : 1-408-748-0100
Email : sales@tecdia.com
Location : 2255 S. Bascom Ave., Ste. 120,

Campbell, CA 95008, U.S.A.

Let's do this.

TEC
DIA

22

CoverFeature

unwanted inter-
ference or assess-
ment of new base
stations. While
it is possible to
evaluate the per
formance of the
network using a
mobile phone,
the disadvantage
is measurement
variation, as results
vary  depending !
on the chip set or
installed software. |-
Therefore, a refer-
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A Fig. 1 Transmission direction of seven SSBs of one cell

receive( Or sCanner  estimated by comparing the measured received power for all
IS reqwred, which SSBs during a drive test. The color of the route corresponds to
provides a com- the SSB with the strongest receive power.”

mon ground for
comparison.

With the use of non-standalone
(NSA) and dynamic spectrum
sharing, the 5G NR FR1 and cor
responding LTE channel must be
measured at the same time to en-
sure that both network links work as
expected. Detection and measure-
ment of these base station cells is
challenging because the measure-
ment must achieve a high sensitiv-
ity while avoiding false alarms that
result in detecting non-existing cells
(i.e., ghost codes).

Measurement of the carrier fre-
quencies of a mobile network en-
ables independent characteriza-
tion of the network and, together
with a wideband passive receiver,
enables benchmarking of different
networks—even networks that are
completely  unknown—removing
the influence of the mobile phone.
As this measurement approach is
completely passive, all public and
private networks, such as campus
networks, can be detected and
measured.

BACKGROUND

5G NR Synchronization Signal/
PBCH Blocks (SSBs)

5G NR technology uses orthogo-
nal frequency division multiplexing
(OFDM)? for downlink transmission.
A band dependent table4> defines
whether time division duplexing
(TDD) or frequency division duplex-
ing is used to divide the downlink

(DL) and uplink (UL). A 5G NR cell
broadcasts SSBs to enable cell
search and initial access. One SSB
is mapped to four OFDM symbols
and 240 subcarriers (SC).

The SSB consists of one PBCH
block, a primary and a secondary
synchronization signal (PSS and
SSS). There are different SC spac-
ings (SCS) defined: from 15 kHz for
Case A in FR1 to 240 kHz for Case E
in FR2.11 Therefore, the bandwidth
of one SSB is between 3.6 and 57.6
MHz. Correspondingly, the SSB du-
ration is between 285 and 18 ps,
enabling flexibility to use 5G NR in
different frequency ranges and use
cases.’

One cell transmits up to 64 SSBs
within @ 5 ms window (i.e., up to
four or eight SSBs for SCS of 15/30
kHz). Each of these SSBs has a spe-
cific index, which is encoded beside
the cell-specific physical cell identity
(PCI) into the SSB-signal. The start
time of a SSB within the 5 ms win-
dow depends on the index, as de-
fined by the 3GPP technical speci-
fication.’ The cells broadcast these
5 ms windows periodically, with the
default period 20 ms.

Typically, a cell uses beamform-
ing to transmit the SSBs in differ-
ent directions (i.e., beam sweeping)
and, consequently, the SSBs are
also referred to as beams. These
beams can be considered as micro
sectors that further split the macro
sector of the complete cell—typi-
cally 120-degree azimuth cover-
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age—into smaller angular portions.®
Figure 1 illustrates the main trans-
mission direction of seven SSBs of
one cell on a map. The use of beam-
forming for synchronization signals
and PBCH provides better overall
coverage. Note that the direction of
the beams can be two-dimensional
in the sense that each SSB transmits
into a specific azimuth and tilt angle.

Mobile Network Testing

Figure 1 also shows the route of
a drive test, a method often used
for MNT. The aim of the drive test
is to measure the reception quality
of the base station cells and their
SSBs to determine network quality
and coverage. The drive tests are
also used to find interference, ei-
ther from other cells or unlicensed
deployments. Variations of conven-
tional drive tests are walk tests, bike
tests and drone tests, the latter re-
quiring small passive receivers with
low power consumption because of
limited battery capacity.

MEASUREMENT SETUP

Sub-6 GHz Measurement Setup
Figure 2 shows the proposed

measurement setup with a passive

receiver or scanner, such as the R&S

receiver with no transmission capa-
bility. It can measure a baseband
signal with a bandwidth of 20 MHz
between 350 MHz and 6 GHz, the
frequency range controlled by the
measurement software on the lap-
top. The measurement software can
be based on R&S ViCom, an open
application programming interface,
which enables custom scanner ap-
plications. Alternatively, ready-to-
use software such as R&S Romes
can be used.

FR2 Measurement Setup

The carrier aggregation frame-
work in 5G NR allows complemen-
tary operation in FR2 with an FR1
carrier to ensure good coverage,’
requiring simultaneous SSB mea-
surements in FR1 and FR2. Figure
3 shows the measurement setup for
FR2. It requires a down-converter
which converts the mmWave signal
to an intermediate frequency be-
low 6 GHz, so a single scanner with
dedicated antennas can support si-
multaneous measurements in FR1
and FR2. One single scanner with
one down-converter supports SSB
measurements in FR2, and it is pos-
sible to connect several scanners

with one down-converter, extend-
ing the baseband bandwidth to 100

TSME6 mobile net-

work scanner. Fed &~ onss
by an external an- £, GNSS For

@ &5 Synchronization
tenna, the scanner (( )) & and Posmonmg
measures the wire- LTE/5G
less signal from NodeB GNSS
5G FR1 and LTE (( ))\ Antenna LAN ~R&S®ROMES4
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. 'l . diai - ReceiveAntenna * SINR
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tal baseband sig- (@) ""*ﬂ'rn’;: f:;,g%
nal of 1/Q symbols -
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demodula-
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for
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A Fig. 2 Setup for sub-6 GHz measurements of 5G NR FR1

presentation. The
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A Fig. 3 Setup with mmWave antenna and down-converter
simultaneous 5G NR FR2 and sub-6 GHz measurements.
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MHz; however, this is not necessary
for current applications.

HOW TO
ANALYZE THE 5G NR SSBS?

Accessing or measuring a 5G
NR carrier starts with discovering
the center frequencies of the SSBs.
In LTE, the PSS/SSS and PBCH sig-
nals are always transmitted around
the center frequency of the carrier
with fixed periodicity, making it pos-
sible to manually detect them in the
power spectral density measured
with a receiver. In 5G NR, however,
the transmission characteristics of
the SSBs are more flexible, creating
new challenges to configuring a 5G
NR receiver/scanner.

The most challenging problem
is the flexibility regarding the SSB
center frequency (SSRef). The 3GPP
standard defines a frequency raster
for the appearance of SSBs, 4> but
the raster is narrow with hundreds of
possibilities within a 5G NR carrier.
Further, a single SSB only appears
for a short time, so it is difficult to
detect the SSB with a traditional
swept-tuned spectrum analyzer; the
SSB periodicity is flexible with the
frame starting point and its corre-
sponding period: 5, 10, 20, 40, 80
or 160 ms.2

To avoid time consuming spec-
trum scans, wrong scanner configu-
ration or simply guessing the correct
SSB center frequency, the proposed
receiver/scanner solution is detect-
ing the SSRef using an algorithm
called Automatic Channel Detec-
tion (ACD). ACD can search quickly
through large frequency ranges,
where it runs an internal spectrum
scan and searches for SSBs.’3 ACD
delivers the correct SSRefs within
seconds, enabling the scanner to
analyze both in-band and out-of-
band, i.e., competitor networks
where the cellular network param-
eters are completely unknown.

The ACD algorithm first provides
a list of the SSB center frequencies;
then, the scanner starts the SSB
measurement algorithm (SSBmeas)
for these frequencies. ACD can run
in the background of the baseband
processing, continuously searching
for new SSB center frequencies. As
soon as the scanner receives the
signal of a base station cell strong
enough for ACD sensitivity during
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A Fig. 4 Measured arrival times and
channel impulse response of SSB indices
0 and 2 for two cells.

a measurement, the corresponding
SSRef will be scanned with the more
sensitive SSBmeas for the remain-
ing portion of the measurement.
The ACD algorithm expects a 3GPP
compliant 5G NR SSB transmitted
on frames with an increasing system
frame number. Internally, it uses the
3GPP band table to select the SSB
transmission case for the selected
frequency bands. This accelerates
the ACD algorithm and avoids
checking for unnecessary cases
(e.g., Case E for band n1).

From the SSB measurement,
many network features can be ob-
tained to assess network quality,
such as synchronization signal sig-
nal-to-interference-plus-noise ratio
(SS-SINR) and synchronization sig-
nal reference signal received power
(SS-RSRP).™4 It is also possible to
extract the cell identity (PCI), the
SSB index, the channel impulse re-
sponse and the arrival time for all
detected cells and beams. SSB de-
tection includes a decoding of the
PBCH, preventing ghost codes, as
the PBCH payload contains a cyclic
redundancy check for error detec-
tion.
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Figure 4 illustrates the measured
arrival times of peaks of the channel
impulse response for SSB-indices O
and 2 of two cells (PCI 75 and PCI
362) at SSRef 3,574.56 MHz (Case
C). The measurement is primarily
interested in the arrival time differ-
ence to the first measured peak
to measure the delay spread. The
measurement confirms the expecta-
tion!! that the SSB with index 2 is
transmitted 500 ps later than SSB
with index 0. From Figure 4, the dis-
tribution of the peaks indicates how
much reflection and scattering oc-
curred with higher delay spread for
index 0. The signal of the cell with
PCl 362 arrives approximately 2 ps
later than the one from the other
cell with PCI 75, which is mainly
caused by the larger cell-to-receiv-
er-distance for PCI 362.

: NETWORK
SYNCHRONIZATION
MEASUREMENTS

Ensuring base station synchro-
nization is a critical component for
successful network deployment.
If a base station is out of sync, the
handover of active connections will
fail, leading to dropped calls for the
user and a poor user experience.
For TDD, the synchronization re-
quirement is particularly crucial, as a
time offset can lead to an overlap of
uplink and downlink time slots, im-
pacting base station performance
and interfering with correctly syn-
chronized neighboring base sta-
tions (see Figure 5).

The allowed time alignment error
is specified by the 3GPP (Release 15,
Section 6.5.3). To ensure proper syn-
chronization, the cells receive their
reference time from the network or
via a connected GNSS receiver.®
Networks of different operators must
be synchronized to avoid interfer-
ence due to intermodulation prod-

ucts between networks on neigh-
boring frequencies. This enables all
operators to minimize interference.

Previously, these timing mea-
surements were performed with a
spectrum analyzer and special test
ports on the base station, requir-
ing cabled measurements. In 5G
NR, the common deployment of
remote radio heads and active an-
tenna systems without special test
ports makes conventional timing
measurements difficult and requires
over-the-air timing measurements.

To verify the time synchronization of
a network, the proposed scanner uses
two possible measurements of vary-
ing precision: 1) a time of arrival (ToA)
measurement of the received SSBs
and 2) a time alignment error (TAE)
measurement of the received SSBs.
The ToA measurement provides a
time stamp for the received SSB. This
provides a good indication whether a
certain base station cell is out of sync
compared to other base stations re-
ceived. The ToA measurement pro-
vides a precision of about 400 ns. To
achieve higher precision and fulfill the
coordinated universal time (UTC) sec-
ond synchronicity requirement, a TAE
measurement is used.

For the TAE measurement, line-
of-sight (LoS) to the cell is required
where the distance between mea-
surement antenna and cell antenna
is known—which can be measured
with a laser range finder—together
with good GPS reception or an ex-
ternal time base as the time refer-
ence. The receiver/scanner can cal-
culate the UTC transmission time
of every received SSB as well as
the frequency error of the cell (see
Figure 6). Measurement precision
is then dependent on the provided
reference of the integrated GNSS
receiver. Good GPS reception yields
a time accuracy below 30 ns. From
the known distance between mea-

B/\
=
~—
H
=

Cell 1

&

.3}*______
H
S

|
(ap) v

Cell 2

i
|

e

A Fig. 5 Interference between two cells.
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surement position and base station,
the transmit time can be calculated,
identifying timing issues rooted in
the setup of the base station. Ex-
perimentally, it has been verified
that the following conditions need
to be fulfilled to enable such a pre-
cise measurement:

e The signal from the measured
base station must have a SINR
above 15 dB

® The delay spread needs to be
below 17 ns, which is used as in-
dicator for LoS

* To obtain best performance with
a GNSS receiver, movement fast-
er than 30 kmph is recommend-
ed to remove reflections from the
received signals.

* Anhigh accuracy pulse per second
(PPS) signal must be available, ei-
ther from the GNSS receiver or
an external connection

* The PPS signal needs to provide
higher accuracy than the internal
time base

* The GNSS receiver must report a
valid UTC time synchronization.

CONCLUSION

This article demonstrated how to
use a passive scanner for measure-
ments in 5G NR networks, with spe-
cial attention to network synchro-
nization in both the FR1 and FR2
bands. Methods for the measure-
ment of network coverage, network
synchronization and channel im-
pulse response were proposed and
are straightforward to implement.
An approach for ACD to find the
relevant carrier frequencies for 5G
MNT in networks with an unknown
configuration was presented. Final-
ly, the proposed methods were ap-
plied for deployed 5G networks to
demonstrate effectiveness.
I
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CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1
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
CAOT-2111 0.4-05 28 0.6 MAX, 0.4 TY +10 M +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 12-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA23-3111 2.2-24 30 0.6 MAX,'0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 2.7-29 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 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  2.0:1
CA910-3110 9.0-10.6 5 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 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 dm  2.0:1
CA34-6116 3.1-35 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA1213-7110 12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
CA1415-7110 14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
CA1722-4110 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. Freq (GHz)  Gain (d8) MIN Nmse Flgure @)  Powerout@pid 3rd Order ICP VSWR
CA0102-3111 0.1-2.0 28 1. 1.2 TYP +10 MIN +20dBm  2.0:1
CA0T06-3111 0.1-6.0 28 1.9 Mux 1.5TYP +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
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1 ——
CA02-3112 0.5-2.0 36 45 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  2.0:1
(A26-4114 2.0-6.0 22 5.0 MAX. 3.5 TYP +30 MIN +40dBm  2.0:1 —
CA618-4112 6.0-18.0 25 5.0 MAX 3.5 TYP +23 MIN +33dBm  2.0:1 =
(A618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1 =
(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 +34dBm  2.0:1
LIMITING AMPLIFIERS
Model No. Freq 6tz  Input Dynamic Range Ourput Power Ru e Psat  Power Flatness dB  VSWR —
(LA24-4001 2.0-4.0 -28 10 +10 dBm +7 10 +1 + 2.0:1
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +1 8 dBm +/ 1.5 MAX 2.0:1
(LA712-5001 7.0-12.4  -21 1o +10 dBm +14 to +19 dBm +/-1.5 MAX 2.0:1 =
(LA618-1201  6.0-18.0  -50 fo +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freg (6Hz)  Gain (@8) MIN  Noise Figure (@)  Power-out@pid8 Gain Attenuation Range VSWR
CAOOT-25TTA  0.025-0.150 21 5E h +12 30 dB MIN 2.0:1
CA05-3110A 0.55.5 73 25 MAX, T.5TYP +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 25 MAX 15TYP +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25 MAX T.5TYP +12 MIN 15 dB MIN 1.9:1
CA13154110A 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, 20 TYP  +18 MIN 20 dB MIN 1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p18  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 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1 ;
CA002-3114 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  2.0:1
CA004-3112 0.014.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1 "
CIAO Wireless can easily modify any of its standard models to meet your "exact” requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering.

wireless
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Navy Unveils Next-Generation DDG(X)
Warship Concept

he U.S. Navy wants its next warship to fire

hypersonic missiles and lasers that would be

10x more powerful than the service’s existing
laser weapons, according to the most detailed outlook
to date of the DDG(X) next-generation warship issued
by the service.

The warship, the largest the Navy's attempted in
more than 20 years, is designed to provide the service
with the power to drive a new generation of directed
energy weapons and high-power sensors that will fol-
low the Navy's current fleet of Arleigh Burke-class guid-
ed missile destroyers. The warship is estimated to start
construction in 2028, the Navy told USNI News last year.

The Navy is developing the DDG(X) using the com-
bat system developed from the Flight lll Arleigh Burkes
that incorporated the new SPY-6 air search radar and
the Baseline 10 Aegis combat system.

The ship will trade the traditional gas-turbine propul-
sion system for one like the integrated power system
found on the Zumwalt class of guided missile destroy-
ers. On the three Zumwalt class DDGs, the ship’s gas
turbines drive a ship-wide electrical grid that generates
more than 75 megawatts of power—enough to light a
small town. The technology will be key for the DDG(X)
to generate the power for directed energy and new
sensors. Notionally, the new ship could power up to
600-kilowatt lasers that would be powerful enough to
interdict hostile guided missiles.

Initially, the ship would feature a 32-cell Mk-41 Verti-
cal Launch System forward of the superstructure that
could be swapped for 12 larger missile cells capable of
fielding the Pentagon’s emerging hypersonic weapons
being developed for the Navy, Army and the Air Force.

The Navy is also calling for a ship that can travel 50
percent farther and spend 120 percent longer time on
station. The plan also calls for a 25 percent reduction in
fuel usage compared to the DDG-51 and reduced re-
quirement for the Navy combat logistics fleet. DDG(X)
aims to have improved seakeeping and improved Arctic
operations. Arleigh Burke destroyers were designed to
operate primarily in the tropics.

The program office is working with the defense indus-
try to refine the basic design after creating a draft Capa-
bility Develop-
ment Document
that will hone the
operational  re-
quirements. Part
of that work will
be done by the
shipbuilding in-
dustrial base.

DDG(X) (Source: U.S. Navy PEO Ships)

For More
Information
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Light on Chip to Drive Next-Generation RF
Platforms

n the last decade, major advances in RF oscil-
lator performance have been realized using
optical techniques to synthesize high fidelity
microwave signals (i.e., frequencies from 1 to 100 GHz).
Such RF oscillators typically employ optical frequency
division to achieve low phase noise that can reach re-
cord-setting levels. Current solutions sacrifice other im-
portant attributes, however, in pursuit of spectral purity.
Such tradeoffs are problematic because module size,
cost, tunability and environmental sensitivity are also
critical factors that determine the applicability of micro-
wave sources to commercial and military systems.

The Generating RF with Photonic Oscillators for
Low Noise (GRYPHON) program seeks to defy today’s
tradeoffs by leveraging recent advancements in the
miniaturization, integration and volume production of
precision optical components through lithographic mi-
croelectronic fabrication. “Nonlinear integrated pho-
tonics provides a path to achieve incredible oscillator
performance while reducing system size by orders of
magnitude,” said Dr. Gordon Keeler, program manager
in DARPA's Microsystem Technologies Office. “Beyond
the cost and size advantages, integrated optical ap-
proaches could allow tuning over multiple frequency
bands and environmental robustness. There is potential
for very broad impact if our teams are successful.”

The first technical area the GRYPHON program will
pursue is to develop low noise, compact and frequency-
agile prototypes with outputs spanning 1 to 40 GHz. The
prototype target performance metrics are geared toward
rapid adoption by military and commercial entities alike.
Program success will also hinge on proving robustness
to environmental effects and demonstrating a roadmap
to high volume, low-cost domestic manufacturing. The
research teams selected include: Honeywell, Nexus Pho-
tonics, BAE Systems, Caltech and hQphotonics.

GRYPHON's second technical area encourages per-
formers to pursue advanced techniques that offer even
lower phase noise or ultra-wide tunability to inform future
oscillator architectures. Teams from Columbia University
and University of Virginia have been selected to push the
boundaries in materials and system integration to this end.

Hypersonic Weapons Meet Speed-of-Light
Defenses

hey are two of the biggest threats to U.S.
and allied military power, and they could
hardly be more different. One is the hyper-
sonic missile, which travels at more than 5x the speed
of sound and can strike targets at great distances. The

Visit mwjournal.com for more defense news.
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other is the UAV, or unmanned aerial vehicle—particu-
larly off-the-shelf drones modified into cheap weapons
that are prohibitively expensive to defeat. Different as
those threats are, there's one single emerging technol-
ogy—the high-power microwave (HPM)—that could
play a huge role in defending against both.

HPM systems, which use highly concentrated radio
energy to damage their targets’ electronics, are among
the options that Raytheon Missiles & Defense is part-
nering with the U.S. Department of Defense to explore
as part of a layered approach to air defense.

“Our adversaries are coming up with increasingly
sophisticated and innovative ways to attack us,” said
Colin Whelan, vice president of Advanced Technology
for Raytheon Missiles & Defense. “We need lower cost
solutions to counter them.”

The business is building a set of technologies that fall
into three categories: small-scale systems for short-range
air defense, larger systems for longer-range air defense and
small airborne HPM payloads for maneuverable platforms
like UAVs.

The advantage of HPMs and other directed energy
weapons is that, once they're built, they’re inexpensive
to fire—and their ammunition is limited only by the
availability of power. That makes them well-suited to
take on drones that attack by the dozen.

“This technology makes it possible to knock out a

Meet Orolia at
#SATELLITE
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whole  swarm
of electronic
threats in a sin-
gle shot,” Whel-
an said.

Just as HPMs
use concentrat-
ed radio energy,
lasers  project
beams of light
particles on to
their targets. But
while lasers burn
into their targets, HPMs attack their electronics.

HPMs have an important edge over hypersonic
weapons—they’re much faster. While hypersonic weap-
ons travel more than 5x the speed of sound—343 m/s
or higher—HPMs travel at the speed of light—300 mil-
lion m/s.

The innovation doesn't stop there. Advanced Tech-
nology is using digital engineering methods such as
modeling and simulation to prove to the greatest de-
gree possible that high-power microwave technologies
work before costly prototyping. The modeling platforms
allow the business to demonstrate the directed energy’s
effect on target is both predictable and measurable, of-
fering the best defense for a mission.

HPM (Source: Raytheon Missiles and
Defense)

- March 21-24, 2022
Washington DC
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GSMA Sets Out 5G Roadmaps for Middle
East & North Africa

he GSMA published an analysis showing

how robust 5G growth in the Middle East

and North Africa has followed ambitious
5G spectrum assignments. As governments world-
wide strive toward realizing industry targets of 2 GHz
of mid-band spectrum for 5G, the GSMA report details
how the strong development of 5G in the Gulf has de-
livered some of the fastest 5G services in the world.

The GSMA's “Roadmaps for awarding 5G spec-
trum in the MENA region” provides a guide for 5G
development in other countries in the Middle East and
North Africa. It outlines the steps their governments
and regulators should take to enable the most efficient
and effective availability of spectrum.

The Gulf region was one of the first to assign key
mid-band spectrum for 5G, and three regional gi-
ants—Etisalat, STC and Ooredoo—competed to be
the first 5G operator in 2018. Since then, spectrum as-
signment has supported growth opportunities in the
Gulf region. Today, mobile operators in the Kingdom
of Saudi Arabia and UAE have access to more than 1
GHz of licensed spectrum to provide mobile broad-
band services in the low- and mid-bands. Alongside
other Gulf markets, this places them among the lead-
ing 5G countries in Europe, the Americas and Asia Pa-
cific.

In a roadmap focused on Tunisia, the report shares
a forecast of a significant increase in 4G connections
to 2025 with the expectation that 5G will be deployed
in 2023. However, to meet that target, it will be es-
sential to award the spectrum in the first half of 2022.

As the report notes, the operators in Algeria, Egypt,
Morocco and Turkey have been undertaking testing
and trials of 5G. In Lebanon, at least one operator has
been planning their 5G network. In Egypt, the authori-
ties are developing the legal framework for award-
ing 5G spectrum. Jordan'’s authorities are developing
plans for 5G as well as identifying frequency bands.

The GSMA forecasts that all these countries will
have commercial 5G services between 2022 and
2024. However, the report explains that widespread
5G adoption will take time. 4G will have a crucial
role coexisting alongside 5G well into the 2030s. In
some countries such as Palestine and Irag, the report
recommends that the focus should be on identifying
and awarding 4G spectrum. 4G services were only
launched in Iraq in 2020, while in Palestine there have
been no awards for 4G spectrum. Therefore, it is pre-
mature to consider the requirements for 5G in these
countries and more appropriate to roll out 4G and
potentially stimulate the market for services not sup-
ported by 2G and 3G technologies.

For More
Information
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Wi-Fi 6E Trial in Turkey Hailed a Success
by Tiirk Telekom

ireless Broadband Alliance (WBA) member,
Turk Telekom, recently announced the suc-
cessful completion of Wi-Fi 6E trials de-
signed to demonstrate how the technology can be
used to enhance speed and capacity in a variety of dif-
ferent end-user scenarios. Wi-Fi is vital to the success
of Turk Telekom, which has the largest Wi-Fi footprint
in the region spanning residential, enterprise and pub-
lic space applications.

The trial, carried out in partnership with Broadcom
and Intel under the auspices of the WBA trials program,
clearly demonstrated Wi-Fi 6E real-world performance
benefits for consumers, enterprises and municipalities.
Such benefits include high bandwidth and low latency
wireless applications in on-premise environments. The
greenfield 6 GHz spectrum coupled with Wi-Fi é (Wi-
Fi 6E) is a natural match with high speed fiber to the
premises and accelerates deployment of 5G services.
Regardless of the broadband service type to the prem-
ises, Wi-Fi 6E offers the opportunity to connect all end-
points at high speeds for a richer ecosystem and more
opportunities for monetization of the 5G services.

The trial consisted of a series of scenarios with dif-
ferent tests in both a closed lab environment and over
a live internet network to fully understand the poten-
tial of Wi-Fi 6 technology in the 6 GHz spectrum (Wi-Fi
6E). The tests were orchestrated using a router con-
figured with Broadcom’s Wi-Fi 6E evaluation platform,
to which various clients were connected using Intel’s
AX210 160 MHz Wi-Fi 6E card to make the whole
spectrum available and get the best out of the tech-
nology.

The trial made it clear that by opening the full 6
GHz spectrum, it is possible to future proof Turkey’s
wireless broadband capabilities in the short term with
Wi-Fi 6E, and lay the groundwork for Wi-Fi 7 so that
its citizens can use the digitally immersive services that
will drive advancements in education, manufacturing,
entertainment and more.

Turk Telekom CTO Yusuf Kirag said, “As the first
operator to trial the Wi-Fi 6E solution in Turkey, we
were able to achieve a connection speed of 2 Gbps
and above with low latency in the tests we conducted
in the test laboratory established at Tirk Telekom's
Istanbul Acibadem campus. These speeds we have
achieved will enable many applications with the con-
cept of smart office, health, entertainment, security
and smart home to be used without any problems.
Thanks to the Wi-Fi 6E solution, which we will combine
with Tirk Telekom'’s widespread and high capacity fi-
ber power, we will ensure the widespread use of low
latency high capacity services in homes and offices.”

Visit mwjournal.com for more commercial market news.
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RF SAMPO Project Strengthens Finland’s
Competitiveness in Radio Technologies

consortium of major industrial and academic

stakeholders led by Nokia and coordinated

by the University of Oulu will start a massive
project aiming to speed up the development of RF
and antenna technologies and accelerate the transition
from 5G to 6G. Through technological development,
the project contributes to the creation of new jobs and
new business opportunities.

RF Sampo is the lead ecosystem project for the
theme Optimized Antenna Technology under Nokia
Veturi program. Partners of this industrial co-creation
project funded by Business Finland include at the mo-
ment nine companies and three research organizations:
Nokia, Flex, Bittium, Optenni, Keysight Technologies,
SAAB, Senfit, Okmetic, ExcellAnt, University of Oulu,
Aalto University and VTT. Overall budget is 14 million
euros.

In the 5G value chain, RF technology addresses in-
frastructure and devices and facilitates 5G ecosystem
cycle growth. Radio technologies provide the access to
the frequency spectrum which is the most valuable re-
source for wireless business. That access needs to be as
efficient as possible in terms of resource and energy use
but also to be commercially competitive and to support
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the rapid pace of new
product introduction.

The growth poten-
tial for RF technology
companies arises from
increasing need for wire-
less devices and from in-
novations linked to new
disruptive technologies.
New frequency bands
(mmWave and Tera-Hz
frequencies), massive
MIMO and antenna array technologies and applying Al/
machine learning have been identified as example of
new disruptive technologies. In addition, new business
opportunities arise from the fact that radio networks are
sold directly to enterprise customers for example in the
industrial segment. Industrial 5G is one of the fastest-
growing markets in wireless communications.

The RF SAMPO project will enhance future radio
platform design by introducing a modeling concept
supporting the design of complex wireless solutions.
The project will investigate new RF solutions for 5G and
6G including antenna structures, integrated circuits, RF
related architectures and algorithms. The RF Sampo
project develops new competences, which help the
project partners to realize the business potential in vari-
ous 5G application areas.
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.. Barbara Walsh, Multimedia Staff Editor

COLLABORATIONS

Kymeta and Kratos Defense & Security Solutions Inc
announced a strategic partnership to jointly develop
products and solutions that will enable modern, virtual-
ized ground systems to better leverage the capabilities
of next-generation mobile satellite antennas. Among
the broader goals of the partnership are to advance the
ability of ground systems to support, leverage, manage
and control electronically-steered and multi-purpose
antennas to better support the capabilities of software-
defined and multi-beam satellites. This effort will ini-
tially focus on joint development of a software-defined
remote terminal that will support a variety of dynamic
satellite connectivity applications, including support for
multi-orbit use cases where connectivity to LEO, MEO
and GEO satellites through the same antenna are desir-
able.

In 2020, the University of Texas at Austin (UT Austin)
published ground-breaking research results on a new
RF switch technology based on hexagonal boron nitrite
(hBN). The technology is energy efficient and allows
higher bandwidths and speeds, making it ideal for 5G.
In a recent follow-up project, Rohde & Schwarz and
FormFactor have supported the academic institution
in further research. Now, the RF switch technology was
characterized at sub-THz frequency ranges, in particular
at the D-Band (110 to 170 GHz), used for applications
beyond 5G and future 6G.

CAES and Lattice Semiconductor Corp., a low-power
programmable FPGA leader, announced an agreement
whereby CAES will qualify and sell radiation-tolerant
Lattice FPGAs for space and satellite applications. The
collaboration will allow CAES to provide next-gener-
ation on-orbit reconfigurable processing systems for
future satellite constellations. The Certus™-NX-RT and
CertusPro™-NX-RT FPGAs are built on the award-win-
ning Lattice Nexus™ platform delivering class-leading
small form factor, system bandwidth and power effi-
ciency—consuming up to 4x less power in comparison
with similar devices. The 28 nm devices feature temper-
ature-resistant tin-lead terminations using a radiation-
tolerant, fully-depleted SOI manufacturing process.

Essence Group announced that it has joined the Qual-
comm® Smart Cities Accelerator Program from Qual-
comm Technologies Inc., providing its suite of its secu-
rity and safety products to help protect workers, build-
ings and assets. As part of the Qualcomm® Advantage
Network, the Qualcomm Smart Cities Accelerator Pro-
gram is designed to connect cities, municipalities, gov-
ernment agencies and enterprises with an ecosystem
of providers to help deliver greater efficiencies, safety,
cost savings and sustainability.

For More
Information
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II-VI Incorporated and Element Six announced a stra-
tegic collaboration that will expand II-VI's diamond plat-
form, accelerating the development of new disruptive
applications by licensing Element Six's single-crystal
diamond technology. In a world where size, weight
and power consumption are strategic value drivers, the
unique characteristics of diamond materials offer break-
through solutions for designers of future generations of
products. Applications of advanced power and RF elec-
tronics, including for 6G wireless components, as well
as other emerging applications in life sciences, sensing,
thermal management and quantum computing, are ex-
pected to drive the adoption of single-crystal diamond,
a material extremely challenging to manufacture but
well known for its outstanding optical, mechanical, ther-
mal and electrical properties.

Nokia and Nordic Semiconductor announced a pio-
neering new approach to licensing the use of cellular
loT Standard Essential Patents. Companies purchas-
ing loT hardware from Nordic will now be allowed to
acquire licenses to Nokia's industry-leading portfolio
of cellular patents. This new agreement, which is the
first of its kind, will simplify and speed up the Standard
Essential Patent licensing process and provide greater
transparency and predictability to companies deliver-
ing loT products and services. Licenses will be available
at the end device level and companies will continue to
have the option to license directly with Nokia.

ACHIEVEMENTS

Energous Corp., a developer of RF-based charging for
wireless power networks, has announced that its 1 W
WattUp PowerBridge transmitter has received regulato-
ry approval from the Innovation, Science and Economic
Development Canada (ISED), the country’s technology
regulatory bodly, for RF-based power transfer at any dis-
tance. The approval in Canada follows similar recent 1
W WattUp PowerBridge approvals in the U.S., Europe
and India and expands Energous’ reach of its growing
global ecosystem of wireless power transfer technology
ideal for loT deployments in markets such as retail, in-
dustrial and medical. Market analyst firm Statista fore-
casts the number of loT devices to grow from approxi-
mately 9 billion this year to well over 25 billion by 2030.

MACOM Technology Solutions, a supplier of semi-
conductor solutions, announced that four of its manu-
facturing sites have achieved AS9100D certification.
AS9100D is the internationally recognized quality man-
agement system (QMS) standard for aviation, space
and defense organizations. MACOM'’s North Carolina,
New Hampshire, Michigan and Massachusetts facili-
ties achieved the AS9100D Aerospace certification.
AS9100D builds on ISO 9001, adding industry-specific
guidelines for the safe development and production of
aerospace products.

Electronic Products Inc. has announced that the entire
company has been granted ISO 9001:2015 certification

For up-to-date news briefs, visit mwjournal.com
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RIGR POWER COUPLERS

Frequency Coupling Coupling Mainline Loss Directivity Input Power
(dB) [Nom] Flatness (dB)  (dB) [Typ./Max.] (dB) [Typ./Min.]  (Watts) [Avg.]
SDCHP-125 10 - 250 18.5-1 0.5 01-04 24 - 19 30
SDCHP-140 10 - 400 18.75-1 1 0.5-0.85 27 - 22 25
KDK-HP-255 20 - 550 20-0.6 0.4 0.25-0.35 23-20 275
SDCHP-255 20 - 550 20-0.6 0.4 0.25-0.35 23-20 275
SDCHP-335 30 - 350 201-0.7 0.85 0.24-0.32 24 -20 75
SDCHP-484 40 - 840 19.2-0.8 0.9 0.3-0.4 24 - 20 30
SCCHP-560 50 - 560 146-0.7 0.7 0.48-0.65 23-20 75
SBCHP-2082 200 - 820 11-0.46 0.5 0.74-0.9 22-19 22.5
KDS-30-30-3 27 -512 275-0.8 0.75 -- 23-15 50
KDS-30-30 30- 512 275-0.8 0.75 -- 23-15 50
KBK-10-225 225-400 11-1 0.5 0.6-0.7 25-18 50
KBS-10-225 225-400 10.5-1 0.5 0.6-07 25-18 50
KDK-20-225 225-400 20-1 0.5 0.2-04 25-18 50
KDS-20-225 225 - 400 20-1.0 0.5 0.2-04 25-18 50
KEK-706H 500 - 2500 315-2 2.5 = == 100
SCS-8012D 800 - 1200 20-1 0.6 = 22-18 100
KEK-704DH-2 850 - 1250 30-15 0.25 = == 500
KEK-704H 850 - 960 30-0.75 0.25 -- -- 500
SCS100800-10 1000 - 8000 10.5-1.5 2 1.2-138 8-5 25
SCS100800-16 1000 - 7800 16.8-1.5 2.8 0.7-1 14-5 25
SCS100800-20 1000 - 7800 20.5-2.0 2 0.4-0.75 12-5 25
SCS-1522B 1500 - 2200 10-1.0 -- -- 23-18 100
SCS-1522D 1500 - 2200 20-1 == = 23-20 100
SCS1701650-16 1500 - 15500 17-1.5 2.5 1-14 16-5 25
SCS1701650-20 1700 - 15000 21-15 2.5 -- 10-7 25
SDC360440-10 3600 - 4400 8.6-0.5 0.25 -- 18- 10 10
SDC360440-20 3600 - 4400 19-0.5 0.25 = 16-10 10

Talk To Us About Your Custom Requirements
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as designated by TUV SUD America, Inc. After receiving
certification for its Ceramics Division in 2018, the com-
pany has received this designation across its complete
product line of RF/microwave, power semiconductor
and optical packaging solutions, as well their custom
multi-layer ceramic package development and manu-
facturing services. Electronic Products, Inc. was granted
this up-to-date certification as a result of achieving out-
standing implementation of a QMS throughout their
entire facility in Newburyport, Mass.

Iridium recently awarded Collins Aerospace an Iridium
Certus Developmental Over-the-Air License for Col-
lins’ new active low gain antenna (ALGA) and a high
gain antenna (HGA). The license is the latest milestone
in Collins” development of its new higher bandwidth
Iridium Certus® airborne satcom solution—expected
to be available in 2022. Collins is the first Iridium Cer-
tus Aviation Partner to have been awarded this license
for both an ALGA and an HGA-based solution. Iridium
awarded the licenses after Collins completed multiple
tests in 2020 and 2021 where its ALGA and HGA suc-
cessfully connected and transmitted data to an orbiting
lridium® satellite.

CRFS, a leader in RF spectrum monitoring and geolo-
cation solutions, has been awarded Joint Supply Chain
Accreditation Register (JOSCAR) accreditation, which

gives aerospace and defense organizations confidence
and assurance that CRFS meets stringent business cri-
teria. JOSCAR is a collaborative tool used by the aero-
space, defense and security industry to act as a single
repository for pre-qualification and compliance infor-
mation. Using JOSCAR can determine if a supplier is
“fit for business.” The accreditation process accessed
CRFS on a range of criteria including financial and legal,
anti-bribery and corruption, health and safety, environ-
mental and sustainability, physical and IT security and

quality.

Leader in inspection, verification, testing and certifica-
tion, SGS has selected wireless connectivity testing spe-
cialist, MVG, to supply the first automotive over-the-air
(OTA) test equipment compliant with the Vehicular An-
tenna Test Methodology (VATM) Standard for its service
offering of automotive testing in the APAC region. SGS
has purchased an MVG SG 3000, multi-probe antenna
measurement and OTA test system for full-scale vehicle
testing. This test system will be the first to support 5G
FR1 SA and NSA and C-V2X OTA measurements for
automobiles in compliance with the 5GAA VATM Stan-
dard, as well as the emerging UWB technology.

CONTRACTS

The U.S. Marine Corps has awarded L3Harris Tech-
nologies a competitive ten-year, $750 million single-
award indefinite delivery, indefinite quantity (IDIQ)
contract for multi-channel handheld and vehicular radio
systems. The L3Harris Falcon IV® family of manpack

Clear the air for 5G

S5GPro Spectrum Analyzer

RF spectrum analysis made
simpler, faster, better
Revolutionary FR1 (sub-6 GHz)

and FR2 (mmWave) testing

modules deliver optimal
scalability on a single platform

Part of the FTB 5GPro test kit:
a suite of 4G/5G test capabilities
in a single, compact solution

Find out more, visit

EXFO.com/5GProSpectrumAnalyzer
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and handheld radios selected by the USMC have been
broadly adopted by the U.S. Army, U.S. Special Opera-
tions Command, U.S. Air Force and a growing number
of key allies to provide secure, resilient and interoper-
able communications capabilities. The AN/PRC-163 is
the most advanced hand radio available in the world
today. They provide a wide range of secure communi-
cations waveforms—while simultaneously integrating
voice and data communications, network routing and
gateway functions.

AECOM announced that its joint venture with Michael
Baker International has been awarded an IDIQ con-
tract to provide architecture and engineering services
in support of environmental compliance programs with
the U.S. Naval Facilities Engineering Systems Com-
mand (NAVFAC). Under the five-year contract with a
$75 million ceiling, the BakerrAECOM Environmental
Compliance joint venture will deliver comprehensive
services, such as studies, plans, specifications, designs,
reports and cost estimates, for the Navy, Marine Corps
and DoD installations as well as federal agencies.

Mercury Systems Inc. announced it was awarded a $17
million contract to provide crucial RF microelectronics
supporting missile capabilities of the U.S. and its allies
in ensuring 21st century air dominance. These multi-
channel digital RF assemblies will help provide real-time

N

American Microwave
Corporation
1S0-9001 Certified
American Microwave Corporation has
heen a leading force in the RF field since
the 1970s. AMC offers a wide variety of
Switches, Attenuators, Power Dividers,
DLVA's and Integrated Assemblies up

LEADERS IN THE RF INDUSTRY COMING
TOGETHER TO PROVIDE YOU WITH A
VARIETY OF EXCEPTIONAL PRODUCT LINES!

LuFF Research

signals intelligence data, speeding information to the
warfighter. The award was received in the company’s
fiscal 2022 first quarter and is expected to be shipped
over the next several quarters. Mercury leverages more
than 40 years of microelectronic manufacturing invest-
ments to support their customers from prototype to full-
rate production, including automated manufacture and
test, in-line quality assurance and on-site engineering
support.

BAE Systems has been awarded a $14 million con-
tract from the Intelligence Advanced Research Proj-
ects Activity (IARPA) to develop tools to decipher an
ever-growing number of RF signals in order to quickly
and accurately help secure mission-critical information.
BAE Systems will advance ML and Al technology and
techniques to identify signals in the RF spectrum un-
der the terms of the contract, which is part of the Se-
curing Compartmented Information with Smart Radio
Systems (SCISRS) program. The technology will provide
enhanced situational awareness, help to target threats
and secure communications against malicious attacks.

Air Industries Group, an integrated Tier 1 manufac-
turer of precision assemblies and components for mis-
sion-critical aerospace and defense applications and a
prime contractor to the U.S. DoD, announced that its
Long Island-based subsidiary, Air Industries Machining
Corp., has been awarded a long-term agreement (LTA)
to manufacture flight-critical products for the Blackhawk
helicopter. The estimated value of the LTA is $2.4 mil-
lion.
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communication
between sensors

Developing the 5G mobile network may not be the only step

to a fully functioning Internet of Things, but it is an important
one — and it comes with substantial performance requirements.
Simulation ensures optimized designs of 5G-compatible
technology, like this phased array antenna.
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Sypris Electronics announced that it has recently en-
tered into a multi-year follow-on contract with a U.S.
DoD prime contractor to produce and test electronic
power supply modules for a large, mission-critical U.S.
Navy program. The contract calls for a significant in-
crease in production volume from existing levels begin-
ning in 2022. Terms of the contract were not disclosed.

PEOPLE

Isotropic Systems, provider of trans-

formational next-generation multi-link

satellite terminals, announced that

Rash Sahota has been appointed as

general manager and chief operating

officer. Sahota will be responsible for

‘ ‘ ensuring the company delivers its vi-

- sion and strategy, while managing

A Rash sahota costs and driving revenue growth. Sa-

hota brings over 30 years of experi-

ence in technology and telecoms, with senior leader-
ship positions at Cirrus Logic, Motorola and Ericsson.

Stellant Systems Inc. announced that Lieutenant Gen-
eral John F. Thompson, U.S. Air Force (Ret.) and Major
General James O. Poss, U.S. Air Force (Ret.) have been
added to the Board of Directors. Lt. Gen. John F

DVANCED GaN on SiC AMPLIFIERS

Thompson most recently was the
Commander at the Space and Missile
Systems Center, Los Angeles Air
Force Base, Calif. As the Department
of the Air Force Program Executive
Officer for Space, Previously, Lt. Gen.
Thompson was Commander, Air

Lienrenane Orce Life Cycle Management Center,
General John . Wright-Patterson AFB, Ohio. Major

Thompson General James O. Poss previously
served as the Director of Intelligence
at both Headquarter U.S. Air Forces
in Europe and Air Combat Com-
mand. His final assignment was As-
sistant Deputy Chief of Staff for In-
telligence, Surveillance and Recon-
naissance, Headquarters U.S. Air

A Major General Force.
James O. Poss

REP APPOINTMENT

RFMW has announced a global distribution agreement
with Menlo Microsystems, known for reinventing the
electronic switch with its Ideal Switch™ technology.
Under the agreement, RFMW becomes a franchised
distributor for worldwide marketing and sales of Men-
lo Micro products derived from their Ideal Switch™
technology, including RF and general-purpose switch-
es, RF subsystems and power relays.
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UNMATCHED DYNAMIC RANGE.
UNMATCHED PERFORMANCE.

VDI's Mini VNAX modules are one-quarter the volume of
standard modules making them well suited for probe station
and antenna measurement applications.

BRIDGING THE

THz GAP
JUST GOT SMALLER.

VDl's VNA Extenders provide high perfor-
mance frequency extension of vector net-
work analyzers from 26GHz to 1,5THz. These
madules combine high test port power with
exceptional dynamic range and unmatched
stability.

VDI's mini-modules are reduced in size, but
yield the same industry leading performance
as our original designs. The compact form
factor and simplified power supply make them
the recommended solution for most applica-
tions.

Mini-modules are currently available in stan-
dard waveguide bands for 26GHz to 1.1THz
with higher frequency bands under develop-
ment.

Waveguide Band WRz28 WR1S WRIS WRI2 WRIO WR8 WRE.S  WRS.1 WR43 WRIA WR2ZE WR22 WRIS5 WRLO
{GHz) 26-40 40-60 5075 6080 75110 90140 110-170 140220 170-260 220-330 260-400 330-500 500-750 750-1,100
Dynamic Range

(EW=10Hz, dB, typ) 120 120 120 120 120 120 120 120 115 115 100 110 100 95
(EW=10Hz, dB, min} 110 105 110 110 110 110 110 110 110 105 B0 100 BI 75
Magnitude Stability

[+dB) 0.15 015 0.10 0.10 010 015 025 D25 03 03 ns 0.5 0.4 0.5
Phase Stabiiity

(+deq) il & 15 15 15 2 4 4 4 B B B 4 B
Test Port Power

(oBm) 13 13 13 18 18 16 E i B 4 1 -10 3 =16 -23

Virginia Diodes, Inc.

979 2nd 5t. SE, Suite 309
Charlottesville, VA 22902
434.297.3257

vadiodes.com
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B

Key Sensor Capabilities for
Precision Timing in 5G TDD
Networks

Wireless Telecom Group

Time-division duplex (TDD) schemes enable 5G wireless systems to deliver next-generation
performance. This article explores the essential capabilities for test instrumentation to
characterize the performance of high speed switches in 5G TDD networks.

48

DD is a type of duplex communi-
cation where uplink and downlink
transmissions share a single fre-
quency band, organized by rapidly
interchanging time slots. For comparison,
an alternate duplexing scheme known as
frequency-division duplex (FDD) uses two
separate channels for uplink and downlink
transmissions. A sufficient frequency gap be-
tween the two is required to avoid interfer-
ence between the transmitter and receiver.
While FDD is widely used, it demands
more spectrum than TDD, contains a por-
tion of unusable spectrum for adequate
channel separation and must abide by pre-
determined allocations of uplink/downlink
network resources. Due to these factors,
TDD is becoming a more favorable option
for 5G network applications, especially at
high mmWave frequencies. TDD brings ef-

ficiency to spectrum management and can
accommodate asymmetric traffic, enabling
dynamic bandwidth allocation of high-band
frequencies in dense 5G network deploy-
ments.

Successful TDD implementation requires
superior synchronization and fast, efficient
and precise switching components—typically
operating in the microsecond or nanosecond
range—to avoid latency and timing overlap.
These timing requirements become more strin-
gent as applications move up in frequency.

SWITCHING SPEED AT HIGH
FREQUENCIES

In 5G TDD systems, each frame has a
fixed 10 ms duration and is divided into sub-
frames with fixed 1 ms durations. Subdivid-
ing even further, each subframe is broken
into different slots that contain a cyclic prefix

MWJOURNAL.COM ® MARCH 2022



Portable Handheld Field Solutions

Expand your choice signal analysis$etup
Direct-Connect or Remote Connect

F -

Direct-Conn

[ 4

$ - e
= fandard 1/4-20
J=== = : _? ', X eaded Camera
Ll 4 | I | I I + ! $ 1 e 01e for

Connect

O, 2 2 B

Innovation in Millimeter Wave Solutions
www.omlinc.com
(408) 779-2698



50

PASTERNACK®

an INFINIT@ brand

and cable assembli

support 5G innovation, testing,

and deployments

USA & Canada
International
pasternack.com

+1 (866) 727-8376
+1 (949) 261-1920

ApplicationNote

5G TDD Radio Frame

10 ms

*ITms 1ms 1ms

Subf(;ame Subframe Subfzrame Subf:;ame Subframe Subframe Subframe Subframe Subfsrame Subfqrame
1

Subframe 0 | i 1msperSlot  TTTTTeeeeeel
15 kHz Subcarrier
Spacng
1 Slot per Subframe
Subframe 0 0.25 ms per Slot
60 kHz Subcarrier

Spacing

Slot 0 Slot 1 Slot 2 Slot 3
PR P | sioto | siot [ sler 2] sieal

Subframe 0
240 kHz Subcarrier
Spacing

0.0625 ms per Slot

16 Slots per Subframe Enllnaalaallml
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Tms Tms 1ms 1ms!

Tms 1Tms

A Fig. 1 10 ms 5G TDD radio frame showing 1 ms subframes and subframe 0 slot
configurations at 15, 60 and 240 kHz subcarrier spacing.

and several orthogonal frequency-
division multiplexing (OFDM) sym-
bols. Classifications of TDD OFDM
symbols include uplink, downlink
and flexible symbols that can be as-
signed as either uplink or downlink.
Special guard periods are used to
prevent interference. Guard periods
need a sufficient duration to accom-
modate receiving the downlink data
and switching to the new uplink as-
signment.

Slot duration and the number
of slots per frame are variable.
Typically, when operating at higher
mmWave frequencies, the sub-
carrier spacing widens as the slot
length shortens. To illustrate this,
Figure 1 shows a 15 kHz subframe
containing just one slot that takes
up the full 1 ms allotment. Moving
up to a 60 kHz subcarrier spacing
reduces each slot's time to 0.25
ms, and even further to 0.0625 ms
with a 240 kHz subcarrier spacing.
For reference, FR1 frequencies use
15, 30 and 60 kHz subcarrier spac-
ings, while higher FR2 frequencies
use 60, 120 and 240 kHz subcarrier
spacings. Consequently, shorten-
ing the slot length also compresses
OFDM symbol length, which can
dip into the sub-microsecond time
range.

With  uplink/downlink  hando-
ver occurring at the symbol level,
components tasked with switching
between rapidly interchanging up-
link and downlink assignments must
operate at the proper speeds, espe-
cially in high frequency applications.

Switching speed is defined by

the elapsed time interval between a
switch's on/off state or off/on state,
and key parameters for defining
switching speed are rise time and
fall time. As defined by IEEE, rise
time is the time it takes a signal to
change from 10 to 90 percent of the
signal magnitude, i.e., the time in-
terval from the first crossing of the
proximal line to the first crossing of
the distal line. Similarly, fall time is
the time it takes a signal to change
from about 90 to 10 percent of the
signal magnitude, i.e., the time in-
terval from the last crossing of the
distal line to the last crossing of the
proximal line.

Since rise time is a key metric in
quantifying switching speed, TDD
switches require test equipment
with exceptional rise time capa-
bilities for proper analysis. Diode-
based peak power sensors use
low-impedance loads across the
smoothing capacitors so they can
discharge rapidly when there is a
drop in RF amplitude. Coupled with
a small smoothing capacitance, an
RF peak power sensor can attain a
very fast rise time. Leading-edge
power measurement instruments
have 3 ns rise time capabilities, en-
abling the reliable capture of 5G
TDD switching components. Inter-
estingly, sensors with these fast rise
times also have 195 MHz of video
bandwidth, accommodating the
100 MHz bandwidth of an individual
5G channel.

In communications systems, the
interval between 90 percent to the
signal’s steady state maximum level,
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HIGH POWER LIMITERS
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100 WATT CW
10MHz - 3000 MHz

. Frequency range down to very low
frequency (10 MHz).

. Available single unit covering
10 Mhz to 3 GHz (LS00130P100A).

. Low insertion loss and VSWR.

. 100 Watt CW and 1000 Watt Peak
(1 Microsec pulse width ) power
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. Built-in DC Block @ input and output.

. Hermetically Sealed Module.

Typical Performance @ + 25 Deg. C
Freq Max* i Max®

Model Range’ | Insertion VeWR Input CW
{MHz) | Loss (dB) {Watts)
LS00105P100A | 10- 500 0.4 131 100

LS00110P100A | 10-1000 0.6 1.5:1 100

L500120P100A | 10-2000 | 08 171 | 100

LS00130P100A | 10-3000 10 21 100

Note 1. Insertion Loss and VSWR
tested at -10 dBm.

Note 2. Power rating derated to
20% @ +125 Deg. C.

Note 3. Leakage slightly higher at
frequencies below 100 MHz.

Other Products: Detectors, Amplifiers,
Switches, Comb Generators,
Impulse Generators, Multipliers,
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90% —[

t Settling Time

A Fig. 2 Pulse settling time, defined as the time for the signal to reach < 0.1 dB of its
maximum value from 90 percent of the maximum. The response time is the rise time +

settling time.
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A Fig. 3 Normal vs. skewed timing that overlaps the transmit (yellow) and receive

(blue).

known as the settling time, is just as
important in developing a proper
understanding of a component’s
switching speed to minimize errors.
The signal's peak performance can
be 100 percent of the signal’s mag-
nitude, but some even consider a
certain threshold, such as < 0.1 dB
from a signal's maximum, as a suf-
ficient indication that it has settled
(see Figure 2). This critical time-
frame still denotes a region of unus-
able data and can add valuable mi-
croseconds to the rise time figures,
which edges even closer to the pre-
cise TDD switching time specifica-
tions that these components must
deliver.

Without taking note of a sig-
nal's settling time, interference
can occur with the leading portion
of data. Used as merit for quality
control, block error rate (BLER) is
the ratio between erroneous data
blocks to the total blocks transmit-
ted. Invalid data caused by settling
time can lead to a high BLER, which
often necessitates retransmissions
and ultimately reduces network
performance. Test instrumentation

complemented by vendor-supplied
or customer-developed power
measurement software can help
pinpoint the exact settling time of
switching components. Software
tools, for example, may enable us-
ers to place vertical and horizontal
markers along the waveform. Engi-
neers can then easily define the ex-
act settling time window of a signal
to maximize data transfer.

PROPAGATION DELAY AND
WAVEFORM ANOMALIES

Ideally, TDD switches rapidly
change between transmit/receive
operations without a loss of data.
However, some switches, especially
those alternating from a power am-
plifier (PA) to a low noise amplifier
(LNA), may experience propagation
delay due to several factors, includ-
ing excessive cable length, board
runs, improper time adjustments or
software commands.

Propagation delay is the round-
trip time interval of a signal traveling
from the sender, through all the nec-
essary circuitry and networking in-
frastructure, to the receiving device.
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Even the slightest discrepancy in
TDD timing from factors like propa-
gation delay can cause serious is-
sues, such as downlink/uplink over-
lap, interference and a deterioration
of network performance (see Figure
3). Furthermore, the effects of prop-
agation delay are compounded at
higher mmWave frequencies with
compressed switching time inter-
vals. Any degradation in timing pre-
cision and switch performance be-
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comes critical.

Delay can also create bleed
through from the PA to the LNA,
leading to unwanted signal phe-
nomena such as overshoot, which
occurs when a signal exceeds its
top amplitude and is often fol-
lowed by ringing artifacts until the
signal reaches its steady, final val-
ue. While overshoot exceeds a sig-
nal’s target, a similar effect known
as undershoot occurs when a val-
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ue dips below the set minimum.
To maintain efficient network op-
eration, designers must have the
capability to capture and quantify
the occurrence of any delay or un-
wanted signal phenomena in TDD
circuitry.

Power sensors are key test and
measurement tools to measure
propagation delay and capture
any signal distortion. While analyz-
ing system performance in a test
setup, measurement markers in ac-
companying software can pinpoint
the delay window between input
and output signals. Top-end sen-
sor technology uses efficient and
powerful digital signal processing
techniques that eliminate gaps in
acquisition and measurement la-
tency to obtain lightning-fast per-
formance. Fast measurement rates
(e.g., 100,000 measurements per
second) are made possible by cap-
turing and processing waveform
samples nearly simultaneously as
opposed to serially, which avoids
computational overhead, buffer
size limitations and the need to
stop signal acquisition.

For comparison, standard pro-
cessing techniques capture wave-
form samples (typically during sub-
1 second time intervals) and then
halt acquisition for sequential data
processing and transfer. Signal in-
terference, distortion and other
important events can occur during
these acquisition gaps, heighten-
ing the importance of using sensors
that reduce the total cycle time for
acquiring and processing measure-
ment samples. When coupled with
compatible software applications,
engineers can achieve real-time,
gap-free acquisition of TDD signals
to validate switching performance
and reveal any anomalous events
along the communications path-
way.

SYNCHRONIZED MULTI-
CHANNEL MEASUREMENTS

A situation with a single trans-
mitter and receiver provides a sim-
plistic TDD overview, but in more
complex, practical situations there
are various signals traveling at once
emanating from multiple anten-
nas, such as MIMO applications
that increase radio link capacity. In
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this scenario, key questions arise:
Are antennas switching at the same
time? What is the time discrepancy
between transmissions? One meth-
od to monitor more sophisticated
systems is to use a vector network
analyzer (VNA); however, this test
instrument comes with a high price
tag.

Sensors with the ability to syn-
chronize in a test setup provide an
economical alternative to a VNA,

IM\icrowavemw
" PXroducts
“G\roup
; a XIIE) company

while still offering a means to moni-
tor timing, integrity and accrued
delay of numerous TDD signals.
Time-aligned measurements can
be achieved by using sensors that
share a common time base on mul-
tiple synchronous or asynchronous
channels. With this technique, the
shared time base is distributed via
a cable connection between the
multi-function input-output ports of
each sensor.

Custom ATE

for Defense,
Aerospace, and
5G Equipment

High Power, Low PIM Digital
Filtering & Switch Matrix Solutions

Device Characterization
Inter-Modulation Products
Blockers/Jammers

Carrier Aggregation

Receiver Sensitivity & Measurement Certainty

Out of Band Emission

Reflective & Non-Reflective Solutions

5G Interference Mitigation

Contact us today for a custom solution specific for your needs.

o

W TRk
== Microwave

=

=

lec ';Sg'lillﬂil.

N -
ZEITE.

MICROWAVE

Visit us at Satellite 2022 - Booth #636

Connecting & Protecting People®

Microwave Products Group® Scan to Connect
www.dovermpg.com ¢ support@dovermpg.com

56

Since switching components
may experience very small tim-
ing offsets, it is important to
consider a test instrument’s time
resolution capabilities, especially
when trying to resolve a 1 to 2
ns difference in timing between
TDD switches. Conventional in-
strumentation with standard time
resolution can easily miss vital nu-
ances between TDD signals. Cur-
rently, the finest time resolution in
power measurement instrumen-
tation is 100 ps, which not only
ensures the capture of meaning-
ful TDD waveform data, but also
increases trigger stability.

While leading-edge sensors that
provide synchronized multi-channel
TDD measurements minimize test-
ing costs compared to VNAs, some
also provide an additional advan-
tage of using a client’s actual signals
during TDD transmission testing.
Providing a simple methodology for
signal optimization, clients can pin-
point delay and necessary correc-
tions as their signals travel through
TDD switches, many of which are
embedded in the hardware of the
RF cards. Software adjustments can
then be used to fine-tune and opti-
mize performance.

ADVANCED TEST SOLUTIONS
FOR 5G TDD NETWORKS

Timing and switch performance
are critical in 5G TDD network ap-
plications, especially at higher
mmWave frequencies. Advanced
test solutions can measure any de-
lay experienced at various points
along a 5G TDD communications
path, catch signal phenomena like
undershoot/overshoot, capture
time between switch actuation
and aid with multi-signal channel
measurements. These testing solu-
tions are enabled by key sensor ca-
pabilities such as fast rise times (3
nanoseconds), rapid measurement
speed (100,000 measurements per
second), wide video bandwidth
(195 MHz), test setup synchroniza-
tion and superior time resolution
(100 ps). By choosing best-in-class
test equipment, such as Boonton
RTP5000 Real-Time RF Peak Power
Sensors, engineers can fully capital-
ize on the capacity and coverage
benefits of 5G TDD communica-
tions systems. ®
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Faster EMC Compliance Testing
with Accelerated Time Domain

Scan

Paris Akhshi, PhD

Keysight Technologies, Santa Rosa, Calif.
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oday’s fast-paced business envi-

ronment and development cycles

make it imperative to provide elec-

tromagnetic compatibility (EMC)
measurement facilities with rapid test turn-
around, high throughput and accurate mea-
surements. EMC tests must meet strict emis-
sion standards developed by EMC regula-
tory bodies such as the Comité International
Spécial des Perturbations Radioélectriques
(CISPR) and military standards such as MIL-
STD-461.

EMC testing ensures that devices will
perform as designed and not emit radiation
that could degrade the performance of oth-
er equipment. EMC testing requires a de-
tailed and exacting methodology to ensure
the accurate measurement of all emissions.
However, a long test time reduces the avail-
ability of the test facility, limiting the number
of devices that can be certified and reducing
the revenue a testing service can generate.

Growing revenue without adding new test
sites requires streamlining the EMC product
testing cycle—setup, scanning, turntable
rotation and antenna height adjustment
time—to increase the capacity of the exist-
ing test facility.

TIME DOMAIN SCANNING REDUCES
TEST TIME

To ensure impulsive signals are properly
characterized, commercial and military test-
ing standards require specific measurement
or dwell times for each signal. When testing
in the frequency domain, data must be col-
lected in individual resolution bandwidths.
Using the time domain scan (TDS) technique
shortens the overall test cycle by reducing
the receiver's scan time while meeting the
required dwell time: With TDS, fast Fou-
rier transforms (FFT) simultaneously ana-
lyze emissions over a range of frequencies,
covering multiple resolution bandwidths to
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FFT Aquisition Bandwidth

high overlap levels
of more than 90
| percent to achieve

Amplitude
Amplitude

/

' ' accurate amplitude
measurements. Un-
like the frequency
domain scanner, a
TDS receiver has
amplitude  accu-
N racy  fluctuations

(@) Frequency b)

Frequency

with frequency due
to intermediate fre-

A Fig. 1 Frequency domain scanning sequentially measures
individual resolution bandwidths (a), while TDS measures
multiple resolution bandwidths within the FFT acquisition

bandwidth (b).

reduce the receiver's scan time (see
Figure 1). FFT acquisition band-
widths for TDS can range from 1 to
> 10 MHz, far exceeding the resolu-
tion bandwidths required by CISPR
and military standards. As soon as
the receiver acquires the data, it
processes it into the appropriate
regulatory bandwidths to ensure
measurements meet regulatory re-
quirements.

Comparing the two techniques,
frequency domain scanning requires
that a receiver dwell on the resolu-
tion bandwidth required for each
measurement. TDS saves measure-

quency (IF) effects,
that must remain
within regulator
requirements. A
high degree of FFT
overlap in the time domain ensures
accurate measurement of impulsive
signals.

TDS acquisition bandwidths must
account for microwave and RF prese-
lector bandwidths. Preselector filters
improve the dynamic range at the
receiver’s first mixer when measur-
ing impulsive signals. TDS compen-
sates for preselector edge-of-band
response by adjusting the amplitude
versus frequency response across
the FFT acquisition bandwidth. Al-
ternatively, the maximum FFT acqui-
sition bandwidth can be reduced so

the FFT amplitude versus frequency
effect does not significantly alter the
preselector's amplitude versus fre-
guency response.

ACCELERATED TIME DOMAIN
SCANNING FURTHER BOOSTS
THROUGHPUT

Advances in high performance
electromagnetic interference (EMI)
receivers have enabled bandwidths
in a single FFT acquisition up to 59
MHz for standard TDS and 350 MHz
for accelerated TDS (see Figure 2).
The maximum bandwidth for each
FFT acquisition can be determined
based on the IF filters in the mixer
output. For both standard and ac-
celerated TDS, the IF can be imple-
mented with selectable IF band-
widths up to 350 MHz. The high-per-
formance analog-to-digital converter
(ADC) enables wide bandwidth digi-
tization for IF signals. The short time
FFT (STFFT) engine can analyze up
to 16,000 frequency points in a sin-
gle acquisition to support wide FFT
spans, which is much better than tra-
ditional EMI receivers.

Accelerated TDS accesses up to
350 MHz bandwidth in each FFT
acquisition to significantly enhance

ment time by applying the regulato-

ry dwell time once for all data in the TABLE 1

FFT acquisition bandwidth. Using TEST TIME COMPARISON
TDS saves time, since the wider ac-

' Accelerated
quisition bandwidth requires fewer CISPR Band C/D Stepped Scan TDS TDS
frequengy steps to cover the entire 30 MHz to 1 GHz
band of interest, unlike stepped fre- Quasi-Peak Detector o " .
quency domain scanning. The local 15 Dwell Time ! > °
oscillator (LO) frequency changes 120 kHz Resolution Bandwidth
with each frequency step: the fewer A .

our Antenna Positions
tle)e mljmkk)i.r of steps, the lower the (Left and Right, Vertical and 36 h 184 s 24s
reloc ‘Ime' . Horizontal)
Calculating FFTs often requires
LNA Option
(With Bypass)
RF Input . .
o Attenuation Preselector Mixer  IF Filter
¢ o > )
S > L Wideband || STFFT
Input D-» /_ — /%/ Q » % % IA%gn Engine
Local /\/
RF2 Oscillator
Input D_, High Power FFT Size up to
Limiter 16K Points
Refe.rence
Narrow Bandwidth Ol oy -
Filters for Standard TDS, IF Bandwidths: Display
Wide Bandwidth (350 MHz) To 59 MHz for Standard TDS
Filters for Accelerated TDS To 350 MHz for Accelerated TDS

A Fig. 2 High performance EMI receiver.
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test throughput. To illustrate, non-
accelerated TDS typically requires
about 25 FFT acquisitions to scan
the CISPR band C/D between 30
MHz and 1 GHz, which is significant-
ly faster than conventional stepped
scanning. Accelerated TDS typically
requires no more than three ac-
quisitions with the same frequency
range, and allows to scan 8x faster
than traditional TDS.

Pre-scanning the radiated emis-
sions in an EMC test lab takes a
considerable amount of time before
final compliance measurements
can be made. Accelerated TDS re-
duces this pre-scanning measure-
ment time for each device under
test (DUT). For example, an EMI
receiver with accelerated TDS can
reduce the scan time to less than 30
s, which is more than 5000x faster
than stepped scan times (see Table
1). Furthermore, accelerated TDS
can increase the data capture band-
width during real-time scan mea-
surements more than conventional
methods, analyzing the data spec-
trum up to 350 MHz in a single seg-
ment for accurate EMC diagnosis.

MAXIMIZING MEASUREMENT
POTENTIAL

In capacity-constrained test facili-
ties, TDS significantly improves the
throughput by reducing the overall
measurement test time, providing
the opportunity to introduce new
products and generate additional
revenue. Accelerated TDS enables
even faster measurements, further
reducing EMC test time to certify
more devices and speed new prod-
uct time-to-market.

Successful EMC compliance re-
quires test tools that enable more
measurements in less time while
ensuring compliance with EMI stan-
dards. An EMI receiver and diagnostic
signal analyzer offering standard and
accelerated TDS functionality offers
test labs this capability. Accelerated
TDS provides the fastest throughput
when measuring signals with pulse
repetition frequencies (PRF) > 10 Hz
and bandwidths to 350 MHz. These
capabilities increase throughput for
even the most challenging low PRF
EMI problems. An accurate, repeat-
able and reliable EMI receiver en-
sures confidence for testing in the
laboratory and on the bench. m
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Design Guidelines Using Theory
of Characteristic Modes for a
Broadband and Broad Beam
SIW Cavity-Backed Microstrip

Antenna

Ashutosh Kedar

Defence Research & Development Organization, Bangalore, India

The performance of a broadband broad beam substrate integrated waveguide (SIW) cavity-
backed microstrip antenna (CBMSA) is studied using the theory of characteristic modes (TCM).
TCM provides insight into characteristic mode (CM) propagation in the SIW CBMSA, which

helps formulate design guidelines for broad bandwidth performance. These guidelines are
validated with the design of a 64-element S-Band antenna array. The array is fabricated, and the
measurements agree closely with simulation. It demonstrates gain greater than 8 dBi, beamwidth
greater than 90 degrees, bandwidth greater than 18 percent, cross-polarization less than -20

dB and efficiency greater than 90 percent. This compares favorably with results reported in the

literature.

CM was first proposed by

Garbacz.2  Harrington3

formulated it in a matrix

form and applied it to scat-
tering problems. It is shown that
the CMs are orthogonal and usable
as basis functions to represent the
induced surface currents on any
arbitrary perfect electric conduc-
tor (PEC) surface. An electric field
integral equation was formulated,
relating the surface currents to the
tangential electric fields through a
Green's function operator assum-
ing a lossless dielectric.34 Now,
TCM is applied to numerous elec-
tromagnetic problems like antenna
design,> 10 antenna beam shaping,®
RCS reduction,!’ antenna chassis

64

design’?2 and antenna-platform in-
teraction.>'3 Antenna bandwidth
enhancement is also demonstrated
successfully using TCM.6.7.14.15 CMs
depend solely upon the shape and
the size of an object and are inde-
pendent of excitation. The feed
decides the coupling between the
modal excitation coefficients (MEC)
and the CMs.5:¢ Thus, TCM is use-
ful in designing an antenna with de-
sired characteristics.

Microstrip antennas (MSA) are
desirable for the realization of
phased array antennas for various
applications such as 5G MIMO,
phased array radar and direction
of arrival (DoA) systems.”.16-18 The
U-slot MSA (UMSA) has a broad-

band capability utilizing multiple
resonances,4.15.19-21 and has dem-
onstrated the broadest impedance
bandwidth among the family of slot-
ted MSAs.20 In MSA arrays, there is
strong mutual coupling (MC) be-
tween adjacent structures due to
surface wave (SW) fropagatlon 17.22

The CBMSA2223 has a metal-
lic cavity beneath the MSA that
prohibits SW propagation, isolates
nearby elements and reduces MC.
Thus, it supports the use of a thicker
microwave laminate for bandwidth
enhancement.’1? It also enables
an overall size reduction: the radi-
ating edge is less than A/2, where
Ag is the guide wavelength.22 This
increases the -3 dB beamwidth
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(HPBW) and the separation be-
tween nearby elements, assuming
N2 inter-element separation. This,
in turn, reduces MC and avoids the
onset of grating lobes (GL).'® Thus,
it helps to realize broadband and
wide scanning phased array anten-
nas.'7.23 The CBMSA, however, is
a complicated assembly requiring
precise machining of cavities, mak-
ing it difficult to integrate with mul-
tilayer circuit assemblies. The prob-

lem is aggravated in larger phased
array antennas.

Wu24 introduced SIW technology,
which emulates waveguide behavior
in a printed form. SIW-based CBM-
SAs (SIW CBMSA) or slot antennas
(SIW-CSA) have been demonstrat-
ed.25-35 SIW mimics a metallic cav-
ity with an array of plated through
holes (PTH). Thus, it eliminates the
need for bulky metallic cavities and
exhibits minimal radiation leakage.
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A broadband SIW CBMSA was pro-
posed for 5G applications.2>43 A C-
Band SIW-CSA with HPBW greater
than 120 degrees and FBW of ap-
proximately 17.7 percent was dem-
onstrated by Wen et al.26 A C-Band
CBMSA with a mushroom-like EBG
structure by Vilenskiy et al.2” dem-
onstrated a FBW of approximately
12 percent and an 80-degree scan
volume. Cai et al.28 demonstrated
a multilayer SIW-CBSA operating
from 18 to 30 GHz. A wide scan,
probe-fed, X-Band SIW CBMPA has
also been proposed.?833 Chou et
al.2? describe a SIW-CBSA PAA for
DoA estimation. Current literature
contains a comprehensive review of
SIW antennas.30-35
The design and optimization of
SIW-CBMSAs, including probe lo-
cation, is a time-consuming task
using techniques like finite element
method, finite difference time do-
main and method of moments.®
TCM, however, does not require
probe inclusion’ and is computa-
tionally faster optimizing antenna
performance, by providing informa-
tion on various CMs propagating on
the structure. This article describes
a strategy for broadband and broad
beam SIW CBMSA design using
TCM. The CBMSA consists of a U-
slot and an annular ring with a PTH
array on a thick microwave laminate
with low dielectric constant (e,) and
dielectric loss (tand = td). The an-
nular ring and UMSA have close
resonances resulting in broad band-
width.36.37 The PTH array creates a
SIW cavity mitigating SWs, reduc-
ing MC and producing a wide scan
volume. The antenna’s performance
is evaluated in an active array envi-
ronment. Simulations are compared

with the measurements and prior lit-
erature.25.27,33,42,43

ANTENNA DESIGN

The TCM based strategy for SIW
CBMSA design with a coaxial probe
feed consists of the following de-
sign steps (see Figure 1):

* Probe-fed MSA
e U-slot and integration with the

MSA
e SIW CBMSA.

The design procedure uses ana-
lytical expressions'® and the TCM
module in Altair FEKO software.38
The substrate is Rogers 5880 (g, =

MW]JOURNAL.COM ®m MARCH 2022



ERAVANT

FORMERLY SAGE MILLIMETER

VNA EXTENDERS | 50 to 220 GHz

BRAND NAME VNA EXTENSION | RUGGED CASE | ADJUSTABLE POWER

SAGE Millimeteris now Eravant, a change that renews our commitment to the millimeterwave
industry. Since 2011, we have been delivering quality products and energizing the customer
experience to meet the needs of RF engineers working on the technology of the future.

Brand Name VNA Extension Calibration Kits

There are total six models to extend the 20 GHz VNA to cover 50 to The matched cal kits are available as VNA extenders

220 GHz operation. The vector network analyzer (VNA) frequency companies. These cal kits are offered under the series

extenders designed to achieve full 2-port, S-parameter testing. They of STQ family. They are offered under nine models and

are compatible with modern vector network analyzers such as the can be NIST tracible.

Copper Mountain CobaltFx C4220, Rohde & Schwarz ZVA Series

and Keysight PNA-X Series. In addition, a RF output power control Wave-Glide™ Rail System

attenuator with control range of 0 to 20 dB is integrated to reduce the This sytem provides an easy and highly repeatable

port output power to prevent the saturation of the amplifier testing. approach to high-volume testing of waveguide
components. Proven advantages include excellent

Adjustable Power repeatability, fast measurement results and reduced

These VNA extenders offer an adjustable outpower power from O to mechanical stress on DUTs and test system hardware.

20 dB with the turn of a knob.

Packaging

These extenders come encased in quality rugged equipment box
with gquality ESD foam along with some extra components such as
metrology grade waveguide straights sections and a torque wrench.

= = Adapters ® Amplifiers e Antenna Feeds ¢ Antennas * Attenuators ¢ Bias Tees ¢ Cable Assemblies ¢ Corner Reflectors
WWW.ERAVANT.COM T&r B oo "

Couplers » DC Blocks e Detectors e Ferrite Devices ¢ Filters ¢ Frequency Converters ¢ Frequency Multipliers e Limiters  Magic
Tees » Mixers ¢ Noise Sources ® Oscillators ¢ Phase Shifters ¢ Power Dividers » Radar Sensors  Subassemblies  Switches
Termination Loads e Test Equipment ® Test Hardware & Accessories ® TX/RX Modules  Uni-Guide™ ¢ Waveguide Sections



TechnicalFeature

2.2,td = 103) with h ~ 250 mils.
The design objective is an anten-
na element with broad bandwidth
and broad beamwidth for wide
scanning phased array applications,
meeting the following specifica-
tions:
* Frequency of operation: S-Band
* FBW: 20 percent minimum with a
center frequency = 3.3 GHz
HPBW: greater than +45 degrees
Low MC and cross-polarization,
i.e., less than -18 dB.

Revisiting TCM

CMs are the Eigenmodes form-
ing a basis set for the induced sur-
face currents scattered by PEC bod-
ies.>/ Thus, the radiation pattern
is the linear combination of the re-
spective orthogonal modal currents.
The current distribution can be de-
composed into mutually orthogonal
characteristic currents. The surface
currents, J, and scattered electric
field, Es, are related through an op-
erator, L, as?

micram.com

68

LUJ)+ES=0 (M

Equation 1 can be re-written for
the tangential field component as

(L) +E* ] =0 2)

In equation 2, the operator part is
expressible in terms of impedance

Wsiw
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A Fig. 1 Antenna structure.
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A Fig. 2 Microstrip patch antenna EV (a)
and MS (b) vs. frequency; radiation patterns
and surface current distributions (c).
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as

1L, @
and

Z=- ian 4)

where Z is a complex impedance:
Z=R+jX (5)

In Equation 5, R and X represent
the resistive and reactive portions of
the impedance. An eigenvalue (EV)
equation is given as:*

Z(J,)=1,R(Jy) ()

In Equation 6, p,, are the EVs, and
J, are the eigenfunctions. Using
Equations 5 and 6, 7 is obtained in a
matrix form as:
X(Jn)=7»(Jn) 7)

w,=T+jA, 8)

In Equation 8, \, is referred to
as the EV. Thus, N\, = O represents
the resonance condition, while \ <
0 or \,> O represent storage in the

Powerful Payload &
RF Link Emulator

Link emulation: Delay, Doppler, AWGN, Phase shift
Real time contral for Arial Vehicle (UAV) testing
Payload: MUX, Compression, Phase noise, Group delay
Multipath: 12 paths per channel

Up to sixteen synchronous channels with correlation

Filter Response - Magnitu ——====

Amplifier Characteristics

Output Power (dBFS)
tEESEEE B

[aa1ap) #sind nding

RF Test Equipment for Wireless Communications

email: info@dbmcorp.com
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form of electric or magnetic energy,
respectively. Another characteristic
parameter is Modal Significance
(MS), which is defined as

1

1+ jA,

MS,—1 represents resonance.
Thus, the frequencies satisfying
MS, > 0.707, define the FBW of the
structure. Another parameter, the
characteristic angle (CA) a,,, defines
the phase angle between the char-
acteristic modal current and respec-
tive field and is given in Equation
10:

o, =1-tan'(180-1,) (10

@)

n

a,, = 180 degrees represents the
point of resonance, and its slope
gives the FBW. Thus, EV, MS and
CA are the essential characteristic
parameters that determine the ra-
diation characteristics of the struc-
ture and the CMs contributing to ra-

10

Mode Index
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(©)
A Fig. 3 Slot antenna EV (a) and MS

(b) vs. frequency; radiation pattern and
surface current distribution (c).
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diation. The Eigen currents and the
fields are orthogonal; hence, CMs
radiate independently of each other
and can be used as basic functions
to expand the total current (J):

. Vig
= 11
: 2”1+jln )
1 Mode Index
8 -1
y 3
o 2 *5 | n
0%—#&—&4
2
4l !

1 1 1
2.5 3.0 85 4.0 4.5
Frequency (GHz)

Mode Index
a1 .4
o2 95
A3

0 1 1 1
25 3.0 35 4.0 4.5
Frequency (GHz)

J5

A Fig. 4 UMSAEV (a) and MS (b) vs.
frequency; radiation patterns and surface
current distributions (c).

Source

for VCOs# :
& PLLS ¢

35 Years of Performance, Reliability and Delivery you can Trust

zcomm.com

| +1(858) 621-2700 | sales@zcomm.com =4

In Equation 11, V, is the MEC,
which assesses the effect of the ap-
plied excitations’ position, phase
and magnitude on a particular CM’s
contribution to the net radiation.

MSA Design

An MSA is modeled (see Figure
2) using simple closed-form expres-
sions’® and analyzed using TCM. All
possible mode excitations are de-
termined over the range from 2.5 to
4.5 GHz. Figures 2a and b plot the
EV and MS versus frequency. Five
numbers of CMs are considered,
J; to Js (mode indices from 1 to 5),
chosen per the criterion in Equation
12:

NM=N, (MS =0.707)+p, (12)

In Equation 12, NM is the total
number of stable CMs, N, is the
number of CMs achieving, MS >
0.707 and p,, is the accuracy factor.

Figure 2 shows that two modes,
J; and J,, contribute over the com-

plete band with resonances near
3.3 GHz (MS ~1). Figure 2b shows
that J3 covers 2.6 to 4.5 GHz (FBW
= 53 percent) and J, covers 2.8 to
4.2 GHz (FBW = 40 percent). Figure
2c plots the respective 3D radiation
pattern and surface current distri-
butions. J; is the dominant mode
giving the desired radiation pattern
and J, is a higher-order mode.

U-Slot Design

A U-slot is modeled (see Fig-
ure 3) using Babinet'’s principle of
duality,3? considering it as a metal-
lic U-strip on a dielectric substrate.
Figures 3a and b plot EV and MS
versus frequency. Six modes are
considered, i.e., J; to J, (mode in-
dices from 1 to 6). Figure 3 shows
that mode J, contributes from 2 to
4 GHz (FBW = 75 percent) and the
other modes, except J3, show ca-
pacitive behavior. Figure 3c shows
the 3D radiation pattern and surface
current distribution plots for J,. The
mode J, is domi-

0.0004 S— nant and gives a
A - —s desirable radiation
0.0003 pattern.
o I \ U-Slot MSA (UMSA)
< 0.0002 Design
] \ The UMSA s
0.0001 designed, combin-
N ing MSA and U-slot
0 AN designs, and the
25 overall structure is
Frequency (GHz) shown in Figure 4.

A Fig. 5 UMSA MEC vs. frequency.

Figures 4a and b

- Low Tuning Sensitivity
- Ultra-low Phase Noise
- Low Frequency Drift

Frequency Range 6810 - 6860 MHz

* Plug-n-play PLL Solutions
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- Loop Filter

-VCO and PIC controller

Frequency 16 GHz
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SFS/RFS Series Frequency Sources from 500 MHz - 16 GHz
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" SFS16000H-LF
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plot EV and MS versus frequency.
Five modes are considered, i.e., J;
to J5 (mode indices varying from 1 to
5), and the figure shows that modes
J3 and Jg contribute to the band of
interest. Figure 4c plots the respec-
tive 3D radiation pattern and surface
current distributions for modes J;
and Js showing Js provides the de-
sired current distribution.

A probe excitation with a diame-
ter of 1.35 mm is modeled to see its

Microwave Multi-Octave

effect on CM propagation. Figure
5 plots the MECs versus frequency,
confirming Js as the desired radia-
tion mode with a higher value of
MEC near the resonant frequency.
The inset in Figure 5 shows the sur-
face current distribution, illustrat-

ing the in-phase coupling between
the U-slot and the dominant TMy,
mode of the MSA.1* The current
distribution is maximum around the
slot near the edges of the MSA.

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.

PULSAR

MICROWAVE CORPORATION

© www.pulsarmicrowave.com

48 Industrial West, Clifton, NJ 07012 | Tel: 973-779-6262 - Fax: 973-779-2727 | sal Isarmic com
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A Fig. 6 UMSA reflection coefficient
magnitude vs. frequency.

Figure 6 plots the magnitude of
the reflection coefficient, |I'|, versus
frequency using the standard Meth-
od of Moments (MoM) simulation. It
shows that the desired bandwidth
is achieved with resonance at 3.3
GHz. Note that the resonance point
differs slightly from that determined
with TCM.

The next section validates the
design with two of the most promis-
ing and proven techniques available
in prior literature4041 to show TCM’s
accuracy and effectiveness.

UMSA Design Validation

The initial UMSA design is ob-
tained from closed-form empirical
expressions using the dimensional
invariance (DI)4! and three resonant
frequency (TRF)*0 techniques. TRF
defines the criterion of choosing &,
and h depending upon the desired
FBW = 100 (feer-fresa) fres3, Where
fresp and f,.¢4 are the lower and upper
bounds of the VSWR bandwidth (2:1)
and f...3 is the center frequency. The
substrate thickness, h, must satisfy
the criterion in Equation 13. Initial
design parameters of the UMSA are
chosen using Equation 13 to Equa-
tion 20 depending upon desired
VSWR bandwidth40 (see Figure 1).

h>0.06 ess (13)

SI’

8

L+2AL = —— 3.10 (14)

\/7 res3
W =1.5L (15)
8r,e]‘F= oh

1

O.5(sr+1)+0.5(sr—1)(1+7j (16)
2AL =0.824h

(& off +O3)(F+O 262)

(& ot - 0.258)(\:1V+ 0.813)

(17)
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t=7\‘res3(air) /60 (1 8)
3.108

Y] 8r,e]‘f fres2

L, is selected such that

L >0.3and L
W W,

S

W, = —2(L+2AL—1)(19)

>0.75

The DI method*' predicts that
the only parameter dependent on
substrate choice is W/h, and all
other-dimensional parameters (see
Figure 1) follow a constant ratio, as
given in Table 1. A variation of W/h
with frequency is studied and its
empirical relationship is derived for
the chosen substrate as

%:o.msfz —18f3+10 (21)

res3

TABLE 1
DIMENSIONAL INVARIANCE IN U-SLOT DESIGNS4!

er W/h L/Ls

Wi/Ls Ls/b

t/Ws W/W;

o [ 2w | e [ o | s [ o | 2 |

Case w L

TABLE 2
U-SLOT DESIGN DIMENSIONS

(DIMENSIONS IN MM AND FREQUENCY IN GHZ)

Ls t b a

The UMSA is designed using TRF
and DI techniques and compared
with TCM. Table 2 summarizes the
respective design variables with the
achieved frequency band of opera-
tion. The three respective designs
are simulated assuming the infinite
substrate boundary conditions in
MoM. Table 2 shows good agree-
ment in terms of f..; however, the
TCM agrees more closely with DI
and yields a much more compact
geometry compared to the one
achieved using the TRF technique.
This is because the DI technique
also derives its respective ratios
from MoM simulations?!; there-
fore, both DI and TCM consider the
fringe fields and finite edge effects.
Thus, the design procedure using
TCM is validated.

h f

res2

f

res3

f

res4

TCM
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GaAs FETs pHEMTSs

AMCOM's AMO30MH4-BI-R is part
of the Bl series of GaAsHIFETs. The
HIFET is a partially matched patented
device configuration for high
voltage, high power, high linearity,
and broadband applications. This
part has a total device periphery of
12mm. The AMO30MH4-BI-R is
designed for high power microwave
applications, operating up to 3GHz.
The flange at the bottom of the
package serves simultaneously as DC
ground, RF ground and thermal path.
This HIiFET is RoHS compliant.

AMCOM's AMOOSMH2-BI-R is a part
of the Bl series ofGaAs HiFETs. The
HiFET is a partially matched patented
device configuration for high voltage,
high power and broadband applications.
This part has a total device periphery
of Tmm. The AMOO5MH2-BI-R is
designed for high power microwave
applications, operating up to 6 Ghz.
It is also an ideal driver for larger
power devices. The flange at the bottom
of the package serves simultaneously
as DC ground, RF ground, and thermal
path. This part is RoHS compliant.

AMCOM's AMO32MH4-BI-R is part of
the Bl series of GaAs HIiFETs. The HiFET
is a partially matched patented device
configuration for high voltage, high
power and broadband applications.
This part has a total device periphery
of 12.8mm. The AMO032MH4-BI-R is
designed for high power microwave
applications, operating up to 6GHz.
The flange at the bottom of the
package serves simultaneously as DC
ground, RF ground and thermal path.
This HIFET is RoHS compliant.

WX

L

AMCOM's AMO30WX-BI-R is a discrete
Gahs pHEMT that has a total gate width
of 3.0mm. It is in a ceramic Bl package
for operating up to 10 GHz.The Bl
package uses a specially designed
ceramic package with bent (BI-G) or
straight (Bl) leads in a drop-in mounting
style. The flange at the bottom of the
package serves simultaneously as DC
ground, RF ground, and thermal
path. This part is RoHS compliant. For
more information on this product or
any other AMCOM product visit our
website at www.amcomusa.com.

AMO03042WN-XX-R 40/-2 EAR99
AMO003042WN-00-R 0.05 24 42 35 40/-2 EAR99
AM206041WN-SN-R 18 6.5 30 a1 23 428/-18 EAR99
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It has 27dB gain, and 41dBm  AMO08012041WN-SN-R 1.5 12 Tl 41 20 +28/-1.9 3A001.b.2.b

output power over the 82510 | \n10801041WN-00-R 7.5 12 2 42 20 | +28/-19 | 3A001b2.b

11.75 GHz band. Because of T e T = — 5 - = e e =

Kigh DC st sapation; AMO07512041WN-SN-R 7.75 12.25 27 4 22 +28/-1.8 3A001.b.2.b

good heat sinking is required, | AM07512041WN-00-R 7.75 12.25 28 42 27 428/-18 3A001.b.2b

MMIC in a Box

WWW.SMmacomiusa.com
Phone 301.353.8400 - www.amcomusa.com - info@amcomusa.com
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MC Analysis

MC behavior is described in 2 x 1 and 2 x 2 arrays.
Figure 7 shows a 2 x 1 array as an inset and plots the
self and mutual scattering parameters (SP) versus fre-
quency. Over the 3 to 3.5 GHz band, the coupling |S,|
is less than -18 dB and |I'| = |S4| is less than -10 dB. Fig-
ure 8a shows a 2 x 2 array model and its respective SPs.
[I'| for all ports is less than -10 dB and MC is less than
-18 dB over the 3 to 3.5 GHz band. A little variation in
the resonance peaks of the four elements is observed
due to the MC effect.” Figure 8b shows the uniformly
fed array radiation pattern. The HPBW is ~54 degrees,
G, is ~ 6.9 dBi and the peak sidelobe level is less than
-13 dB.

Annular Ring Design

An annular ring (see Figure 9) is designed with di-
mensions based on the center frequency3¢ using (22):
v

fros3 = (22)
h 4(L(x - Woc)_ \ler,eff
In (22), v = 3x108 m/s, L =Lg-(L+2¢) = 42.21 mm

and W, = Wq-(W+2 d) = 39.21 mm. TCM identifies
two resonances, 2.2 and 3.4 GHz for modes J; and
Js (see Figures 9a and b), respectively. The dominant
mode is the TM;; mode (J4) in this structure.

0
_\/m

Magnitude (dB)
L 5 L
=) =) o

/l Sa|
_40 1 1 1 1
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Frequency (GHz)

A Fig. 7 UMSA self and mutual SPs.
/
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SIW Cavity-Backed UMSA (SIW
CBMSA)

The annular ring with a PTH ar-
ray adjoined to the UMSA (see Fig-
ure 1 and Figure 10) forms the SIW
CBMSA structure. The dimensions
are Lgy = 50.21, Wg, = 50.21, ¢

10

0 ?
~10}—

> -20

w -30 Mode Index |
40 # :? —3
-50 : i

_60 L \/ L L L
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Frequency (GHz)

1.0
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/ N\
= 0.4 Qi Mlndex M
0.2 o L

o Il L L L
20 25 30 35 40 45 50
Frequency (GHz)

A Fig. 9 Annular ring EV (a) and
MS (b) vs. frequency; surface current
distribution and radiation pattern for
modes J1 and J4 (c).

=4 and d = 5.5 mm. The PTH di-
ameter is 1 mm, with a spacing of
2.875 mm, optimized to minimize
leakage loss based on MC estima-
tion between two adjacent antenna
elements.

Figures 10a and b show EV and
MS versus frequency considering
four CMs, from Equation 12. An

1.5 ——]|
Maode Index
10— +1 =3
42 o4
o 05
Ol ————3 & ——7
-0.5
_1.0 L L L
3.1 3.2 3.3 3.4 515
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-2 44
o 3.4 Bi5)
(b) Frequency (GHz)
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\\ -2
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A Fig. 10 SIW CBMSA TCM EV (a), MS
(b) and MEC (c) vs. frequency.
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A Fig. 11 SIW CBMPA radiation pattern and surface current distribution.
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enhanced bandwidth is observed, Figure 11 shows the combined
0 contributed by modes Jy, J;and J3. surface current distribution, Jy+J3,
- : Figure 10c plots MECs considering  and associated 3D radiation pat-
a ‘1(5) NS probe excitation and shows that J;  tern at 3.3 GHz; normalized phi-cut
= s A, | is the dominant mode while J; con-  distributions are also shown. An in-
e \V/\\V/ Messared|| tributes to a lesser degree. phase coupling between U-slot and
PBC
_30 1 1 1
28 30 32 34 36 38 TABLE 3
Frequency (GHz) MEASURED ARRAY PARAMETERS

A Fig. 12 Reflection coefficient HPBW X-Pol HPBW X-Pol
magnitude vs. frequency. f(GHz) ¢ =0° ¢ =0° Do (dBi) & =90° ¢ =90°
(°) (dB) (°) (dB)
29 101.6 18 8.7 116.1 -20 8.1 939
30 121.2 22 8.4 110.2 23 8.0 95.2
3.1 116.6 -25 8.6 114.1 -29 8.3 97.4
32 99.4 -30 8.4 100.0 -31 8.2 9.6
§ 33 93.8 -33 8.6 90.1 -29 8.2 94.3
g 34 93.8 -33 9.1 97.1 -30 8.7 96.8
35 83.5 -33 9.0 90.2 -35 8.7 96.8
36 74.2 27 8.8 85.2 27 8.4 95.7
TABLE 4
PERFORMANCE COMPARISON
NM = NOT MENTIONED
-20
o Awida et al.33 12 (@10 GHz) < +60 NM NM <-20 > 80
0@ Zhangetal® | 9(3.34-3.37 GH) NM NM | 64 [ <20 NwM
-50 Vilenskiy et al.27 12 (NM) ~+51 | <20 | >5 | <20 | >80
60 Liu et al.25 19 (26.2-31.7 GHz) <440 NM | NM [ NM NM
. P1 P2 P3 P4 PS5 P6 P7 P8 Wenetal26 | 17.7(54-645GHz) | -71°t073° | NM NM [ <13 | NM
Tanetal | 10.6(27.8-30.9 GHZ) NM NM | >84 | <25 | NM
"ﬁtig,\}l’é fa'mgfr':"(ﬁ)‘:”"ay (a) and This Work 22.5(2.9-3.7 GHz) +50 20 | >80 | 20 | >939
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patch edges is observed with minimal leakage to the
annular ring, thus ensuring isolation from nearby struc-
tures. G is ~6.9 dBi and HPBW is greater than 89 and
82 degrees in the respective planes.

A bandwidth of 670 MHz (FBW = ~20 percent) is
shown by the dotted red curve in Figure 12. Figure
12 compares the simulated |I'| obtained in an isolated
environment with an infinite array environment gener-
ated using periodic boundary conditions (PBC).17:18 |t
also compares these with the measured || in an array
environment. Generally good agreement is observed,
with a slight difference between the PBC and measured
results, due to neglecting the finite edges in the PBC
environment.

MEASURED RESULTS AND DISCUSSION

A 64 (8 x 8) SIW CBMSA array 500 x 500 mm?2 in size
is fabricated using standard photo-etching techniques.
The inter-element spacing is 0.552\  along the x- and y-
directions. It has a 5 mm-thick aluminum ground plane
while ensuring that no air bubbles are formed in the
structure (see Figure 13a).

The central element performance and the MC varia-
tion is measured (see Figure 13b). Coupling is mea-
sured between the central element and all other array
elements. It is observed that the worst coupling is less
than -20 dB, i.e., minimal leakage occurs from the SIW
structure to its neighbors. Figure 12 shows the mea-
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A Fig. 14 Measured co- and cross-polarization radiation
patterns vs. 6 at 3.0, 3.3 and 3.5 GHz with ¢ = 0 (a) and 90 (b)
degrees.
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sured FBW is ~22.5 percent (~740
MHz), from 2.96 to 3.7 GHz for a
VSWR less than 3:1, and 18 percent
(~600 MHz), from 3 to 3.6 GHz for a
VSWR less than 2:1.

Table 3 summarizes the radiation
parameters in the array environment
measured in a planar near-field test
measurement facility. The variation
observed between the measured
and the simulated parameters are
attributed to the variation in h, due
to the bonding of two layers of
the substrate using a Rogers 3001
bonding film to achieve the desired
thickness. The set targets are met
from 3.1 to 3.5 GHz, showing G, is
greater than 8.4 dBi, the efficiency
MR IS greater than 95.2 percent
(see Equation 23), cross-polarization
is less than -22 dB and the HPBW
is greater than 90 degrees in both
principal planes except near the up-
per edge of the frequency band.

nRE=1 00. Ge /DO

(Dois the directivity) (23)

Table 4 compares SIW CBM-
SA performance with the prior
work.33.42.27.2543 Comparable per-
formance with better efficiency, nge
greater than 93.9 percent and FBW
of ~22 is shown. Figure 14 plots the
measured co- and cross-polarized
normalized radiation patterns in the
array environment over the band, in
the ¢ = 0- and 90-degree planes. A
HPBW greater than 90 and 100 de-

LI
000
TMEV

VIETNAM

grees in the two planes with cross-
polarization less than -23 dB at
boresight and better than -12 dB at
extreme scan angles is demonstrat-
ed (see Table 3). The ripple level in
the gain plots is less than +0.5 dB.
Figure 15 shows the measured
radiation pattern of a é4-element,
uniformly fed array scanned to O-
and 45-degree angles. G, decreases
1.15 dB from the peak value of ~17.6
dBi at 0 degrees with no visible GLs,
validating wide scan performance.

CONCLUSION

A simple design strategy based
on TCM to design a broadband,
broad beamwidth SIW CBMSA is
presented. TCM provides insight
into propagating CMs and shows
that the choice of CM propaga-
tion in the constituent parts of the
antenna helps achieve broadband
performance. The resultant antenna
design is validated in a 64-element
array environment. The fabricated
antenna’s measured performance
agrees with the simulation and
shows broad bandwidth and broad
beamwidth. The results comple-
ment the existing literature and
show promising applications to
phased array antennas for various
applications. B
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SPECTRUM

INSTRUMENTATION

s

pectrum  Instrumentation
has released two digitizer
cards that advance the per-
formance standards in PC-
based instrumentation. Using the
latest 12-bit analog-to-digital con-
verter (ADC) technology, the cards
sample signals at rates up to an im-
pressive 6.4 GSPS. Also differentiat-
ing them is the capability to transfer
enormous amounts of data over the
PCle bus. Using 16-lane, Genera-
tion 3 technology, they stream ac-
quired data at an astonishing rate
of 12.8 Gbps. This speed, almost
2x greater than other PCle digitiz-
ers on the market, means they can
continuously run at the full 6.4 GSPS
sampling rate and seamlessly send
acquired data to the PC environ-
ment in real time. Once at the PC,
the data can be stored or processed
using the latest CPUs and CUDA-
based GPUs.
The two new digitizer cards are
a single-channel 6.4 GSPS card
(M5i.3330-x16) and a dual-channel
card (M5i.3337-x16). The dual-chan-

90

Mie in Geemary

PCle Digitizer
Cards Deliver
Next-Generation
Performance

Spectrum Instrumentation GmbH

Grosshansdorf, Germany

nel model, shown in Figure 1, offers
synchronous 3.2 GSPS sampling on
both channels or the full 6.4 GSPS
on a single-channel. Designed to
handle a wide variety of signals, the
digitizer designs use fully functional
front-end electronics with > 2 GHz
bandwidth, programmable  full-
scale ranges from +200 mV to +2.5
V and variable offset. 12-bit ADCs
provide exceptional dynamic range,
16x greater than 8-bit digitizers and
most digital oscilloscopes. This
higher resolution improves the pre-
cision of voltage measurements
and enables users to capture and
characterize fine signal details often
missed by lower resolution devices.

Large on-board memory en-
ables capturing long and complex
waveforms. A 4 Gb (2 GS) memory
is standard, and it can be option-
ally expanded to 16 Gb (8 GS). A
PLL-based internal clock, with bet-
ter than 1 ppm accuracy, ensures
precise timing measurements over
long periods. Waveforms can be
acquired in single-shot and multiple

recording modes, together with
trigger time stamping. Multiple re-
cording divides the on-board mem-
ory into segments and supports the
acquisition of numerous events,

A Fig. 1 Front-side (a) and back (b)
views of the dual-channel digitizer

card (M5i.3337-x16), which performs
synchronous 3.2 GSPS sampling on both
channels or 6.4 GSPS on a single channel.
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even at very high trigger rates. This
is well-suited for situations found in
systems using a stimulus-response
process, such as radar and LiDAR,
or when bursts of information must
be acquired, such as testing a fast
serial bus. For added flexibility, the
on-board memory can be used as a
FIFO buffer for continuous stream-
ing of data to the PC environment
or as a ring buffer, working much
like a conventional oscilloscope.

Transfer speed tests made by
Spectrum’s design engineers with
various PC platforms achieved the
maximum speed using an AMD
EPYC Model 7252 server proces-
sor. Spectrum also tested direct
RDMA data transfers at full speed
from the digitizer cards to a Nvidia
model P2000 GPU. Streaming data
directly to a CUDA GPU with up to
5000 processor cores is possible by
using Spectrum’s CUDA Access for
Parallel Processing (SCAPP) pack-
age, available as a low-cost option.
SCAPP comes with the necessary
drivers for CUDA GPU support and
lets users develop custom process-
ing routines. Working examples are
included for common functions like
FFTs for spectral analysis and con-
tinuous averaging for noise reduc-
tion.

To make integration into a test
system fast and simple, the front
panel has SMA connectors for the
channel inputs, clock and trigger
inputs and outputs and four multi-
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A Fig. 2 Front panel RF, clock, trigger
and digital I/0O connections ease
integration into a test system.

functional digital 1/O lines (see Fig-
ure 2). The extra clock and trigger
connections enable synchronizing
the cards with other measurement
devices. The cards can be installed
in nearly any Windows or Linux PC
using most popular programming
languages: C, C++, C#, Delphi,
VB.NET, J#, Python, Julia, Java,
LabVIEW and MATLAB. Each card
comes with a software develop-
ment kit containing all the neces-
sary driver libraries and program-
ming examples. Alternatively, for
users who don’t want to write code,
Spectrum offers SBench 6, a pow-
erful graphical software with a host

R

www.accelrf. com

Fully Integrated, Scalable, Turnkey
RF & DC Accelerated Life Test Systems

Accel-RF is the World Leader in
Compound Semiconductor Reliability Testing!

of capabilities for card control, data
display, analysis, storage and docu-
mentation.

The new cards, the first two prod-
ucts in Spectrum’s new M5i high per-
formance digitizer family, are the re-
sult of two years of research and de-
velopment. The fast sampling rates
with high-resolution and bandwidth
make them well-suited for high fre-
quency signal acquisition and analy-
sis. They support applications in
fields such as fiber optics, mass spec-
trometry, semiconductor testing, RF
recording and quantum technology.
The data transfer speeds enable
continuous streaming of data in real
time, which opens new applications
requiring intense signal processing,
such as astronomy and artificial intel-
ligence. Faster data transfer yields
improved measurement speed and
better productivity, particularly for
automated test systems.

The M5i.3330-x16 and M5i.3337-
x16 digitizer cards are available now
with delivery four to six weeks after
receipt of an order. Like all Spec-
trum Instrumentation products, the
cards have a five-year warranty and
free software and firmware updates
and customer support by the engi-
neering team for the lifetime of the
product.

Spectrum Instrumentation
GmbH

Grosshansdorf, Germany
www.spectrum-
instrumentation.com
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ERAVANT

FORMERLY SAGE MILLIMETER

VNA CALIBRATION KITS | 18 to 220 CGHz

METROLOGY GRADE | WAVELENGTH OFFSETS | NIST

SAGE Millimeteris now Eravant, a change that renews our commitment to the millimeterwave
industry. Since 2011, we have been delivering quality products and energizing the customer
experience to meet the needs of RF engineers working on the technology of the future.

Metrology Grade Ruggedized Packaging

These calibration kit components are machines and plated These calibration kits are collected in a perfect sized
with high quality standard. They are also made with beryllium and ruggedized case to properly store, organize, seal,
copper to prevent distortion and slow down wearing. and protect the components as you need to move them

around to different test stations.
Wavelength Offsets

The cal kits come with %Ag, ¥%Ag, % Ag offset shims pieces to NIST Traceablility
support various types of calibrations such as TRL or SOLT to These calibration kits are offered with optional NIST
align with different manufacturers. tracible certifications if desired.

— e Adapters « Amplifiers « Antenna Feeds ¢ Antennas ¢ Attenuators ¢ Bias Tees ¢ Cable Assemblies e Corner Reflectors e
VISA u@ e
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Tees  Mixers ¢ Noise Sources ® Oscillators ¢ Phase Shifters ¢ Power Dividers » Radar Sensors  Subassemblies  Switches
Termination Loads e Test Equipment o Test Hardware & Accessories ® TX/RX Modules ¢ Uni-Guide™ ¢ Waveguide Sections



ProductFeature

Compact Noise Sources
Provide Flat, Wideband

ENRs

Eravant
Torrance, Calif.

oise sources are some of the most
versatile devices used to measure
and monitor the performance of
microwave and mmWave com-
ponents and systems. As external signal
sources, they are commonly used with spec-
trum analyzers and other test equipment
to determine the noise temperature, noise
figure or frequency response of individual
components and integrated receivers. Also,
they are frequently teamed with built-in test
equipment in radar, telemetry and commu-
nication systems where automatic calibra-

tion and system monitoring are required. In
most applications, noise sources work best
when they have flat and stable spectral char-
acteristics. When they are integrated into
mmWave subassemblies, small size is a ma-
jor consideration.

Eravant’s STZ noise sources cover wide
portions of the microwave and mmWave
spectrum, operating from 500 MHz to 170
GHz and with excess noise ratios (ENR)
from 12 to 20 dB. The latest additions to
this product family include the -02 and -0T2
series compact noise sources shown in Ta-

TABLE 1

Eravant Compact Noise Sources
(For TTL and Toggle Switch Controls, Use Suffix -0T2)

Model Number Frequency ENR Flatness (dB) Return Loss Output
(GHz) (dB) (dB) Interface
STZ-05250318-2M-02 0.5-50 18 =7 15 2.4 mm
STZ-05240318-KM-02 0.5-40 18 +2 15 2.92 mm
STZ-05267313-VM-02 0.5-67 13-18 +3 15 1.85 mm
STZ-28-02 26.5-40 18 =] 15 WR-28
STZ-22-02 33-50 18 =9 15 WR-22
STZ-19-02 40-60 15 +3 12 WR-19
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Dielectric Resonator Oscillator

=70
-80 Availaole In Surface Mounit
-90 /4 SDRO Series 0.75' x 0.75 x 0.55

Phase Noise (dBc/Hz)
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woh
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For extenaea temperaiure
range (-40° 10 +85 "C)

-150

=160 -

-170

| -180

| 1000 10000 100000 1000000 10000000
| Offset Frequency (Hz) Pateniea Technology

Tuning Voltage Typical Phase Noise

Frequency (GHz)

DC Bias (VDC)

(VDC) @ 10 kHz (dBc/Hz)

Surface Mount Models

SDRO800-8 8 1-10 +8 @ 25 mA -110
SDRO800-8XT * 8 1-10 +8 @ 25 mA -110
SDRO900-8 9 1-10 +8 @ 25 mA -112
SDRO900-8XT * 9 1-10 +8 @ 25 mA -112
SDRO1000-8 10 1-15 +8 @ 25 mA -107
SDR01024-8 10.24 1-15 +8 @ 25 mA -105
SDRO1118-7 11.18 1-12 +5.5-7.5 @ 25 mA -104
SDRO1121-7 11.217 1-12 +5.5-7.5@ 25 mA -106
SDRO1130-7 11.303 1-12 +5.5-7.5 @ 25 mA -106
SDRO1134-7 11.34 1-12 +55-7.5@ 25 mA -107
SDRO1140-8XT * 11.4 1-10 +8 @ 25 mA -102
SDR0O1250-8 12.5 1-15 +8 @ 25 mA -104
SDRO1300-8 13 1-12 +8 @ 25 mA -104
SDR0O1400-8 14 1-12 +8 @ 25 mA -102 "
SDRO1500-8 15 1-12 +8 @ 25 mA -100 @W\P
SDRO1800-8 18 1-12 +8 @ 25 mA -100
SDRO2000-8 20 1-12 +8 @ 25 mA -98
Connectorized Models

DRO80 8 1-15 +7-10 @ 70 mA -114
DRO8RY95 8.95 1-10 +7 - 10 @ 38 mA -109

DRO100 10 1-15 +7-10 @ 70 mA -111

DRO1024 10.24 1-15 +7-10 @ 70 mA -109
DRO1024H 10.24 1-15 +7-10 @ 70 mA -115
KDRO145-15-411M 14.5 * +7.5 @ 60 mA -100

* Mechanical tuning only +4 MHz
LExtended temperature range {-40 to +85 “C)

Talk To Us About Your Custom Requirements.

QumwmenEe | Phone: (973) 881-8800 | Fax: (973) 881-8361

S _l EERL .
:\Ill“lllll E-mail: sales@synergymwave.com | Web: www.synergymwave.com
J (I

CROWRNE CORPORATION Mail: 201 McLean Boulevard, Paterson, NJ 07504



ProductFeature

A Fig. 1 Noise source STZ-05267313-
VM-0T2 operates from 0.5 to 67 GHz
and has a high speed TTL trigger input
for automated test applications.

ble 1. They provide flat ENR over
wide bandwidths and are housed
in small packages that facilitate
their inclusion with portable test
equipment or in compact hard-
ware. With nominal ENRs of 15 to
18 dB, these noise sources provide
calibrated noise power from 0.5 to
67 GHz. Typical ENR flatness is +2
dB over the operating bandwidth
and nominal output return loss is
15 dB for most models. For broad-
band system testing, ENR flatness
is important because correcting or
compensating for variations in the
noise spectrum can be extremely

A Fig. 2 Noise source STZ-05267313-
VM-02 operates from 40 to 60 GHz and
has a UG-383/U-M anti-cocking flange.

challenging. Each noise source in-
cludes an integrated attenuator that
controls its output impedance and
reduces measurement uncertainty
from impedance mismatch. The at-
tenuator eliminates the need for a
costly external isolator. Each noise
source is enclosed in a slim package
that measures 4.0 x 1.2 x 0.8 in. and
weighs 9.2 oz.

The models with coaxial output
connectors cover extremely wide
bandwidths: continuous frequency
coverage from 0.5 to 40 GHz with
a K connector (see Figure 1), 0.5 to
50 GHz with a 2.4 mm connector
and 0.5 to 67 GHz with a 1.85 mm
connector. Current waveguide out-
put options comprise WR28 (26.5 to

e Point-To-Point Interconnect Modules
¢ High-Density Routing Solutions

e Tight Space, Low-Weight
® 5G & MIMO Testing

e Small Form Factor

Interiek

40 GHz), WR22 (33 to 50 GHz) and
WR19 (40 to 60 GHz). The WR22
and WR19 versions have anti-cock-
ing waveguide flanges (see Figure

The noise sources are biased
with a supply voltage of +28 V and
can be modulated by switching the
DC power on and off, up to 1 kHz.
Models with the -0T2 option have a
high speed TTL control input and a
toggle switch to support automated
test setups, laboratory applications
and equipment where the noise
source is built in.

Their compact size makes the -02
and -0T2 series noise sources well-
suited for the built-in test equip-
ment used in radar, telemetry, radi-
ometry and communication receiv-
ers. By including a noise source and
a directional coupler in a receiver’s
front-end signal path, the receiver
can perform self-calibration and
monitor the health of various system
components (see Figure 3). The fre-
quency responses of filters and gain
blocks can be verified by injecting
wideband noise into the receiver
while performing a spectral analysis

,,,,,

Phone +1 (888) 498-3242
sales@hasco-inc.com
www.hasco-inc.com/Littlebend
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ProductFeature

of the down-converted IF signal. Detected noise lev-
els can also be used to reveal elevated local oscillator
(LO) noise sidebands, spurious outputs in the LO signal
or problems caused by a mixer's limited image or side-
band signal suppression.

Noise sources have many other uses. They are fre-
quently employed to measure the bit error rate of
digital communication links. By independently vary-
ing the power levels of both the signal and noise, the
effects of mixer saturation and amplifier compression
can be quantified to establish a receiver’s dynamic
range or estimate its vulnerability to interference un-

Antenna Directional Isolator Filter Mixer LO
Coupl
oupler —~_
/\/
— ~
i Front-End
N
So?;:vscee Subassembly LNA
Built-In-Test Spectral .
Controller Analysis [ | IF Digitizer

I

Signal
Processing

Using a noise source for built-in test can calibrate
a receiver’s response and monitor the health of individual
components.

Our Best Ultra Low
Phase Noise 0CX0

In a 36 x 27 mm “Europack”

Features

* SC-cut crystal

* High Stability

e Outstanding ADEV

* Improved Ultra Low Phase Noise
Extraordinary (E) -91 dBc/Hz at 0.1 Hz
-123 dBc/Hz at 1 Hz
-151 dBc/Hz at 10 Hz
-172 dBc/Hz on the floor

* Extraordinary Low ADEV

*GPS

e Radar

FREQUENCY
CONTROLS, INC.

Your Silent Partner®

98

Applications
¢ |[nstrumentation ADEV

* COTS/Dual use
* Telecommunication Systems

der various operating conditions. For measurements
that do not require high dynamic range, an amplified
noise source can be used with a spectrum analyzer
to characterize the frequency response of amplifiers,
attenuators, isolators and devices where low inser-
tion loss and relatively flat frequency responses are
common characteristics. Such a test system can be
used with a pair of transmit and receive antennas to
measure the reflectivity of surfaces or the attenuation
of signals through materials without requiring a costly
tracking signal generator or low loss mmWave trans-
mission lines.

mmWave noise sources have many potential uses in
systems, ranging from built-in test equipment in radar
and communication receivers to laboratory instrumen-
tation. By combining excellent ENR flatness with com-
pact, flexible and cost-effective packaging, Eravant’s
-02 and -0T2 series of noise sources help mmWave sys-
tem developers cover more spectrum using less equi+o-
ment. Standard coaxial connectors and Uni-Guide
waveguide connectors made the compact noise sourc-
es more cost-effective by sharing the same package
designs to support component and system testing from
0.5 to 67 GHz.

Eravant
Torrance, Calif.
www.eravant.com

10 MHz Output Frequency

100 100
Offset Frequenc,

Contact Us Today www.nelfc.com
262.763.3591 | sales@nelfc.com
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REGISTER
NOW

Register online at:

www.eumw2021.com
The Conferences (2nd - 7th April 2022)

e European Microwave Integrated Circuits Conference (EuMIC)
3rd - 4th April 2022

e European Microwave Conference (EuMC) 4th - 6th April 2022
e European Radar Conference (EURAD) 5th - 7th April 2022
e Plus Workshops and Short Courses (From 2nd April 2022)

e In addition, EUMW 2021 will include the Defence, Security and
Space Forum, the Automotive Forum and the 5G and Beyond Forum

The FREE Exhibition (4th - 6th April 2022)

Register today to gain access to over 300 international
exhibitors and take the opportunity of face-to-

face interaction with those developing the future FREE
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features exhibitor demonstrations and industrial ALY

workshops.
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European Microwave Association
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The 16th European Microwave

S The 51st European Microwave Conference
Integrated Circuits Conference

The 18th European Radar Conference
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Real-Time
Spectrum Analyzer
For Field Testing 4G
and 5G FR1 and FR2
Signals

EXFO

Montreal, Canada

G requires the installation and de-

ployment of many new cell sites

and small cells. All must be turned

on quickly so operators can deliver
5G services and earn new revenue. As they
move to 5G, operators need to support,
maintain and test both the new and exist-
ing wireless technologies, e.g., 3G, 4G/LTE
and 5G NR. At the same time, new bands,
cell densification and 5G innovations—
beamforming and massive MIMO, mmWave
spectrum and CBRS and C-Band—make the
RF environment complex to navigate for op-
erators and field technicians. Unresolved, RF
issues will impact network capacity, quality
of service, the subscriber ex-

perience and revenue.

All this results in signifi-
cant operational challenges
and the need for new and
innovative test capabilities.
To get the most from their
investment, operators need
field-focused RF testing that
scales and adapts as net-
works change. To address

A Fig. 1 The 5GPro Spectrum Analyzer

this requirement, EXFO ap-

measures the FR1 and FR2 bands and is plied its field-focused exper-

field upgradeable.

100

tise to RF testing and creat-

ed an innovative, modular solution that will
adapt as networks transform.

5GPro Spectrum Analyzer

The 5GPro Spectrum Analyzer is the first
field technology optimized, scalable RF
spectrum analyzer (see Figure 1). Balanc-
ing functionality and portability in a com-
pact design for accurate over-the-air (OTA)
measurements, it's the only modular, RF test-
ing solution that provides accurate visibility
into 4G/LTE and 5G NR environments. This
single, field-upgradable solution has the ca-
pability to analyze both the FR1 (i.e., sub-6
GHz) and FR2 (mmWave) bands. Designed
specifically for field technicians—with sim-
plicity-of-use in mind—the 5GPro Spectrum
Analyzer enables users to easily identify and
resolve issues and close out jobs faster. The
key features and benefits of the 5GPro Spec-
trum Analyzer are:

e First field-upgradable RF test system,
meaning no downtime for factory up-
grades

e The industry’s only modular RF testing so-
lution, with the option to start with FR1
and add FR2 as requirements change

* “Smart” graphical interface simplifies RF
testing and saves time

MWJOURNAL.COM M MARCH 2022
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BESSER
ASSOCIATES,

The Worldwide Leader in RF and Wireless Training

RF Technology Certification
Next Session Starts Soon! - Online

Register Now!

Applied RF Engineering 1
Next Session Starts Soon! - Online

Applied RF Engineering 2
Next Session Starts Soon! - Online

RF Mentor Academy Subscription
Start Anytime, On Demand - Online

RF Design Fundamentals and Wireless System Techniques
Start Anytime, On Demand - Online

RF Power Amplifiers and GaN Technology
Part of RF Mentor Subscription, On Demand - Online

RF Wireless Circuits, Systems and Test Fundamentals
Part of RE Mentor Subscription, On Demand - Online

RF Power Amplifier Design Techniques
Please visit our website for the latest schedule

5G Radio Systems and Wireless Networks
Please visit our website for the latest schedule

Radio Systems: RF Transceiver Design - Antenna to Bits & Back
Please visit our website for the latest schedule

Corporate Training Services

Besser Associates can provide our online and traditional classroom
courses exclusively for your team. Our instructors can present
almost any course from our full catalog at your domestic or
international location. Contact us for more details!

On-demand courses
available online. Start -
Anytime! Visit our
website for details.

Besser Associates
‘W MRE Technology
"W certification..

www.besserassociates.com info@besserassociates.com
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< Fig. 2 3D spectrogram in the RTSA
mode.

® Real-time spectrum  analysis
(RTSA) bandwidth to 100 MHz,
with 5G NR demodulation and
beamforming analysis, time-di-
vision duplexing (TDD) and LTE
signal analysis

® Integrated with the cloud for
centralized management of the
workflow and sharing results.

CAPABILITIES

RTSA — The 5GPro Spectrum
Analyzer provides RTSA, enabling
continuous acquisition of RF signals
with 100 MHz of analysis bandwidth.
Quick characterization of wireless
signals and detection of intermittent
interference is possible with the com-
bination of the RTSA persistence and
spectrogram views (see Figure 2).

The 5GPro Spectrum Analyzer
brings innovation and intelligence to
RF testing with a smart user interface
featuring built-in expertise and pat-
ent-pending features like intelligent
peak detection and Snap-to-Peak
(see Figure 3). With Snap-to-Peak,
field technicians can use the touch
screen to identify interferers through
a moveable window, enabling them
to search for the highest amplitude
interferer and attach a marker.

5G NR Signal Analyzer — A 5G
NR signal analyzer application de-
modulates 5G NR signals to validate
the OTA performance of cell sites,
helping ensure the communica-
tions link with user equipment (see
Figure 4). The application provides
beamforming metrics, analyzing up
to 64 beams and displaying the 12
strongest beams with their corre-
sponding power measurements.

TDD Gated Sweep — TDD is a
transmission technique where the
uplink and downlink signals are
transmitted on the same frequency
and use independent, synchronized
timed intervals. Both spectrum and
interference analysis of TDD signals
require a measurement technique
called gated sweep. It facilitates visu-
alization of the uplink and downlink
spectrum by displaying data within a
specified range of timeslots.

4G/LTE Analysis — The LTE signal
analyzer demodulates 4G/LTE signals
to validate the OTA performance of

MWJOURNAL.COM ® MARCH 2022
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A Fig. 3 Snap-to-Peak feature.

cell sites and provides key metrics: sector and group ID,
physical cell ID (PCl), duplexing mode (frequency or time),
RSRP (dBm), RSRQ (dB) and RSSI (dBm).

A SINGLE, COMPLETE TEST SOLUTION

EXFO's 5GPro Spectrum Analyzer is available on the
FTB 5GPro Test Kit for a complete all-in-one solution to
validate 4G and 5G networks. The FTB 5GPro also sup-
ports fiber inspection and characterization, CPRI/eCPRI/
O-RAN, RF spectrum analysis over CPRI (iORF), Ethernet
(up to 100G) and timing and synchronization with a high
accuracy GNSS receiver, making it 90% faster to validate
timing accuracy. EXFO's comprehensive solution reduces
the number of devices field technicians must carry, speed-
ing jobs and reducing the total cost of ownership for op-
erators and contractors.

A Fig. 4 5G NR demodulation with beam and signal analysis.

There is much more to 5G than increasing the speed
of the network. 5G promises revolutionary uses cases
that will change the way mobile networks are imple-
mented and used by society. Understandably, this new
world brings different challenges in installing, operat-
ing and maintaining networks. Operators will require
innovative processes and tools to test existing and new
technologies and be flexible and scalable to handle
what comes next. They must be portable and easy to
use, so field technicians and contractors can do more in
less time and at a lower cost.

EXFO

Montreal, Canada
bit.ly/5GProSpectrumAnalyzer
1-800-663-3936

44th Annual Meeting and Symposium of the Antenna Measurement Techniques Association

___\:_"~"‘- “\

AMTA 2022

DENVER, COLORADO

AMTA 2022

October 9 - 14,2022
DENVER, COLORADO

Call for Papers Opens March 1!

The Antenna Measurements and Techniques
Association’s (AMTA) 44th Annual Meeting and
Symposium will be taking place October 9 - 14 in
Denver this year, co-hosted by the National Institute
of Standards and Technology (NIST) in association
with the National Voluntary Laboratory Accreditation
Program (NVLAP), and the Colorado School of Mines.

For more information, please visit
the AMTA 2022 website.

2022.amta.org

We invite authors to submit a 250-350 word abstract
addressing antenna measurement advancement and
innovation for review and possible presentation at
the symposium.

Deadline for submission: May 1

Email notification of acceptance: June 7

Manuscript submission deadline: July 24

Hosted by Co-Hosted by

NIST

COLORADO:SCHOOLOFMINES

EARTH &« ENERGY &« ENVIRONMENT
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TechBrief

amagawa Electronics has
developed a multi-channel
mmWave up- and down-
converter module  for
prototyping and testing 5G beam-
forming. The MMCX module cov-
ers 27.5 to 28.5 GHz with 1 GHz
instantaneous bandwidth and an
IF frequency of 3 GHz. It interfaces
with up to 32 antennas. Both analog
and digital beamforming are used
to create the beams, and both can
be used simultaneously. The analog
beamforming module controls from
four to 32 systems, and the digital
beamforming module supports up
to eight. The module requires an
external 10 MHz sync signal and
supports GPS synchronization.
With a nominal IF input to the
MMCX of =20 dBm, the RF out-
put power at the antenna port is

28 GHz Multi-Channel
Up-/Down-Converter
Module For 5G Prototyping

+5 dBm with approximately —33 dB
adjacent channel power ratio, which
will support 256-QAM modulation.
A multi-antenna array will generate
approximately 2 W EIRP. Tamaga-
wa minimized the heat dissipation
of the module by integrating the
circuitry to reduce the number of
components, which also improves
performance and reliability.

The antenna connectors are lo-
cated on the front of the housing,
and the outputs are co-located
with the antenna connectors and
selected via relay. The right side of
the unit contains the connectors for
controlling the transmit and receive
signals and beamformer settings.
Eight ports for the up- and down-
converter IF signals are located on

SPAGE TECH EXPO USA

the back of the module.

Tamagawa Electronics plans to
extend the digital beamforming ca-
pability to add a software-defined
radio (SDR) for beamforming. The
SDR will be programmed with pre-
defined antenna patterns as well
as supporting custom beams. The
MMCX was designed to be custom-
izable, so unique customer require-
ments can be accommodated.

Tamagawa Electronics’ multi-
channel mmWave up- and down-
converter module provides a flex-
ible and convenient system for
prototyping and testing 28 GHz
phased array antenna systems.
Tamagawa Electronics
Ayase, Japan
www.tmele.jp/en2020/

LONG BEACH, CALIFORNIA, USA

DISCOVER THE FUTURE OF THE AEROSPACE INDUSTRY
AT THE 10™ EDITION OF SPACE TECH EXPO USA

THE LATEST IN MARKET OPPORTUNITIES AND KEY TECHNOLOGY
DEVELOPMENTS FROM THE INDUSTRY'S LEADING EXPERTS

CUTTING-EDGE TECHNOLOGICAL INNOVATIONS, PROBUCTS, AND
SERVIGES FROM ACROSS THE SPAGE INDUSTRY SUPPLY CHAIN

A 360° VIEW OF THE TECHNOLOGICAL SPACE MARKET TO IMPLEMENT THE

MANUFACTURE OF SECURE, RELIABLE, AND SUSTAINABLE SPAGECRAFT

VALUABLE BUSINESS CONNECTIONS
WITH INDUSTRY PEERS

*MAY 23: INVITE-ONLY PREVIEW
MAY 24-25: EXHIBITS & CONFERENCE
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REGISTER
FOR FREE

WWW.SPACETECHEXP0.COM
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TechBrief

ccording to Morion, the
MV336R oven controlled
crystal oscillator (OCXO)
is the only 10 MHz refer-
ence optimizing temperature sta-
bility, Allan deviation (ADEV) and
phase noise. The temperature sta-
bility is 2 x 10-1! across the -20°C to
+70°C range, ADEV is 7 x 10-4 over
1 s and phase noise is less than -124
dBc/Hz at 1 Hz offset. ADEV at 10
and 100 s can be specified at 2.5 x
10-13 and 4.5 x 1013, respectively.
Frequency stability over tem-
perature influences ADEV measure-
ments for longer than 3 s intervals.
By minimizing the temperature
influence on the oscillator, the
MV336R enables precise and reli-

>

Key Sensor Capabilities
for Precision Timing in
5G TDD Networks

Pl

Product features from

Spectrum Instrumentation,
Eravant & EXFO
INTY
\

\Q 3
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10 MHz OCXO Optimizes
Temperature Stability,
ADEV and Phase Noise

able measurements of ADEVs for
10 to 100 s. Frequency stability
with temperature is caused by the
temperature dependence of the in-
dividual components in the design:
ovens, capacitors, inductances and
transistors. With thermal modeling,
Morion used various circuit and de-
sign approaches to significantly re-
duce the influence of these factors
on frequency stability.

Studies of the surface state and
optimum power dissipation in a
crystal and their influence on close-
in phase noise led to a special treat-
ment of the crystal blank’s surface.
This enabled the OCXO's phase
noise and ADEV performance,
with significant improvement in the

Catch up on the latest industry news with the bi-weekly

video update Frequency Matters from Microwave Journal
@ www.microwavejournal.com/frequencymatters

- ~ = v
r aM'

phase noise at 0.1 Hz offset. It is
now specified at -94 dBc/Hz.

The MV336 R is free running with
a sine wave output; PLL compatible
units are available. The OCXO is bi-
ased with a 12 V supply and assem-
bled in a 92 x 80 x 50 mm package.

Morion, based in Saint Peters-
burg, Russia, has developed quartz
devices, from blanks to precision
OCXOs, since 1930. Morion US is
an independent California corpora-
tion serving the American market.

Morion US, LLC

San Jose, Calif.
WWwWw.morion-us.com
jmeyers@morion-us.com

Mich,wave
Journal

Frequency Matters.

Mobile Network Testing
of 5G NR FR1 and FRR
Networks

Test EMC Compliance
Faster Using Accelerated
Time Domain Scan
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JOIN US...

EUROPEAN MICROWAVE WEEK 2022

MILANO CONVENTION CENTRE (MICO),
MILAN, ITALY

25TH - 30TH SEPTEMBER 2022

THE 25TH EUROPEAN MICROWAVE WEEK COMBINES:

* The European Microwave Conference (EuMC)
* The European Microwave Integrated Circuits Conference (EuMIC)
» The European Radar Conference (EuURAD)

PLUS:
* Workshops, Short Courses and Special Sessions
» The Defence, Security and Space Forum

* The Automotive Forum

* The 5G and Beyond Forum

» Student Activities

» The European Microwave Exhibition

Organised by: Supported by: Co-spons by Co-sponsored by:
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European Microwave Association

%% EUMIC
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525URO,,EAN CONFERENCE Q] 022
MICROWAVE

The 52nd European Microwave Conference
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The 19th European Radar Conference

Co-sponsored by:

INTERESTED IN EXHIBITING?
CALL +44(0) 20 7596 8742 OR VISIT WWW.EUMWEEK.COM
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Automotive Pulse
Test Solution

We often introduce technology, which can negatively
affect automobile electronics. Learn about EMC stan-
dards to test electronic components and whole vehicles
within the automotive industry.

AR RF /Microwave Instrumentation

https:/ /bit.ly /3ekfVFT

Intelliconnect (Europe) Ltd. launched
a new website offering visitors easier
navigation, improved search facilities, a
“Quote Basket,” and a new chat facility to
assist with sales and technical questions.

Choosing an LNA
for your Receiver
Front-End

Mini-Circuits
https:/ /blog.minicircuits.com /choosing-an-
Ina-for-your-receiver-front-end /
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Guerrilla RF announced it has collabo-
rated with Adobe to deploy its award-
winning web applications development
platform, ColdFusion, within Guerrilla
RF’s web development workflow.

Creators and founders of Millibox, Jean-Marc Lau-
rent and Chinh Doan, talk with Microwave Journal
Editorial Director, Pat Hindle, about their low-cost,
desktop mmWave test chamber with flexible software
and 3D positioners.

Millibox 2 MillBox
https:/ /bit.ly /330LbeR

Modelithics announced the release of version 21.9
of the Modelithics COMPLETE Library for Sonnet
Suites. This new release includes the addition of 23
new models as well as compatibility with the latest
version of Sonnet (v18).

MWJOURNAL.COM m MARCH 2022
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DSP for Wireless Communications Apri/ 7
DSP for Software Radio #ay 37
Python Apps for Digital Design & Signal Processing September 13

Neural Networks
Intro to Practical Neural Networks & Deep Learning March 19
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IEEE Wireless and Microwave Technology Conference

Marriott Sultes on Sand Key

JOI April 27-28, 2022

WAMICON 2022 will be held in Clearwater Beach, Florida
on April 27-28, 2022. The conference addresses
interdisciplinary aspects of wireless and RF technology.

Technical Program Focus:

Visit www.wamicon.org for complete details.
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MAKIN GWAVES

Signal Hound recently updated its flagship
Spike software to include LTE Analysis Mode.
The addition of an LTE utility to the core
spectrum analysis software package, Spike,
aligns with Signal Hound’s commitment to
provide unrivaled value in the test equipment
industry.

Web Update with
New Digitizers

https:/ /spectrum-
instrumentation.com /products /
digitizer /pf_pci.php

D. SV Microwave offers fixed length RF cable

assemblies using its most flexible J.047”
cable yet. This super flexible coax cable
is capable of extreme bends which allow it to fit in tight
spaces and route for any application.
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WHERE THE CHIP MEETS THE BOARD Santa Clara, CA

The Nation'’s Largest Event for Chip,
Board & Systems Design Engineers

Created by engineers for engineers, North America’s largest chip,
board, and systems event, DesignCon 2022, returns to Silicon Valley.
This annual event brings together designers, technologists, and
innovators from the high-speed communications and semiconductor
communities for three jam-packed days of education and activities.

DesignCon is a must-attend opportunity to share ideas, overcome
challenges, and source for designs. Join DesignCon at the Santa
Clara Convention Center April 5-7, 2022!

Education Expo

* DesignCon’s 14 Track * 3 Keynote Presentations open to all
Technical Conference attendees

* Drive World Conference * Free Education at Chiphead Theater
Track

* Expo Hall with Leading Suppliers
* Embedded loT World

. ° i
Sessions Interactive Demos

* Access to Exclusive Content
Pre-And-Post-Event

* Expert Speakers

835520501_DC_SJ22

N\

Save 15% on conference
registration or receive a free
expo pass with code MJH

Host Sponsor:

Amphenol

Register at

QF) informamarkets DESig nCon.com



NEW PRODUCTS

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

COMPONENTS

100 V Surge Stopper
J)VENDORVIEW

The LTC4381 low quiescent current surge
stopper protects loads from high voltage and
high current transients by clamping the gate
voltage of an internal MOSFET (with
guaranteed safe operating area) to limit the
output voltage to a safe, well-regulated value
during overvoltage events, allowing loads to
sustain continuous operation during such
surge events. The LTC4381 replaces
traditional shunt circuits—typically composed of bulky inductors,
capacitors, transient voltage suppressors and fuses—with a small
7 x 5 mm 32-lead DFN package.

Analog Devices

www.analog.com

Power Divider

YVENDORVIEW

The FMDV1053 from Fairview Microwave is a
i | 1« two-way Wilkinson power divider that
operates from 350 MHz to 6 GHz. The power
divider has an insertion loss of 0.8 dB and
provides over 20 dB of isolation. This divider is available in a

FREQUENCY
GONTROL
PRODUCGTS

Quartz Crystal Technology GmbH

75 YEARS OF EXPERIENCE

Waibstadter Strasse 2 - 4 | 74924 Neckarbischofsheim (GER)
Phone: +49 7263 648-0 | Fax: +49 7263 6196
Email: info@kvg-gmbh.de | www.kvg-gmbh.de
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module that measures 1.89 x 0.79 x 7.64 in. with SMA female
connectors and is ideal for use in communication systems, amplifier
systems, amplifier power dividing, aerospace/aviation and defense
applications.

Fairview Microwave

www.fairviewmicrowave.com

Directional Coupler

VENDORVIEW

KRYTAR Inc., a leader in the design and
production of ultra-broadband microwave
components and test equipment, announces
the expansion of its line of directional
couplers with the addition of a new model
offering 30 dB of nominal coupling over the
frequency range of 26.5 to 40.0 GHz
(Ka-Band), in a compact and lightweight package. The new directional
coupler lends itself to wireless designs and many test and measure-
ment applications within K-Band. Ka-Band is typically used for
commercial and military satellite communications (satcom).
KRYTAR Inc.

www.krytar.com

High Performance Transformer

The MRFXFO835 is a new high performance
75 ohm 1.8 GHz BW balun with 20 dB RL
with only 0.5 dB typical insertion loss. Most
transformers performance drop at 1.2 or 1.5
GHz but MiniRF has hit the mark out to 1.8
GHz with its new MRFXFO835. Remarkedly, it
is also designed to handle large RF signals to
minimize any linearity concerns. All of this in
the industry standard .150 x .150 S20 package.

MiniRF

www.minirf.com

Capacitors
Traditional high Q low ESR 0505 (0.055" x
0.055") MLCC'’s for UHF/microwave RF power
amplifiers, mixers, oscillators, filter networks,
low noise amplifiers and timing circuits and

i
’9
~
delay lines. These capacitors are available in

'_._'m,,_ two dielectrics (P90 or NPO); three different

+ terminations: magnetic (100 percent Sn - sol-

ERRATUM

In the January 2022 issue, the following changes should be
made to the article Single Antenna Measurement Using Image
Reflection:
1. On Page 95, Equation (9):

Ty=1.128e* +/f-1 Where f is in GHz.

2. On Page 98, change the two lines above Equation (22) to
read as follows: “Ignoring edge diffraction, the forward S,4
vector will add to the reflected S,; by a factor proportional
toL % where W is the width or height of the reflector and L is
the path length. The relationship can be expressed as”

3. On Page 100, Equation (23): Sy4= S;; — kL %

4. On Page 100, Equation (24): k=(S5; — 821)%

5. On Page 102, Reference 4: Change M. H. Hillbun to M. D.
Hillbun.
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CUSTOM FREQUENCY SOURCE
INSTRUMENTS

Superior Per
than Vr-llidb|(—‘

der over nickel plating), non-magnetic (100
percent Sn - solder over copper plating) and
tin/lead (90 percent Sn 10 percent Pb - sol-
der over nickel plating); and are designed
and manufactured to meet the requirements
for MIL-PRF-55681 and MIL-PRF-123.
Passive Plus Inc.

www.passiveplus.com

Quarter-Wave Surge Protectors e 2 o o o
J)VENDORVIEW e

NNNNNNN
The PE73SP1070 is a o

2> " quarter-wave surge
-~ protector that
-
% ’ MHz to 4 GHz. The
surge protector is

operates from 555
designed using a quarter-wave stub design

to provide repetitive strike protection for ® ULN or Golden Phase Noise Performance

critical hardware while maintaining RF ® Excellent Spectral Purity

performance. The surge protector is ideal " : .

for CBRS networks, cellular, distributed *1U tQ 8U, 19" Rack Moum Conflgu_rat:ons

antenna systems, emergency response * Provides Only the Fixed Frequencies Needed

systems and public safety systems * Specify Number of Outputs and Levels

appications. * Specify Connector Type and Logations on Panel

www.pasternack.com * Low Noise Power Supply and/orVoltage Regulators
* And Many Other Customized Options!

Absorptive Switch y P

GVENDORVIEW “Quietly the Best”

PMI model no.

P2T-2G18G-60-T-SFF- For mons infa & s
P s & single-pole, WENZEL ASSOCIATES, INC P 512 835 2038

two throw, absorptive 2215 Kramer Lane, Austin, Texas 78758 E: sales@wenzel.com

www.wenzel.com
switch that operates
over the 2 to 18 GHz
frequency range with
a maximum insertion loss of 3 dB; a
minimum isolation of 60 dB; input power,
+30 dBm maximum (survival) and +20 dBm
maximum (operating), VSWR in/out 2.0:1
maximum, phase matching 5 degrees
maximum and switching speed of 100 ns
maximum. This model is outfitted with SMA
female connectors in a housing measuring
1.00” x 1.00” x 0.40".
Planar Monolithics Industries
www.pmi-rf.com

High-Power 3 dB 90-Degree Hybrid
Couplers

P17y 4

RLC Electronics has
released its latest
500 W cW 3 dB,
90-degree hybrid
coupler, which
operates from 1 to 2
GHz. The device
offers low loss (< 0.5 dB), return loss > 20
dB and high isolation, all while withstanding
high average power requirements. Typical
applications include power amplifiers, mixers
and modulators. RLC can support hybrid
coupler requirements up to 40 GHz. These

Traveling Wave Tu Amplifr
COMPACT COMMERCIAL SERIES

innovation, quality service and specialized
one-on-one approach by our team of expert
engineers. With over 30 years experience

in the industry, Quarterwave's Traveling

— FEATURES:

Low Noise, High PRF
Available for Rugged applications
Increased durability

i

b

devices are used either to equally split an
input signal into two paths with a 90-degree
phase shift between them or to combine two
signals while maintaining high isolation
between them.

RLC Electronics

www.rlcelectronics.com

MW]JOURNAL.COM m MARCH 2022

Improved cantrol system

Optional touch-screen interface
High-powered for pulsed CW operations

Fully customizeable

Wave Tube Amplifiers (TWTAs), High

Voltage Power Systems, and Microwave
Tube testing equipment has proven to be
unbeatably reliable and versatile.

m

k

Quarterwave Corporation, 1500 Valley House Dr. #100, Rohnert Park, CA 94928
Quarterwave.com | T.1(707)793-9105 | F.1(707)793-9245 | Sales@quarterwave.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

¥ High power RF amplifiers
and broadband power
amplifiers

# AF isolators and
circulators

¥ High power coaxial and
waveguide terminations

# High power coaxial
attenualors

¥ PIN diode power limiters

¥ Active up and down
converters

Wenteq Microwave Corporation
138 W Pomona Ave, Monrovia, CA 81016
Phane: (626) 305-6666, Fax: (626) 6023101
Email; sales@wenteq com, Website: www.wenteq.com

9,900+ RF CONNECTOR
AND ADAPTER DESIGNS

(A A
P e L nd
@ ® P43
Q."’%%.%‘\

CUSTOMRFCONNECTORS.COM
812.526.8601

L AR P

— UU"MGI:IIU"II:D
—

THE ANSWER TO YOUR R CONNECTOR SEARCH.

_ ES MICROWAVE LLC.

Since 1985 we have offered our custom
design filters and sub-assemblies in
combline, interdigital and
ded-substrate technologies.

Broadband susp

Suspended-Substrate
Filters, Diplexers, Triplexers, Quadruplexers,
Quintuplexers, Sextuplexers...

-

DC-40 GHz Filters
Multiplexers &
Switch Filter Banks

ES Microwave, LLC

8031 Cessna Avenue, Gaithersburg, MD 20879
P: 301-519-9407 F: 301-519-8418
Www.esmicrowave.com
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CABLES & CONNECTORS

mmWave Cable Assemblies

Y)VENDORVIEW

The 110 GHz
mmWave cable
assembly is built with
1.0 mm precision
male connectors and
phase stable low loss
cable, its featured on low loss, low VSWR,
high shielding effectiveness and excellent
phase stability over both flexure and
temperature, as well as mechanical and
electrical stability and consistency, it's
the ideal choice for the high frequency
mmWave applications up to 110 GHz.
Fujian Micable Electronic Technology
Group Co., Ltd.

www.micable.cn

AMPLIFIERS

RF Amplifier
Y)VENDORVIEW

The AMP2024A-1 from Exodus Advanced
Communications is a RF amplifier with
frequency 80 to 1000
MHz, power gain 52
dB, gain flatness 3
dB, P1dB 50 to 51.76
dBm, P1dB 100 to 150 W. Tags: benchtop/
rackmount, power amplifier.

Exodus Advanced Communications
www.exoduscomm.com

Solid-State Power Amplifiers

7 Kratos General
Microwave’s cutting-
edge, field proven
solid-state power
amplifiers (SSPAs) are

- designed and built for

the harshest environment conditions,

including hostile temperatures, shock,
vibration, moisture, altitudes and G-forces.

The custom and off-the-shelf SSPAs in

X-Band and Ku-Band, utilize the latest GaN

and GaAs technologies and provide high

power density in a compact footprint to
meet critical space and weight requirements
in high frequencies. All of our SSPAs can be
supplied to meet the most stringent
environmental requirements.

Kratos General Microwave

www.kratosmed.com

High-Gain Amplifier
)VENDORVIEW
Mini-Circuits’ model
== a ZVE-453+ coaxial
. amplifier powers 18
o - to 45 GHz running
= o ? on a single supply of
- +10 to +15 VDC.
Typical gain is 32 dB
from 18 to 30 GHz and 34 dB from 30 to
45 GHz, flat within +2.5 dB. The RoHS-
compliant 50 Q amplifier handles as
much as +7 dBm input power and
provides at least +27 dBm output power
at 1 dB compression. It measures 2.86 x

1.73 x 0.68 in. with female 2.4 mm
connectors.

Mini-Circuits

www.minicircuits.com

Modular Amplifier
\T/\/ENDORVIEW

RFMW announced
= design and sales
\g: support for a high
== power amplifier
module from Elite RF.
The MB1.08.0G404828 incorporates
advanced, state-of-the-art, GaN on SiC
technology to deliver 10 W of saturated
power from 1 to 8 GHz with a P1dB of 4 W.
Biased class AB, the amplifier provides 48
dB of gain and works in CW or pulsed mode
to support applications including electronic
warfare, commercial and military radar,
jammers, satcom, mobile infrastructure,
scientific, medical and laboratory use.
RFMW
www.rfmw.com

SYSTEMS/SUBSYSTEMS
mmWave Repeater
WilsonPro’s Enterprise
1337R is the first
repeater engineered
to extend C-Band
frequencies and amplify 5G in buildings. The
Verizon and AT&T-compatible repeater
operates at 3.7 to 3.8 GHz. With time
division duplex technology, it automatically
synchronizes to the carrier network ensuring
reliable coverage. The ideal repeater for
amplifying C-Band, the Enterprise 1337R
requires no additional backhaul, data plan
or recurring fees, and includes secure
remote management.
Wilson Electronics
www.wilsonelectronics.com

SOURCES

Clock Oscillator

The Y1631 XO is
available from 60 to
130 MHz and offers
excellent phase noise
performance of + 120
dBc/Hz at a 100 Hz
offset (frequency: 100 MHz) and frequency
stability vs. temperature of +15 ppm (-20°C
to 70°C). The Y1631XO features a rugged,
17.3 mm square package, Sinewave output
and ultra-low acceleration sensitivity of

< 0.09 ppb/g. Power supply is 5.0 VDC.
Environmentals: random vibration per
MIL-STD-202, method 214 and shock per
MIL-STD202, method 214.

Greenray Industries Inc.
www.greenrayindustries.com

Lucid RF Signal Generators

9 kHz to 12 GHz, 100
ys tuning times and
up to four indepen-
dent outputs. +15
dBm maximum power
makes the LS1291D
module great for driving mixers, chamber
isolation measurements are easy with the

MW]JOURNAL.COM ®m MARCH 2022



NewProducts

portable LS1291R and the multi-channel LS1294B/R eliminate the
need for finding multiple signal generators in the lab for mixer, ADC
and intermodulation measurements. Plus, easy credit card
purchasing and delivery starting at one day.

Tabor Electronics

www.taborelec.com

Frequency Source

The Z-COMM CRO05445X2-LF provides a
crystal-clear signal source at 5445 MHz for
demanding T&M applications. Phase noise of
-105 dBc/Hz at 10 KHz provides the ideal low
noise solution as a local oscillator. The tuning
range of 5440-5455 MHz is covered by 0.5 to
4.5 VDC, with harmonic suppression of -30
dBc typical. Current consumption is just 24 mA from a 5 Vcc supply.
Industry standard 0.5 x 0.5 in. SMT package, available on tape and
reel, supports automated production lines.

Z-Communications

www.zcomm.com

ANTENNAS

W-Band Antenna
\)VENDORVIEW

Model SAY-9239634507-10-U5 is a Casseg-
rain antenna with nominal gain of 45 dBi and
half-power beam width of 0.7 degrees from
92 to 96 GHz. The input port is WR-10
waveguide with a UG-387/U-M flange. The
antenna supports linear polarization for indoor
and outdoor applications. By removing the
mode transition, the input port becomes a
0.094” diameter circular waveguide that supports both linear and
circular polarizations.

Eravant

www.eravant.com

Omni Transparent Antenna

The omni transparent antenna is produced by
a new nanomesh technique. This allows an
operation frequency range from 617 MHz to 6
GHz with a transparency of 95 percent. No
cover reduces also less carbon emission and
the antenna can be used up to 1 W maximum
power. The wide application area enables also
integrated designs inside windows. Sensorview offers high-end RF
and mmWave antennas that are ideally designed to increase overall
efficiencies in 5G network infrastructure, wireless devices, as well
as test and measurement.

Sensorview GmbH

www.sensor-view.com

TEST & MEASUREMENT

Arbitrary Function Generator

The SDG7000A is Siglent’s next-generation
arbitrary function generator. This feature-rich
instrument can satisfy all basic needs but
also allows to tackle special applications. 1
GHz bandwidth, 500 Mpts memory, high

{ output voltage, differential outputs, optional
16 digital channels and optional 150 MHz
1Q-Modulation bandwidth are just the
highlights. It also features sequencing for playback of up to 1024
waveform segments and a maximum voltage of 48 Vpp. The
well-thought-out and intuitive operating concept seamlessly increase
lab efficiency.

SIGLENT Technologies Germany GmbH

www.siglenteu.com
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The information you need, from industry experts
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Altair

Delivering Superior High-Frequency
Electromagnetic HPC Simulations

nokiwave

mmW Solutions. Enabling a new world

mmW 5G for Everyone - a New Ecosystetn for
Global Technology

rf/microwave instrumentation

How Will 5G Development Impact EMC
Susceptibility Testing?

KEYSIGHT

TECHNOLOGIES

eBook: Four Functions that Enhance
Your Network Analysis

Improving Cross Polarization Discrimination ina CATR

I[EEE 502.11be Technology Introduction

Debugging Conducted Emissions with
Oscilloscopes Made Easy
Check out these new online Technical Papers
featured at MWJournal.com

Micr@?jwave :
Journal
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THE FIBER-OPTIC GYROSCOPE

The Fiber-Optic Gyroscope,
Third Edition

Hervé Lefévre

This landmark work—considered by
many in the field to be THE reference
on fiber-optic gyroscopes (FOGs)—pro-
vides you with a complete and thorough
system analysis of the FOG and remains
unmatched by any other single source.
Now in its third edition, this fully updated
and authoritative book gives you access
to all the details you need to know about
optics, single-mode fiber optics and in-
tegrated optics to fully grasp the design
rules of the FOG, helps you understand
the concepts that have emerged as the
preferred solutions to obtain a practical
device, walks you through the advances
that have occurred in the last five years
since the previous edition was pub-
lished and how they are implemented
in the current FOGs. This third edition
features new content on Allan variance,
testing with optical coherence domain
polarimetry, the Shupe effect and rare-

Anechoic Range
Design for
Electromagnetic
Measurements

.-N

Anechoic Range Design
for Electromagnetic
Measurements

Vince Rodriguez

Copyright: 2019 Pages: 416
ISBN: 978-163081-537-0

$169 / £139

Earth doped fiber ASE sources. This is a
must-have reference for anyone working
with FOGs, from students and academ-
ics learning about the device, to opto-
electronics engineers and professionals
needing to stay abreast of the current
concepts and most recent advances.

Introduction; Principle of the Fiber-
Optic Gyroscope; Reciprocity of a Fi-
ber Ring Interferometer; Backreflection
and Backscattering; Analysis of Polar-
ization Non reciprocities with Broad-
band Source and High-Birefringence
Polarization-Maintaining  Fiber; Time
Transience-Related Non reciprocal Ef-
fects; Truly Non reciprocal Effects; Scale
Factor Linearity and Accuracy; Recapitu-
lation of the Optimal Operating Condi-
tions and Technologies of the I-FOG;
Alternative Approaches for the I-FOG;
Resonant Fiber-Optic Gyroscope (R-
FOGQG); Conclusions.

Bookenc

Hervé Lefévre is chief scientific officer of
iXBlue in France. He earned his doctor-
ate in optics-photonics from the Univer-
sity of Paris-Orsay in 1979. His doctor-
ate research was performed at Thales
(formerly Thomson-CSF) Central Re-
search Laboratory and his thesis subject
was pioneering work on the fiber-optic
gyroscope.

978-1-63081-862-3

978-1-63081-863-0 * 500 pp.
$104 USD
£119 GBP

Artech House
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800-225-9977
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+44 (0)20 7596 8750

DISCOVER

THIS IN-DEPTH REFERENCE FOR THE
DESIGN OF ANECHOIC RANGES

} Imparts best methods for performing measurements
on different types of radiators, which are used in the
development of antenna technologies for wireless
communications, including 5G and Internet of Things

(loT).

Provides guidance on the required space and proper

design of indoor ranges for RF antenna measurements
and demonstrates the most effective procedures for
} taking accurate measurements.

Presents numerous examples and references, making
this book a prime resource for any practitioner that
uses or designs facilities for the measurement of

electromagnetic energy.
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ArtechHouse.com
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switches. That's an example of the complexity of the
switching systems developed by Fickering Interfaces,
a leader in modular signal switching for electronic test.

The Fickering story starts in the UK. in 1968, when
John Moore formed Fickering Electronics to build high-
quality reed relays for switching systems. Automatic
test equipment (ATE) became a large market for its
products and a source of significant growth. This led Keith
Moore, John's son, to launch Fickering Interfaces in 1968.
It was an intentional step up the supply chain to modular
switching systems. The first product, System 10, was a
3U system controlled via the General Furpose Interface
Bus (GFPIB). Many more products followed, mirroring the
evolving standards and form factors of modular test
systems, from GFIB to VXI, then PXI, LXl and USE.

In 2003, Pickering's first RF instrument modules were
released. Today, the company’s RF/microwave matrices and
multiplexers support the PXI, FCl and LXI standards, with
upper frequency coverage to 67 GHz. RF multiplexers use
reed relay, electromagnetic relay (EMR) and solid-state
switches, depending on the frequency and application. All of
Pickering's PXIRF products operating above 3 GHz are also
available in the higher bandwidth PXle format.

Fickering has an extensive catalog—more than 1,000
PXI modules and more than all the combined products
from its competitors—which reflects its willingness to
serve a customer’s unique needs. Fickering says it fits the
product to the customer rather than forcing the cus-
tomer to fit the product. Custom designs are added to
the catalog to be available to other customers or be the
starting point for a new custom design. Fickering is largely
vertically integrated, designing and manufacturing nearly
all the components used in its test systems. This capabil-
ity enables it to develop custom designs quickly.

Beyond the switching hardware, Fickering offers simula-
tion hardware to simulate sensors used for temperature,

122

H magine a switch matrix containing some 4,000 RF

altitude, strain and position. They also offer application
software and simulation tools to support customers
designing and implementing switching systems. Simulation
tools enable programming and testing system software
without the actual hardware. Drivers for LXI and PXI
systems are offered in all popular programming languages.
Applications cover test sequencing, switch path manage-
ment, diagnostic testing and cable design. Pickering also
offers a cable design and manufacturing service for compa-
nies wanting a turnkey solution.

Pickering stands behind its products, offering a three-
year warranty and supporting its systems for 15 to 20
years. This is important because of the longevity of most
ATE systems, particularly those used on military programs.
Fickering is active in the industry organizations that define
modular test standards, needed to ensure interoperabil-
ity among all companies’ products. Fickering joined the PXI
Systems Alliance in 1996 and the LXI Consortium in 2005,
chairing the LXI technical committee in 2007. Bob Stasonis
of Fickering served as president of the PXI Systems Alliance
twice, most recently from 2018 to 2021.

Pickering's headquarters is in Clacton-on-Sea in the
U.K., where it also designs and manufactures hardware.

A second manufacturing site is in Bystrice, in the Czech
Republic, which is also the hub for software development.
A global customer base and demand from multiple mar-
kets—automotive and transportation, aerospace and
defense, semiconductor manufacturing and RF—are fuel-
ing the company’s continued growth.

Pickering remains privately owned and singularly focused
on its mission to provide high-quality modular signal
switching systems. Its formula for success is to design,
deploy and sustain the customer throughout the ATE life
cycle. Whether high voltage, high current or high frequen-
cy—the toughest test challenges—Fickering aims to be
the preferred partner for ATE.
www.pickeringtest.com
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Model Type Frequency (MHz) Power (W CW) Coupling (dB) Insertion Loss (dB) Connectors Size (inches)
C8730 Dual 0.009-250 500 40 0.40 N-Female 10.5x3.0x20
C8731 Dual 0.009-250 1000 40 0.40 N-Female 10.5x3.0x2.0
C11462 Dual 0.009-400 500 40 0.45 N-Female 6.7 x2.28 x1.69
C8510 Dual 0.009-1000 500 40 0.45 N-Female 6.7 x 2.28 x 1.69
C5047 Dual 0.01-100 4,000 50 0.15 7/16-Female 10.0 x 4.16 x 3.5
C1979 Dual 0.01-100 10,000 60 0.10 LC-Female 20x6.0x4.5
C5086 Dual 0.01-250 250 40 0.50 N-Female 52x267x1.69
C5100 Dual 0.01-250 500 40 0.40 N-Female 10.5x3.0x2.0
C5960 Dual 0.01-250 1,000 50 0.40 N-Female 10.5x3.0x2.0
C1460 Dual 0.01-250 2,000 50 0.15 N-Female 10.0x3.0x2.0
C4080 Dual 0.01-250 3,500 50 0.20 N-Female 10.0x 4.6 x35
C11026 Dual 0.01-220 5,000 60 0.10 LC-Female 120 x6.0x 4.5
C8390 Dual 0.01-250 10,000 60 0.10 LC-Female 120 x6.0x 4.5
C5339 Dual 0.01-400 200 40 0.50 N-Female 52x2.67x1.69
Ce047 Dual 0.01-400 500 40 0.50 N-Female 52x2.67x1.69
C2630 Dual 0.01-1000 100 40 0.60 N-Female 50x20x151
C6021 Dual 0.01-1000 500 40 0.45 N-Female 6.7 x 2.28 x 1.69
Ce277 Dual 0.01-1000 500 50 0.45 N-Female 6.7 x2.28 x1.69
Cm4e Dual 0.01-1000 500 43 0.45 SC-Female 6.7 X 2.63 x2.20
Cno47 Dual 0.01-1000 1,000 43 0.45 SC-Female 6.7 x 2.63 x 2.20
Cimel Dual 0.01-1000 1,000 50 0.45 SC-Female 6.7 X263 x2.20
C1795 Dual 0.1-1000 100 40 0.50 N-Female 50x20x151
C5725 Dual 0.1-1000 500 40 0.50 N-Female 52x228x1.69
C1o77 Dual 0.1-1000 1,000 43 0.45 SC-Female 6.7 x2.28 x1.69
C3910 Dual 80-1000 200 40 0.20 N-Female 3.0x3.0x1.09
C5982 Dual 80-1000 500 40 0.20 N-Female 3.0x3.0x109
C3908 Dual 80-1000 1,500 50 0.10 7/16-Female 3.0x3.0x159
Ce796 Dual 80-1000 5,000 60 0.20 15/8" EIA 6.0" Line Section
C8060 Bi 200-6000 200 20 0.40 SMA-Female 1.8 x1.0x 0.56
C8000 Bi 600-6000 100 30 110 SMA-Female 4.8 x0.88x0.50
cionz Dual 700-6000 250 40 0.20 N-Female 2.0x20x1.06
C10364 Dual 700-6000 500 50 0.20 7/16-Female 215x2.0x1.36
C10996 Dual  700-6000 700 50 0.20 7/16-Female 215x2.0x136
CT11555 Dual 700-6000 1,000 50 0.20 7/16-Female 215x2.0x136
C10695 Dual 700-6500 500 50 0.20 7/16-Female 215x2.0x1.36

Werlatone, Inc.

17 Jon Barrett Road Patterson, NY 12563 845-278-2220 sales@werlatone.com www.werlatone.com
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CABLE ASSEMBLIES & CONNECTORS

MILLIMETER WAVE PRECISION RF SOLUTIONS for E-BAND APPLICATIONS

.047 low-loss flexible cable assemblies
(RF047-A Series)

Solder clamp cable connectors
(PRF13 Series)

Compression mount jack
(135 Series)

Threaded Coupling ¢ Superior Repeatability ® High Mechanical Stability
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RF and microwave components from Rosenberger
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and calibration applications. RF high precision
connectors, adaptors & devices, PCB connections,
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port cables — the precision and quality of Rosen-
berger test & measurement products have been
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Survey Confirms A Vibrant
Connectors/Cable Assemblies

Industry

ther than waveguide, connectors

and cable assemblies are prob-

ably the most mature category of
RF, microwave and mmWave compo-
nents. Yet connectors and cable assem-
blies do evolve, driven by performance
requirements for higher frequency and
higher power operation, low passive in-
termodulation (PIM) distortion, rugged
environments and shrinking system
size.

For this issue of Microwave Jour
nal’slongstanding Cables & Connectors
(C&C) supplement, we thought readers
would find a survey of manufactur
ers informative, to see how markets
are shaping these RF interconnects
and how the industry fared during the
pandemic. We invited 17 companies in
Europe and the U.S. to respond to our
questions; 10 did so: CAES, Gore, HAS-
CO, Maury Microwave, Mini-Circuits,
Molex, Pasternack, Samtec, Southwest
Microwave and SPINNER.

Our questions and company an-
swers follow. We've edited and consoli-
dated some of the responses to keep
the article concise and summarize
common themes.

HOW HAS DEMAND FARED
DURING THE PANDEMIC?

While some markets suffered from
lower demand because of the pandem-

6

Gary Lerude
Microwave Journal, Norwood, Mass.

ic, most respondents reported either a
temporary decline or overall growth in
business.

lllustrating this, CAES saw demand
from test and measurement (T&M)
slow, attributed to less lab work as en-
gineering teams began working from
home during the early months of the
pandemic. However, aerospace and de-
fense cable assembly revenue grew 5
to 7 percent over the past two years,
reflecting demand from aircraft and
land-based ELINT and SIGINT systems.

Similarly, Maury Microwave report-
ed the pandemic impacted customers
differently, largely reflecting country
and company policies. “Many com-
panies reduced access to their labs,
which in turn lowered the need to re-
place cable assemblies. Others went
full-speed ahead and doubled or tripled
their annual purchases as programs
came online or new manufacturing
sites opened.” Overall, Maury's cable
assembly business grew.

Echoing the same theme, Molex
saw demand from the telecom and
broadband segments increase, reflect-
ing the abrupt shift to working from
home and remote schooling. Automo-
tive demand dipped during the second
quarter of 2020, then ramped up the
following quarter and has remained
strong. Molex said it “shipped more

coax cable assemblies at the end of
2020 and throughout 2021 than ever
before,” with 2022 demand from equip-
ment manufacturers and harness tiers
remaining “extremely strong.”

Gore, HASCO, Pasternack and
Samtec reported steady demand dur
ing the pandemic. Samtec has seen a
strong reception for its new mmWave
cable assemblies, which reach 50 and
67 GHz. SPINNER said it saw no ef-
fect on demand from the pandemic; its
sales grew some 20 percent in 2020.

HAVEYOU BEEN AFFECTED
BY SUPPLIER LEADTIMES OR
SHORTAGES?

While the pandemic didn't hurt de-
mand, did it hurt the supply chain for
connectors and cable assemblies? Yes.
Most of the companies did see short-
ages or increased lead times on mate-
rials and were managing their supply
chains to minimize disruptions to cus-
tomers.

The exceptions: Southwest Mi-
crowave said it did not experience ex-
tended lead times or supply shortages,
perhaps because of its manufacturing
model and customer demand declined.
Pasternack said it was not adversely af-
fected because of its “availability mod-
el where we always have stock avail-
able for same-day shipping,” including

CABLES AND CONNECTORS SUPPLEMENT ¢ MARCH 2022
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A GORE-FLIGHT microwave
assemblies developed for airframes
and low EMI applications.

finished assemblies and components
to build assemblies. Similarly, Mini-Cir-
cuits said its operating model of stock-
ing inventory helped it avoid supply
chain delays hurting customers. “In our
experience, interconnect products are
often spur of the moment purchases.
Customers get into the lab and realize
they're missing the right cable or adapt-
er for their test set-up, and they need it
fast, so we've always maintained stock
and availability of these parts to be
prepared for those situations.” Maury
Microwave said its inventory strategy
enabled it to offer “thousands of cable
assemblies and tens of thousands of
adapters from inventory or with short
lead times.”

As Samtec is vertically integrated,
internally manufacturing its cable and
many components, it has more control
than many companies. While it experi-
enced some lead time issues with ex-
ternal suppliers, they were not “major
disruptors to our ability to service our
customers.” For Molex, its long-term
supply agreements “have worked in
our favor,” although lead times on some
resins increased, causing shortages
and additional logistics costs. While
some suppliers claimed force majeure,
Molex avoided passing those on to its
customers.

CAES said global shutdowns in-
creased lead times for raw materi-
als, delaying deliveries by one to two
months and, for some specialty prod-
ucts, three to four months. SPINNER
said it had difficulties with some sup-
pliers, especially those in Asia. HASCO
also said lead times for raw materials
“have increased substantially over the
past 18 months.” Reframing the chal-
lenge to a positive outcome, HASCO
said it “created new opportunities to

I'_:It.‘_“:

develop new supplier relationships and
introduce alternate product lines” to
support customers.

5G DEMAND

For several years, the hottest mar
ket has been 5G, adding bands to the
sub-6 GHz spectrum and commercial-
izing mmWave frequencies for mobile
phones. We wondered how this has
shaped RF/microwave cable assembly
development. With many of the new
5G bands below 6 GHz, a spectrum well
covered by RF/microwave components,
the connector and cable assembly sup-
pliers were already well positioned, as
confirmed by our respondents. Yet sub-
6 GHz 5G poses new challenges.

To achieve the higher data rates
promised by 5G, base stations are
adopting massive MIMO (mMIMO)
architectures that multiply the num-
ber of transmit and receive channels
compared to LTE MIMO base stations.
This increase in channels leads to more
volume for cable assemblies and con-
nectors; however, operator demands to
minimize the size and weight of base
stations means smaller, multi-port in-
terconnect systems, with lighter and
smaller cable assemblies needed to
fit in tight spaces. The connector inter
faces must be able to handle many con-
nect/disconnect cycles without degrad-
ing electrical performance.

Gore and Molex both cite the im-
portance of the cable assembly in mini-
mizing electromagnetic interference
(EMI). Gore notes that 5G operates
in bands very close to those used by
aircraft survivability equipment, navi-
gation and communication systems.
Spectrum congestion can create inter-
ference with systems critical for the
safe operation of aircraft—witness
the concern over 5G use at C-Band
and possible interference with aircraft
altimeters. "It is even more crucial for
airframe microwave/RF cable assem-
blies to be properly shielded from EMI.
Maintaining signal integrity in these
challenging environments is critical for
the reliability of the aircraft's electronic
systems,” says Gore.

The allocation of mmWWave bands for
5G has opened a new market for cable
assemblies and connectors, although
Southwest Microwave and SPIN-
NER offered mmWave cable assem-
blies prior to the arrival of 5G. Molex
and Samtec are starting to see inter
est in mmWave cable assemblies. Mo-
lex says although “mmWave deploy-
ments are fewer than anticipated,” it
has “many development projects with
strong customer interest in this area.”

CABLES AND CONNECTORS SUPPLEMENT ¢ MARCH 2022

A Molex FAKRA mini interconnect,
used to carry radar, camera and LiDAR
data in a vehicle.

Samtec says it has “slowly seen some
new mmWave applications” between
30 and 40 GHz. With 5G eyeing bands
to 56 GHz, CAES sees the need to
extend the frequency coverage of low
loss, phase-matched cable assemblies
for base stations and T&M systems.

In addition to the electrical perfor
mance, Gore says customers need
“extremely robust and rugged assem-
blies that can provide consistent perfor-
mance and reliability over time.” With
all the attention on deploying systems
in the field, we sometimes overlook
that 5G systems must first be tested.
Maury Microwave cautions that the
testing requirements for 5G and the
newest Wi-Fi standards “are so de-
manding that even the best cable as-
semblies can impact measurement re-
sults.”” Combining Maury's T&M cable
assembly and test system expertise, it
has focused on quantifying the uncer
tainties of 5G and Wi-Fi measurement
systems. Using that insight, it can im-
prove its own cable assemblies and
help companies understand the error
contributions from each system com-
ponent on the measurement results
to ensure accurate characterization of
their products.

ABOVE 5G

5G is not the only market tapping
the mmWave spectrum. Point-to-point
radio links and automotive radar came
before 5G, and 60 GHz has long been
promoted for personal area networks
and is being used in several locales
for short-range fixed wireless access.
Some researchers, already bored with
5@, have started working on 6G, eager
to tap the unlimited bandwidths above
100 GHz. Will cable assemblies support
these applications or will we see a re-
surgence of waveguide?

HASCO has extended its active and
passive products to 110 GHz to support
emerging applications such as synthet-
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nectorized products,
including amplifiers
up to 110 GHz!” Mini-
Circuits has launched
its first waveguide to
coax adapters and
plans to build out its
selection of wave-
guide products.
Molex has a
strong position in
automotive, particu-
larly automotive an-
tennas, and worked
with Rosenberger
to develop the High-
Speed FAKRA Mini

A Samtec 1.35 mm cable assemblies and connectors

support applications to 90 GHz.

A southwest Microwave custom
multi-port cable assembly.

ic radar, communications and defense.
Encouragingly, SPINNER notes a surge
in demand for connectors, adapters and
cable assemblies between 40 and 90
GHz. Samtec is also bullish on these
new bands, developing products for
the 40 to 90 GHz range, particularly 80
to 90 GHz. Samtec recently released a
1.35 mm family including compression-
mount board connectors and flexible
.047 cable assemblies offering 1.35 mm
male or bulkhead female connector op-
tions. Looking higher, it is developing
1.00 mm cable assemblies to reach the
110 GHz benchmark.

Pasternack says it is betting on ca-
ble assemblies and waveguide, invest-
ing in test equipment and components
to build both. Like Pasternack, Mini-
Circuits sees the demand for mm\Wave
and sub-THz applications “growing
fast,” particularly in T&M, which neces-
sarily leads market development. Re-
sponding to these opportunities, the
company says, “We've invested heavily
in the design talent and facilities to ex-
pand our portfolio for cables, adapters
and attenuators, as well as other con-

interconnect, which
has 20 GHz band-
width for relaying ra-
dar, camera, LIDAR
and sensor data throughout the vehicle.
Since the automotive market has not
yet adopted mmWave for communica-
tions, Molex is working on mmWave
sensing applications while developing
the capability for mmWave communi-
cations, borrowing technology from its
capabilities in base stations.

Both CAES and Gore are research-
ing ways to serve market needs at
these higher frequencies, CAES ex
amining novel structures and new
materials for designs above 60 GHz.
Vertically integrated from R&D through
manufacturing, Gore is exploring cable
materials and connector options to ex-
tend frequency coverage, working with
customers to ensure the new test as-
semblies will meet Gore's standards for
accurate, reliable and repeatable mea-
surements.

DEFENSE MARKET TRENDS

Microwave Journal asked about de-
fense market trends and new require-
ments from military systems. CAES
provided a list of emerging require-
ments for interconnects:

e Multi-function assemblies requiring
multi-function interconnect mating: vid-
eo, RE microwave, mmWave and ana-
log/DC cables packaged in multi-pack
configurations

e |nterconnects capable of hypersonic
environments, i.e., able to withstand
high shock and high temperature

e Smaller and lower weight intercon-
nects for military and space systems,
particularly low Earth orbit (LEO) appli-
cations.

Molex sees requirements for cable
assemblies for surveillance systems
and military communications. Gore
cited upgrades to radar warning re-
ceiver, airborne electronic surveillance,

countermeasure systems and other
electronic warfare systems that in-
clude upgrades to the RF, microwave
and mmWave components. Common
themes from these upgrades are high-
er power, higher frequency and higher
density coax assemblies for airframes.

Pasternack endorses the need for
higher frequency coverage and size
reduction to accommodate more com-
pact footprints. Higher port count array
antennas are driving custom compact
interconnects, including edge-mount
and spring probe connectors. Likewise,
Samtec sees increasing need for high-
er frequency operation, to 110 GHz, and
dense connector packaging, such as
ganged SMPM board-to-board and ca-
ble-to-board products for phased array
antennas. Samtec is also researching
ways to make waveguide assemblies
more flexible and cost effective.

COMMERCIAL SPACE

The commercial LEO satellite mar
ket is growing, enabled by lower cost
rocket launches and less stringent
requirements for lower orbit opera-
tion. We asked how this opportunity
is changing the requirements for cable
assemblies and influencing product de-
velopment.

CAES noted requirements for higher
frequency coaxial solutions with novel
interfaces and very low RF susceptibil-
ity. These add to the standard require-
ments for ruggedness, small size, light
weight, low insertion loss and, in some
cases, phase-matched sets. Comment-
ing on the need for higher frequencies,
Samtec is seeing demand for cable as-
semblies for the 40 to 50 GHz band to
complement the other satellite bands
in use. The company is also developing
cable assemblies to meet more strin-
gent environmental requirements for
future applications.

Southwest Microwave said it is
seeing opportunities to support LEO
satellites, as it is “well known in the

i

A Ppasternack low PIM cable
assemblies.
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110GHz HIGH PERFORMANCE %Gy,
MILLIMETER WAVE CABLE ASSEMBLIES

Cable Loss <15dB/m@110GHz
* VSWR <1.50@110GHz

* Shielding Effectiveness <-90dB

e Amplitude Stability vs. Flex. <+0.1dB@110GHz
* Phase Stability vs. Flex. <t8°@110GHz

* Phase Stablity vs.Temp. 400ppm@-40°C~+70°C

* Wire Diameter 1.42mm w/o armor , 3.0mm w/ armor

® Connections of module to
module or rack to rack

¢ Various test systems

® Temperature cycle test in chamber

* Military & commercial
millimeter wave equipment

i
' .;_,_,"3.' Fujian MIcable Electronic Technology Group Co.Ltd

More Information- L
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space industry for being able to supply great performance
with very small footprint” HASCO noted that it has seen in-
creasing demand for waveguide assemblies for satellite con-
stellations such as Starlink. Pasternack added the need for
cable assemblies for the RF/microwave components in the
satellite ground stations, which link the LEO constellations
to terrestrial communications networks.

i o "
1i1f);.{‘rf ! [

THREAT OR OPPORTUNITY?

We asked whether so many systems becoming multi-
beam phased arrays requiring overthe-air (OTA) testing was
a threat to the C&C market. The companies that responded
actually see OTA testing as an opportunity.

CAES said wireless testing increases cable demand,
with multi-function chip sets requiring more complex test-
ing and interconnects between the chip set and measure-
ment system. Gore has a similar view, "It is an opportunity
for high performance microwave/RF cable assemblies to re-
duce test scheme complexities and increase throughput.”
Gore offers the example of high volume OTA testing inside
a test chamber, a set-up using long cable assemblies “that
must be very stable and have very low VSWR to ensure
repeatable and reproducible test results.”

Molex looks behind wireless OTA testing to the back-
bone infrastructure, which must have high data rate coaxial
connections. Pasternack’s view is that OTA test systems
still require interconnects, more than in the past because
of high element phased array antennas and the test equip-
ment ports to measure them. Given all these ports, HASCO
sees the opportunity to develop more robust cable lines with

Y %oC coUER FEATURE
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A SPINNER waveguide to coax adapters cover V-, E-, W- and
F-Bands.

shorter lengths and smaller diameters to reduce system and
test space and weight. SPINNER reminds us that the test
equipment for wireless systems must be pre-qualified and
calibrated to eliminate linear errors and improve measure-
ment accuracy.

THE FUTURE

We asked the companies to share the opportunities they
see on the horizon, wondering if quantum computing is one
of those.

CAES listed several opportunities: 1) Hypersonic air-
frames with the challenges of high temperature, high G
and high shock. 2) mmWave active phased arrays for LEO
constellations, with the need for novel interconnects.

Passion wm Nala

AIRCOM
PREMIUM 15

e ideal for antenna installations and r
wireless network / 5G applications “

e low loss, highly flexible, low PIM,
max.10 GHz, 50 Q

® max. power handling: =
740W at 1 GHz (y@

® RF circuit design
e Antenna design

CUSTOMIZED
RF SOLUTIONS

e RF component design: power amplifiers,
low noise preamplifiers, transverters etc.

Accessories from SSB-Electronic:
Crimping tools - Grounding kits - Lightning protection - Cable cutters - Mounting clamps

COAXIAL
CABLE
ASSEMBLIES

* Low loss coaxial cables, connectors,
adapters, kink protection etc.

e Cable assemblies for wireless infrastructure
& 5@, railway, offshore & marine,
space etc. applications

21 * RF measurements before and after assembly

SSB-Electronic Germany - sales@ssb-electronic.com - www.ssb-electronic.com
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PRECISION

VWaveguide
to Coax Adapters

Covering Radar, mmWave 5G
& OTA Testing Applications to 50 GHz

Excellent VSWR, <1.2:1

Low Insertion Loss, <0.2 dB
Enables Rapid Prototyping
Compact Gold-Plated Housing

Model Connector Frequency Range VSWR Insertion

Number Configuration (GHz) Loss (dB)
2.4mm-F

WR22-VFR+ to WR22 33to 50 1.19:1 0.25

WR28-KFR+ 2.92mm-F 26.5 to 40 1101 0.15
to WR28

LEARN MORE
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3) ELINT and SIGINT systems push-
ing broader bandwidth and low loss.
CAES is monitoring quantum comput-
ing, which requires low temperature
and low loss interconnects, and has
not yet decided whether to engage in
this market.

Gore remains committed to its core
mission, precision testing of mission-
critical electronic systems, and will
apply its capabilities to serve new mar
kets as they develop.

._:It(‘u

HASCO sees the growth of 5G and
loT applications as a major opportu-
nity for RF/microwave cable assem-
bly suppliers. Wireless broadband,
whether cellular or Wi-Fi, will require
large numbers of micro base stations
throughout municipalities, maintain-
ing a steady demand for new cable
components.

Maury Microwave noted the ex-
panding opportunity for high accuracy
measurements at higher frequencies.

ize Your Losses!

With EZ Form'’s
Low Attenuation Cables

ation) cables feature a-mlcroporous dlelectrl ol ¥
facilitates.lower gttenuation, higher operating
peratures and greater phase stability vs. temp
when compaFed to solid PTFE semi-rigid cables.

Find out more at ezform
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EZ FORM CABLE

AS9100 Certified
Coaxial Cable - Cable Assemblies
Delay Lines - Connectors
www.ezform.com
(203) 785-8215

ATREXON COMPANY

With the increasing complexity of mea-
surements, T&M users must under
stand the impact of each component
in the measurement system. Cable
assemblies can be problematic and
should not be treated as ideal compo-
nents, particularly with extended use.
The uncertainty caused by the cable
assembly should be quantified and re-
duced where possible.

Molex sees significant growth
opportunities in vehicles, including
automobiles, commercial vehicles,

recreational vehicles and e-bikes. All
will need miniaturized coaxial intercon-
nects to carry the data from an increas-
ing number of high data rate sensors.

For Pasternack, |oT, commercial
space and mmWave industrial appli-
cations offer growth, as well as the
traditional aerospace and defense ap-
plications. Accessible and modular
test equipment is also creating require-
ments for new test interconnects.

Samtec has long participated in
standards committees, recently work-
ing on the new VNX+ standard to
bring RF and fiber to the VNX form
factor. Samtec sees this as a signifi-
cant growth opportunity in addition to
extending its product portfolio to 110
GHz. Samtec views quantum comput-
ing as a growth market that can be
supported with minor modifications
to its standard products. Entering this
market will require a testing program
to verify these modifications will per
form as expected in the quantum en-
vironment.

Looking to its future growth, South-
west Microwave adds higher frequen-
cy phased arrays covering 20 to 70 GHz
and multi-signal connectors handling
RF, digital and power.

CONCLUSIONS

Although the C&C industry may
seem mature, it is dynamic, reflecting
the trends and needs of the many ap-
plications it serves. The future offers
many opportunities, from connecting
the front-end in a hypersonic missile
seeker to a phased array on a satel-
lite or a 5G mmWave base station. The
overarching requirements driving the
industry are higher frequencies, higher
port density, smaller size, lower weight
and consistency over time and the en-
vironment. Like other segments of the
RF/microwave component industry,
C&C suppliers are consolidating, yet a
strong base remains. This is reflected in
the responses from the 10 companies
that participated in our survey. We ap-
preciate their willingness to share their
perspectives. B

CABLES AND CONNECTORS SUPPLEMENT 4 MARCH 2022



Loss is critical in millimeter wave applications,
and IW manufactures the range of lowest attenuation/phase stable
coax to maintain your signal’s integrity. From K-band to E-band,

our family of coax was developed using IW'’s proprietary EPTFE
lamination process to ensure the lowest cable loss across the
mmWave spectrum:

Cable Type  Operating Freq.  Atten. (max)

(GH2) dB/ft. dB/m

1801 30 0.49/1.62

1701 38 0.57/1.88

1571 40 0.64/2.09

1501 40 0.75/2.46

1401 50 1.02/3.34 INSULATED WIRE, INC.
1251 /0 2.14/7.02 203.791.1999

0471 110 495/1623 ~  \wwAw-microwave.com

sales@iw-microwave.com

With a broad selection of interconnects including 3.5mm, 2.92mm,
2.4mm, 1.85mm, SMP and SMPM interfaces, plus jacketing and
armoring options, IW Microwave delivers reliable custom cable
assembly solutions to suit a diverse range of applications from
satellite communications systems to 5G test.

Talk to us or your local representative about how you can get
connected at millimeter wave frequencies with the lowest

attenuation cable available! Scan code to find
out how you can
AS9100 Rev. D & 1SO9001:2015 certified. get connected

We’'re how the microwave industry gets connected!
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Coaxial Cables Support
the LISA Gravitational
Observatory In Space

Lina Schmidt
SSB-Electronic GmbH, Lippstadt, Germany

Simon Barke

University of Florida Precision Space Systems Laboratory, Gainsville, Fla.

The company SSB-Electronic GmbH from Lippstadt, Germany, specialized
in high frequency solutions, is working with the University of Florida and
supporting the team at the Precision Space Systems Laboratory (PSSL) on
a new space project, the development of a special charge management
device for the ESA and NASA Laser Interferometer Space Antenna (LISA)
space mission. SSB-Electronic’s coaxial cables are used to evaluate
conformity with the strict timing requirements of the LISA project.

A Fig. 1 Artist’s rendition of LISA once deployed
in orbit. Source: University of Florida

ISA is the first gravitational wave observa-

tory in space! and one of three large-class

missions in ESAs “Cosmic Vision 2015-
2025" program. The LISA mission, led by ESA,
is a collaboration between ESA, NASA and an in-
ternational consortium of scientists from 20 ESA
member states, including the Max Planck Insti-
tute for Gravitational Physics in Hanover, DLR
Institute of Space Systems in Bremen as well as
numerous universities and institutes worldwide
such as the University of Florida in Gainesville.2

LISA will consist of three identical spacecraft,
separated by 2.5 million km, which will trail the
Earth on their orbit around the sun in a triangular
formation (see Figure 1).3 These three space-
craft will be connected by laser beams forming a
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A Fig. 2 LISA charge management device prototype. Source:
University of Florida.

high-precision laser interferometer with millions of kilometer
long laser arms. Compared to the already existing ground-
based gravitational waves observatories like Geo 600, LIGO
or VIRGO,% LISA will address the much richer frequency
range between 0.1 mHz and 1 Hz, which is inaccessible on
Earth due to arm-length limitations and terrestrial gravity gra-
dient noise arising from terrestrial gravity fluctuations. These
fluctuations are caused by seismic activity, atmospheric dis-
turbances (e.g. wind, rain, cloud movement) and anthropo-
genic activities (industry, busy roads or train routes).#5 From
space, LISA can avoid the noise from Earth and access re-
gions of the gravitational wave spectrum that are inacces-
sible from Earth due to its extremely long arms.’

The aim of the LISA mission is to complement terrestrial
detectors in investigating new areas of the gravitational wave
spectrum.! Like ground-based detectors, LISA is based on
heterodyne laser interferometry. The three LISA spacecraft
relay laser beams back and forth between them and the sig-
nals are combined to search for gravitational wave signatures
that come from distortions of spacetime. The gravitational
wave sources that LISA would discover include supermas-
sive black hole mergers, neutron star mergers and other ma-
jor astrophysical events such as the Big Bang.3 Gravitational
wave detection with LISA will complement our knowledge
about the beginning, evolution and structure of our universe.3

The LISA mission is scheduled to be launched in 2034.
From there, the LISA spacecraft will take approximately a
year to reach and enter orbit around the sun and will then col-
lect scientific data over a period of at least eight to 12 years.

The LISA mission needs many new key technologies to
work including high-end optics and micro-thrusters.2 Various
systems and components are being developed for the mis-
sion in numerous projects around the world. For example,
the scientists of the Cluster of Excellence Quantum Universe
at the University of Hamburg are working on an electronic
phase measurement system, a phase meter for ultra-precise
laserbased length measurements at low frequencies, as
well as optical components for the ground equipment.3

DEVELOPMENT OF THE CHARGE MANAGEMENT
DEVICE ATTHE UNIVERSITY OF FLORIDA

Another example is the project at the University of Florida.
A team of researchers, professors and students at University
of Florida led by John W. Conklin and Peter Wass (Depart-
ment of Mechanical & Aerospace Engineering) in collabora-
tion with Professor Dr. Guido Mueller (Department of Phys-
ics) has been awarded a $12.5 million NASA contract to build
and test a prototype of a charge management device for the

CABLES AND CONNECTORS SUPPLEMENT ¢ MARCH 2022
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A Fig. 3 Phase stability of five cables. Source: Simon Barke.?

space mission by July 31, 2025 (see Figure 2).

This charge management system is a ultraviolet (UV) light
device that can monitor electrical charges of the free falling
test masses inside the three LISA spacecraft. These test
masses are cubes made of a gold-platinum alloy, each with
an edge length of 46 mm and a weight of 2 kg. The charge
management device will shine the appropriate amount of
UV light on the test masses to keep their charges at zero,
preventing unwanted motion.6 The job of the University of
Florida team is to ensure nothing but gravitational waves
move the particle masses and that the discharge of the test
masses does not generate any undesirable side effects.®

Two internal test masses per spacecraft are used, each
one dedicated to a single interferometry arm.” Every space-
craft uses high-precision heterodyne laser interferometry to
measure extremely small distance variations (pm to nm) be-
tween the test masses caused by gravitational waves. All
test masses inside the three spacecraft will be in free fall
along the lines of sight between the spacecraft and serve as
inertial sensors for estimating position.4 The test masses are
shielded by the containing spacecraft against external per
turbations. Capacitive sensors surrounding each test mass
will monitor their positions and orientations with respect to
the spacecraft. To keep each satellite centered on the test
masses the tiny orbital and attitude corrections will be deter
mined by a drag-free attitude control system using the mea-
surements of inertial sensors. This system of regulating the
satellite position enables new missions which, for example,
will also be used to measure the effects of climate change on
the planet in the future. LISA will detect gravitational waves
with three independent interferometric combinations of the
light travel time measurements between the test masses
along the sides of a triangular configuration.’

COAXIAL CABLES FROM SSB-ELECTRONIC
EVALUATE COMPLIANCE WITHTHE PROJECT
REQUIREMENTS

The coaxial cables of SSB-Electronic are used at the PSSL
of the University of Florida for test stands that will evaluate
the LISA charge management system under the NASA con-
tract. According to Simon Barke, one of the technical direc-
tors of the PSSL, the success of the PSSL team, but also of
the entire LISA mission, depends on the phase stability of
high frequency signals that help track changes in distance
between the test masses. Gravitational waves are expected
to affect this distance by just a few picometers. Changes
in distance will be translated to slow (mHz) phase shifts on
the order of microradians in a 20 MHz electrical detection

15
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Cable Name Dielectric Material

TABLE 1
TEST CABLE SPECIFICATIONS?

Operating

Maximum VoP At/AT

(Manufacturer) Temperature (°C) Frequency (GHz) (s/K)
EF18 (Elspec) Low Density PTFE -40 to 85 18 77 1.2x 107"
32188 (Astrolab) Low Density PTFE -55 to 200 27 86 49x107"
Ecoflex 10 (SBB) Low Density PE -55 to 85 6 85 2.6x1071
Aircell (SBB) Low Density PE -55to 85 10 82 1.4x 1071
PhaseTrack 210 (TMS) Proprietary TF4™ -55to0 85 29 83 8x 10

signal. The phase of a 20 MHz signal will be tracked with sub-
picosecond precision over hours.

Spurious phase noise caused by any device in the mea-
surement chain would spoil these delicate measurements.
One limiting noise source is electrical cables. Temperature
fluctuations can change the length and electrical properties
of the cable, which results in a phase change of the sig-
nals. For the LISA project, cables must be used that will not
change the phase of an electrical signal over temperature.

To evaluate the phase stability of different test cables, the
change in signal arrival time (At) over temperature change
(AT) per meter cable is measured.8 A 2 GHz signal is split
and passed through the cable under test and a reference
cable of equal design and length. With a special device, a
28 cm section of the cable under test is heated and cooled
in the range of 5°C to 50°C, which is the temperature range
expected inside LISA spacecraft.8 The phase of both signals

V=LOCITY

—MICROWAVE——
REPAIRABLE VNA CABLES

is measured after mixing them down to a more convenient
frequency of 1.6 GHz. Five candidate cables of three differ
ent types are used for the test, distinguished by different
dielectric layers: polytetrafluoroethylene (PTFE), low density
polyethylene (PE) or TF4™ (proprietary fluorocarbon dielec-
tric material from the company TMS).

Figure 3 shows the results of measurements to evalu-
ate the phase stability of the test cables. The width of each
trace reflects the range of the calculated timing stability co-
efficients that are different for cooling and heating periods.

The results show that the cables with dielectrics based on
PTFE exhibit an inherent, non-linear phase change when the
material passes through the temperature range of 15°C to 25°C.
These cables are therefore unsuitable for the LISA project.

The coaxial cables from SSB-Electronic using a PE dielec-
tric, especially the cables of the Aircell 5 series, offer a flat
temperature coefficient of maximum. At/AT = 1.4 x 10e713

s

=RO

AMERICAN MADE RF ADAPTERS

2022 Deal

%  ALL AMERICAN MADE. NO SUPPLY CHAIN ISSUES! %

*Offer ends July 4, 2022. Scan QR code or visit www.4gte.com/22fromglobaltest to purchase.
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NEED CONFIDENGE IN
YOUR MEASUREMENTS?

Use the world’s most phase-stable cable assemblies
and unique color-coded interconnects.

/ MAURY-QUALITY YOU CAN TRUST /

Stable — phase and amplitude stable with flexure
Durable — armored and rugged

Flexible — extremely lightweight and easy to use
Available — in stock on our web store!

Color-Coded — ease-of-identification, clear indications
of compatibility and intermateability

/ L]
To visit our web store and learn more about StabilityPlus™ @ Moury M Icroque

and ColorConnect™ scan the QR code or go to
maurymw.com/store Your Calibration, Measurement & Modeling Solutions Partner!
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A Fig. 4 Test stand at PSSL. Source: University of Florida.

over a wide temperature range from 5°C to 50°C. These are
among the most phase stable cables in the industry. Speci-
fications of the cables under test, including the measured
maximum timing stability coefficients per meter, are sum-
marized in Table 1.

Based on the measurement results, PSSL chose Aircell
5 cables for use in a test stand to evaluate the LISA charge
management system under the NASA contract. Aircell 5
cables are used to carry electrical pulses from a frequency
reference and photomultipliers tubes to Moku:Lab phaseme-
ters. Figure 4 shows the setup of the test stand at the PSSL,
University of Florida. The cables enable confirmation that the

e Point-To-Point Interconnect Modules
¢ High-Density Routing Solutions

e Tight Space, Low-Weight

e 5G & MIMO Testing

e Small Form Factor

Ultra-Flexible High-Performance Cables

S—

o

by HASCO, Inc.

light pulses emitted by the charge management system and
detected by the photomultiplier tubes conform to the strict
timing requirements of the LISA project.

CONCLUSION

Coaxial cables from SSB-Electronic are used in current
basic research projects and are also suitable for space appli-
cations due to their phase stability. They are an attractive al-
ternative to TF4 cables, especially for ground support equip-
ment and test stands. &
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Phone +1 (888) 498-3242
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www.hasco-inc.com/Littlebend
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Cables and Adapters

System Interconnect and Precision Test

375+ models in stock
Custom assemblies available on request

Rugged design and construction

Precision Test Cables Interconnect Cables VNA Cables
Options for every Wide selection of Crush and torque resistant
environment: armored, connector options

Competitive pricing,
phase stable, temperature from SMA to 2.4mm starting at $1,795 ea.

stable, ultra-flexible, 0.141, 0.086 and 0.047"
and more. .
center diameter

Adapters:

SMA, BNC, N-Type, 3.5mm, 2.92mm, 2.92mm-NMD,
2.4mm, 2.4mm-NMD, 1.8mm

1 Mini-Circuits
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Achieving High Density In
Mission-Critical Circuits

David Kiesling

Times Microwave Systems, Wallingford, Conn.

echnology providers are creating advanced

new wireless system designs within restrict-

ed space constraints in avionics, bG, space
and many other industries. These applications
rely on high density RF interconnections capable
of high signal integrity and reliability in ever more
miniature housings. There are many challenges
to providing practical RF interconnections in
such dense housing environments. Fortunately,
innovations in RF interconnections have led to
reliable, high performance solutions that can fit
the tightest spaces available, even at the most
difficult interconnection angles.

AVIONICS

Avionics applications have limited space as
they accommodate more application needs
throughout the airframe. In the past, it may have
been common to have 12 antennas on an air
craft, but there are now 50—even hundreds in

some cases—antennas serving advanced avion-
ics systems. More antennas in aircraft environ-
ments leads to more signal paths and the need
for more RF interconnect solutions to accommo-
date them.

5G

As more users rely on 5G services, more an-
tennas will be needed to provide coverage, both
at lower FR1 frequencies (under 6 GHz) and at
higher FR2 mmWave frequencies. Antenna den-
sification is required to deliver increased peak
data speeds, ultra-low latency, enhanced reliabil-
ity, enormous network capacity and increased
availability for 5G. Many 5G networks employ
MIMO antennas, which are shrinking in size as
higher frequency bands are used to accommo-
date larger bandwidth requirements. This trans-
lates into more antennas in smaller spaces and
more RF interconnections within those smaller

CABLES AND CONNECTORS SUPPLEMENT ¢ MARCH 2022
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spaces.

5G small cells, such as micro, pico and femto cells, are
examples of the electronic densification within 5G networks
as they are spaced much closer than traditional wireless
macrocell towers, often only 100 yards apart. Demand for
high density cabling solutions to accommodate the neces-
sary connections in smaller, more compact installations will
continue to grow.

SPACE

Equipment used to support space technology must be
lightweight, compact, reliable and capable of withstanding
high levels of shock, vibration and radiation, as well as wide
temperature ranges. RF coaxial cable assemblies must be
designed to perform reliably in the smallest possible foot-
print. The high frequency cables required for space applica-
tions must support low loss communications, requiring a
dense network of antennas.

HIGH DENSITY INNOVATIONS ABOUND

High density RF interconnection solutions have evolved
from individual assemblies with multiple coaxial connec-
tors to a single connection port. There are a wide variety of
unique high density options suited to fit the specific needs
of an industry/application, including multiport and mini-mul-
tiport connectors, bundled cable assemblies, locking minia-
ture blind mate connectors and cable assemblies for densely
packed in-the-box applications. Common requirements for
these environments include ease of installation, high vibra-
tion (cannot come apart) and environmental seals.

MULTIPORT AND MINI-MULTIPORT CONNECTORS

Multiport and mini-multiport connector solutions are ide-
al for high density avionics environments, where space is
at a premium, accessibility for maintenance is limited and
performance is mission-critical. These connectors consist of
multiple coaxial contacts of the same interface integrated
into a single connector module or shell. There are numer
ous options for these types of connectors, including those
with reduced size and weight that provide excellent electro-
magnetic shielding and phase stability with low VSWR and
insertion loss to 20 GHz for multiport connectors and to 40
GHz for mini-multiport connectors. See Figure 1 and 2 for
examples.

BUNDLED CABLE SOLUTIONS

Densification creates numerous challenges related to
installation, torquing, ensuring proper weather sealing and

CABLES AND CONNECTORS SUPPLEMENT ¢ MARCH 2022

A Fig. 2 Example mini-multiport connector assembly.

more. In addition, an increasing number of technologies such
as 5G small cells have limited space for equipment, so mini-
mizing size and weight are also key goals.

With so many components in such a small space, main-
tenance can be challenging. If an interconnect fails, it can
be hard to troubleshoot the exact one. Moreover, installation
can be a time-consuming, laborintensive and logistical night-
mare. Hooking up the right cables, ports and torquing can
be difficult when working with multiple connections. Proper
weather sealing is also necessary; it is imperative to ensure
that the seal is secure but not overtorqued.

A bundled cable solution can help create the perfect flex-
ible antenna jumper for applications requiring multiple runs,
such as 5G. A spiral configuration of multiple flexible and
ultra-flexible jumper cables can be created under a common
polyurethane outer jacket to promote easy installation and
improved operation. The individual coaxial cable runs are
spun together in a way that easily flexes, essentially creating
a bundle, which is then run through a large jacket extruder
where a ripcord is placed.

This design enables four or five individual cables to be
fed into the back of an industry standard MQ4/MQ5 bundled
connector, incorporating multiple RF ports and significantly
reducing the number of cables that have to be hooked up.
MQ4/MQ5 bundled solutions also save a lot of labor and en-
able a more rugged solution. They also make the assembly
more weatherproof and UV resistant.

Using the four or five-conductor solution eliminates the
need to create individual weather seals, resulting in tremen-
dous labor savings. Furthermore, it reduces the need to
worry about coupling torque, which is critical because all it
takes is an error on just one weather seal to create a point of
ingress for water that could create a multitude of problems
and even potentially shut the system down. With a bundled
solution, the connection between the male and female clus-
ter connectors is sealed to IP-67, as are the connector bodies
and the transition from the cluster connector to the bundled
cable. Any potential system troubleshooting becomes much
easier. Finally, the possibility of hooking up the wrong cable
to the wrong port is eliminated. The solution is keyed, so
the cables can only be hooked up a certain way—no torque
wrenches, know-how or special technique required.

Bundled solutions are optimal for high density challenges
as they permit installation in tight spaces; instead of con-
necting multiple threaded connectors, just one will do the

job. They are faster and easier to install and maintain and
provide one firm, reliable connection to support consistent
high performance. Their design has many use cases, thus
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A Fig. 3 Example industry standard
MQ4 bundled connector.

becoming particularly popular in appli-
cations where cable installations and
rising operating frequencies demand
coaxial cables and connectors to de-
liver high signal integrity and reliability.
An example of this type of solution is
the TMQ4 and TMQ5 bundled cable as-
semblies from Times Microwave Sys-
tems shown in Figure 3.

LOCKING MINIATURE BLIND
MATES

A new generation of locking min-
iature blind mate connectors (TLMB)
is specifically designed to overcome
performance issues arising from typi-
cal SMP connectors’ susceptibility to
electromagnetic interference (EMI) and
electromagnetic compatibility (EMC) in-
terference, liquid and salt ingress. Their
rugged, sealed design is more durable
to withstand harsh conditions and oper
ate in severe environments. TLMB con-
nectors retain the small form factor of
the SMP for highly dense environments
but add improved environmental, shield-
ing and power capabilities, with a fre-
quency range from DC to 60 GHz.

While SMPs are still a valuable con-
nector option for many designs, they
pose problems as applications demand
higher and higher frequencies. One of
the critical issues is shielding and EMI.
Similarly, the SMP’s design reduces its
ability to function without affecting other
equipment in the same environment.
The connector’s signal leakage issues
often result in failed EMC tests. In short,
the SMP's lack of proper electrical bond-
ing and shielding exposes the conduc-
tor's signal to external influence.

This signal leakage limits how close-
ly the connectors can be placed in a
single shell; without proper shielding,
the contacts must be kept at a greater
distance to prevent signal interference.
With the improved shielding of aTLMB,
more connectors and cables can be
added in a much smaller footprint with-
out interference issues.

Another major failure area in the

22

axial cable that can
easily accommodate
densely packed in-
the-box applications.
For example, Times
Microwave System'’s
new InstaBend™
high  performance
microwave assem-
blies provide a flex-
ible preassembled
design for intercon-
nects between RF
circuit cards, mod-
ules and enclosure
panels. InstaBend is

A Fig. 4 InstaBend cables for space constrained areas.

SMP’s design makes them suscep-
tible to ingress from saltwater, fuel and
other contaminants. The lack of an en-
vironmental seal due to their mechani-
cal openings makes SMPs prone to
corrosion and failure. Another problem
arises with using SMPs in high vibra-
tion applications, where their easy con-
nect/disconnect design makes them
susceptible to unwanted de-mating in
high vibration environments.

TLMBs were created for high-re-
liability, high vibration environments
such as military and aerospace. Areas
where EMI may be an issue, such as
shipboard or aircraft, need an environ-
mentally sealed and shielded connec-
tor. The standard SMP may also dis-
connect in high vibration environments
such as a carrier landing, weapons
launch or any powerful weapons plat-
form, making a locking miniature blind
mate connector the ideal choice.

CABLE ASSEMBLIES FOR
DENSELY PACKED IN-THE-BOX
APPLICATIONS

Additionally, it may be optimal in
high density applications to reduce the
footprint required behind the connec-
tor to help install numerous cables into
a very small space. Minimizing space
between the cables and connectors
is also necessary for the interconnect
system to survive the high vibration
and other harsh environmental con-
ditions found in applications such as
space and avionics.

New cable assemblies can be bent
around tight corners and very closely
behind the connector to minimize foot-
print, save space and simplify cable
routing in tight spaces while offering
low loss and optimized performance.
Originally designed for space flight
applications, this type of high perfor
mance assembly uses a compact,
phase stable, highly flexible, micro co-

ideal for in-the-box
applications with
space constraints,
including space flight, thermal vacu-
um, microwave test and other com-
mercial and military applications. The
cable can be bent very closely behind
the connector, minimizing footprint,
saving space and simplifying cable
routing (see Figure 4). This also elimi-
nates the need to protect the back of
the connector.

Additionally, InstaBend provides
these benefits at a dramatically re-
duced lead time compared to compet-
ing solutions. The high performance
microwave assemblies are available in
standard configurations or customized
to meet an application's specific needs.
This new product’s ability to bend from
connector to connector provides maxi-
mum flexibility and minimum use of
available volume in high density, inside-
the-box applications.

SUMMARY

As advanced new mission-critical
technologies are introduced, RF inter
connect requirements are changing
drastically, including the need for novel
solutions to accommodate extremely
restricted space constraints and rising
operating frequencies. New innova-
tions in high density RF interconnects
are emerging to deliver high signal
integrity and reliability in increasingly
dense environments.

When selecting the right high den-
sity RF cables and connectors, it is
best to work with a partner whose en-
gineers can identify the application’s
unique needs and design an optimized,
easier to use solution—creating better
electrical, mechanical and environmen-
tal performance. Look for a supplier
with a long history of building quality
cable and connectors, along with the
skill, processes, techniques and materi-
als to bring custom solutions for spe-
cific application needs to life. &
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Junkosha
Irvine, Calif.

est and measurement (T&M) is a crucial

application where cabling innovations are

constantly required. As we move into a 5G-
enabled world, the cables and interconnects
used in T&M processes must be of the highest
standards and reliability, pushing to ever higher
frequencies. 5G represents the next evolution of
mobile communications and promises to enable
many new applications, such as autonomous ve-
hicles and virtual reality.

With BG, significant design and measure-
ment hurdles must be overcome. As the fre-
quency spectrum is limited, 5G must operate at
higher frequencies to deliver faster data speeds.
As 5@ taps into these mmWave frequencies,
cabling and interconnects must be robust to
meet the rigorous performance requirements.
Whether used in system development or device
characterization, precision and repeatability are
required, and this capability must be sustained
within the production test environment after a
system is commissioned.

Cable assemblies in a test environment
are often used with vector network analyzers

“"“"\“““j“‘" PRODUCT FEATURE

Innovative Cabling for
bG and Beyond

(VNAs), probably the core instrument for testing
and characterizing components, then ensuring
they function properly when integrated together.
Accuracy is crucial in any test setting, particularly
for metrology grade cabling, which offers the ul-
timate precision and demands the highest reli-
ability for testing and calibration. With the small-
er wavelengths at mm\Wave frequencies, flexure
and movement can have a significant impact on
the accuracy of measurements, and this is ac-
centuated as the frequencies increase.

PHASE STABILITY

In response to these challenging require-
ments, global cabling and interconnect pioneer
Junkosha launched the 8 Series VNA Test Assem-
bly, designed to be a high-quality metrology-grade
VNA test cable for users requiring high precision.
Using Junkosha's precision expanded PTFE tape
wrapping technology, the 8 Series metrology
grade cable exhibits excellent phase and ampli-
tude stability with flexure, within +1.5 degrees
and +0.08 dB at 50 GHz, respectively, for a 25 in.
long cable (see Figure 1). The figure shows the

CABLES AND CONNECTORS SUPPLEMENT ¢ MARCH 2022
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NMD Adapters

Mates Directly with Ruggedized VNA Ports

Protects VNA ports from damage and prevents
costly repairs

Allows connection with standard connector
series, saving cost on expensive VNA cables

2.4 mm and 2.92 mm options

4 Mini-Circuits
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No minimum quantity!
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Custom Cable

Assemblies!
Microwave and RF Coaxial
Assemblies
£ Flexible
= Semi-Rigid (Straight or Formed)
= Semi-Flex
£ High Performance Flexible
= Lab Assemblies
£ Standard RG-Types
= Miniature
- VNA Testing
£ Phase Matching
IPG/WHMA-A-620

ITAR
k8 CIpC, D

www.customcableinc.com
478.953.2358
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of the cable as-
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flexed around a 2.25
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|| After Test

Before Test =
During Test -

in. radius mandrel.
The 8 Series is flex

ible and can maintain

o =, N W s o

this level of perfor

mance when bent -1 ==

Phase Change (°)
!
/
|

180 degrees around -2

a2.25in. radius man- -3
drel, with no spring

back. The assembly ‘
has impressive per ) 10
formance durabil-
ity—50,000 tick-tock

Frequency (GHz)

cycles typical—and

has high phase sta- A Fig 1 Typical phase stability vs. frequency before, during

bility over tempera-

ture. With a 2.4 mm 225 in. mandrel.

and after flexing a strait 25 in. cable assembly 180° around a

connector, the cable
assembly is speci-
fied to 50 GHz, and a
ruggedized port-side
NMD connector is
available to ensure
direct and reliable
connection to the
VNA. Other versions
will  follow during
the coming months.
The 8 Series can be
shipped with a VNA
or as part of an after

sale package to re-
place existing cables.
The key applica-
tion area for the new metrology grade
microwave/mmWave VNA test cable
assembly is in measuring the device
under test (DUT) when designing a high
frequency component from scratch. In
addition to devices and coaxial com-
ponents, the metrology grade cable
can be used to develop other coaxial
cables. With a calibration level standard
bench test, the cable assembly is well
suited for national institutes, calibration
laboratories, service providers or any
application where repeatability is key.

PUSHINGTO 145 GHz

Within the last 18 months, Junko-
sha has launched a range of high per
formance mmWave cabling solutions
in addition to the 8 Series, such as the
MWX004 (see Figure 2). The MWX004
can uniquely operate up to 145 GHz and
has the high phase stability associated
with Junkosha, as well as the highest
performing dielectric material and high
flex life. The MWX004 was designed
for applications operating above 100
GHz and systems such as LIiDAR for
connected and autonomous vehicles.

A Fig. 2 MWZXO004 cable assembly.

A world requiring constant wireless
connectivity demands more efficient
use of the available frequency spec-
trum, which requires innovative technol-
ogies. The use of mmWave frequencies
has become a requirement for many
new applications, whether commercial,
space or defense. To enable systems
to deliver the required performance at
mmWave frequencies, phase perfor
mance that endures is a requirement
that cable assemblies and interconnects
must achieve, especially in the T&M en-
vironment. Junkosha’s latest intercon-
nect solutions provide VNA manufac-
turers with the capability to test these
high frequency networks that will soon
be at the heart of the next generation of
highly sophisticated systems.

Both the 8 Series VNA Test Assem-
bly and MWX004 will be featured at
this year's European Microwave Week.

Junkosha,

Irvine, Calif.
www.junkosha.com/en/
products/cable

Masaru Omoto: momoto@
junkosha.com
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cable assembly bends immediately
behind the connector without com-
promising performance. Designed
for applications where space, weight
and performance are equally important,
NANOBEND  enables  connections
where the footprint is extremely limited
while meeting the stringent perfor
mance and reliability requirements of
aerospace, defense and test and mea-
surement: NANOBEND meets ESA,
NASA and MIL standards as well as the
new Sensor Open System Architecture
standard.

The outer cable diameter of only

1 UBER+SUHNER'S NANOBEND™

: $0
\- -'"‘(‘0.
v ;,\.u\

B

Flexible Cable Assembly
Saves Space, Maximizes
Performance

1.62 mm enables NANOBEND to be
extremely flexible, bending where ca-
ble and connector meet without com-
promising RF performance or reliability.
When configured for the highest fre-
quency performance, NANOBEND will
operate to 110 GHz with approximately
18.5 dB/m insertion loss. At 20 GHz,
the loss is below 7.5 dB/m.
NANOBEND is triple shielded to
minimize RF leakage. The cable com-
prises an inner CuAg conductor sur
rounded by an extruded PTFE dielec-
tric, a CuAg flat wire outer conductor,
an Al/polyimide tape barrier, stainless
steel outer braid and FEP outer jacket.

. Cables & Connectors

o Yo% $oc yECH BRIEFS

The cable can be assembled with one
of several specially-designed connec-
tors that are compatible with industry
standards: SMA, SMP. SK, SMPM and
SMPM-T. In standard lengths, NANO-
BEND is available for delivery from
stock.

This new cable assembly from
HUBER+SUHNER extends the MINI-
BEND® product line, which has the
smallest bend radii in the industry.

HUBER+SUHNER AG
Herisau, Switzerland
www.hubersuhner.com

single- and multi-port SMPM inter

connects, providing coverage to 65

GHz with a maximum VSWR of 1.4:1.
SMPM micro-miniature connectors are
well-suited for space-limited systems
where push-on coupling is preferred or
a blind-mate connection is required.

Single cable assemblies (RF23C
series) have SMPM jack and plug con-
nectors on a 23 AWG low loss flexible
cable. The cable has three layers of
shielding: SPC flat wire, copper foil and
a 44 AWG outer braid.

Single-port cable-to-board SMPM
interconnects are available using 0.047
in. (RFO47-A series), 0.086 in. (RFO86
series) or Samtec's low loss flexible
cable (RF23C series) with optional End

S amtec has expanded its portfolio of

Family of RF SMPM
Cable and Board Level

Connectors

2 connectors. SMPM board connector
options include surface- or edge-mount
and straight or right-angle through-hole
terminations.

Multi-port ganged cable assemblies
(the GC47 and GPPC series) also use
0.047 in. low loss flexible cable with
an optimized latching system. Samtec
has released eight- and 10-port configu-
rations with 0.140 in. (3.56 mm) pitch,
and more configurations are being de-
veloped.

The multi-port board-to-board sys-
tem (GPPB series) offers three board
heights: 0.210 in. (5.33 mm), 0.327 in.
(8.31 mm) and 0.500 in. (12.70 mm).
Full detent or smooth bore retention
connection are available.

These SMPM interconnects add to

Samtec’s full line of off-the-shelf inter
connects for microwave and mmWave
applications. With upper frequency cov-
erage from 18 to 110 GHz, the precision
RF product family supports all major
market applications: wireless com-
munication, satellite communication,
automotive, radar, aerospace, defense
and test and measurement. Whether a
quick-turn modification or new design,
Samtec will customize a product to
support a customer’s unique require-
ments.

Samtec
New Albany, Ind.
samtec.com/SMPM
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T hermal vacuum (TVAC) chambers are
used by satellite manufacturers to
test satellites and their subsystems
and components in conditions mimic-
ing space. In this environment, the test
and measurement (T&M) components
inside the chamber must perform reli-
ably across the varying pressures and
temperatures. Responding to this
need, Maury Microwave developed
StabilityTVAC™ cable assemblies, opti-
mizing the mechanical and electrical
design to provide accurate, reliable
measurements, including stable phase.

Low outgassing is one of the re-
quirements for T&M components in-
side the TVAC chamber. Outgassing
occurs when the varying temperature
and vacuum enable materials to release
free volatiles that can deposit on other
components and cause significant con-

l "u

¥

Cable Assemblies for
Thermal Vacuum lesting

tamination. StabilityTVAC assemblies
use low outgassing materials, meeting
the requirements of ASTM E-595: a to-
tal mass loss under 1 percent and col-
lected volatile condensable materials
below 0.1 percent.

Changes in vacuum in the chamber
force air in and out of the cable as-
semblies. Standard connectors require
a slower change in pressure to avoid
damage. StabilityTVAC cable assem-
blies use vented connectors, enabling
the air to escape and the cable assem-
bly to stabilize faster. This minimizes
delays when testing with rapid pressur
ization/depressurization cycles.

Cable assemblies expand and con-
tract over temperature, which changes
the RF performance and can perma-
nently degrade the cable assembly.
StabilityTVAC assemblies are ther

mally conditioned to relieve mechani-
cal stresses and ensure reliable perfor
mance over temperature.

Maury Microwave's StabilityTVAC
RF/microwave cable assemblies are
available in both standard and high pow-
er, low loss versions. Connector choices
for the standard series are 2.92 mm per
forming to 40 GHz, SMA connectors to
26.5 GHz, TNCA connectors to 18 GHz
andType N to 12.4 GHz. The high power,
low loss versions are available with Type
N or SMA connectors performing to 18
GHz and TNC connectors, to 12.4 GHz.
Low-profile, reduced size and weight op-
tions are also available.

Maury Microwave
Ontario. Calif.
www.maurymw.com

Precision RF Components

Wide range of high-spec, non-magnetic, stainless steel
connectors, In-Series and Between-Series Adapters

Used where signal integrity and quality are important
and a high level of reliability is required

Precision products include high frequency and can run

to 18, 40 or 50 GHz

Interfaces include K-Type, N, SMA/SMP, TNC, 2.9mm,
2.4mm, BMA, SSMA and many others

Solderless connectors for semi-rigid cable also available

For more information, please contact one of our sales teams at:

USA: +1-(931) 707-1005
UK: +44 (0) 1245 347145

info@intelliconnectusa.com
sales@intelliconnect.co.uk

A different kind of Interconnect Solutions Provider

www.intelliconnectgroup.com
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Customize with CAES

With 50 years of design ex-
pertise, nearly 500 custom
cable designs and 5,000
custom and standard con-
nectors, CAES has the in-
dustry’s broadest selection
of cable systems for radar
(airborne, ground, shipboard and missile), electronic warfare,
CNI, C4ISR, satcom and laboratory test equipment. Our in-
ternal, U.S.-based manufacturing operations can fulfill orders
from a single, high-reliability custom assembly to high vol-
ume applications and meet complex electrical and environ-
ment requirements such as low loss or phase matched of
high RF susceptibility performance.

CAES
https://caes.com

1 to 18 GHz Ultra-

3 Wideband 4-Port

e 180-Degree Hybrid

= (VENDORVIEW
Micable HNO10180 is a 1 to
18 GHz ultra-wideband four-port 180-degree hybrid which can
accept a 1 to 18 GHz signal and deliver two output signals
with equal amplitude and 180-degree phase difference. It has
1.6:17 maximum VSWR, 3.3 dB insertion loss, +1 dB maxi-
mum amplitude unbalance, £10 degrees maximum phase
unbalance and 16 dB minimum isolation. Due to extremely
wide bandwidth, excellent amplitude and phase unbalance,
it can be widely applied in testing, wireless communication
and other fields.

| s

Fujian Micable Electronic Technology Group Co., Ltd
www.micable.cn

Littlebend™ Ultra-
Flexible RF Cables

J/)VENDORVIEW

HASCO, Inc., a global sup-
plier of just-in-time RF and
microwave components,
now offers over 100 unique configurations of their new line
of Littlebend™ Ultra-Flexible RF Cables, which are designed
for designed for demanding microwave interconnect applica-
tions and system designs requiring dense packaging. These
extremely flexible, triple shielded cables support a minimum
bend radius of 0.20 in. (5 mm) and a high retention force of >
90 N eliminating the need for right-angle adapters.

HASCO, Inc.

www.hasco-inc.com
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EZ Form Cable, A Trexon
Company

EZ Form Cable, a Trexon
company, is an AS9100D
certified manufacturer of
coaxial cable, coaxial cable
assemblies, RF connectors
and coaxial delay lines. EZ
Form’'s RF, microwave and mm\Wave transmission line
solutions offer proven performance for critical applications
in military/aerospace, telecommunications, medical,
instrumentation and test and measurement.

EZ Form Cable
www.ezform.com

AERO High
Performance RF
Adapters

The AERO line of 100 per
cent made in the U.S. RF
adapters deliver accuracy
with repeatability upon con-
nection/disconnection. The
company offers a full line of RF/microwave adapters from
low frequency 4 GHz BNC to high frequency 65 GHz, 1.85
mm. Aero adapters are designed, sourced and produced do-
mestically and are DFARS, IEEE and MIL-SPEC compliant.

Global Test Equipment, Inc.

https://4gte.com/product-category/rf-adapters-ameri-
can-made/

IW Microwave Cable
Assemblies

IW Microwave Products is
a manufacturer of low loss
phase stable coaxial cable
assemblies operating to 70
GHz. IW's unique dielectric lamination technique provides ex-
ceptional attenuation and phase performance over tempera-
ture, and with a range of diameters from 0.034" t0 0.750" IW
cables are suitable for inside enclosure through to system
level applications. Various jacketing, armor and interconnect
options are available including high power (EIA flanges, 7/16)
to mmWave (SMP. SMPM, 2.4 mm, 1.85 mm), making its
products suitable for a wide range of military RF/microwave
systems—IW cables are in service on land, sea and airborne
platforms worldwide.

IW Microwave Products
https://iw-microwave.com
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Cables & Connectors

> COMPANY SHOWCASE

Intelliconnect —
SEeciaIist Supplier of
RF, Microwave and
Cryogenic Connectivity

Intelliconnect is a specialist

- designer and manufacturer
of RF, microwave, waterproof and cryogenic connectors
adapters and cable assemblies suitable for applications in-
cluding quantum, wearable technology, medical, telecoms,
satcoms, military, aerospace, space, general microwave
communications, rail traction, oil and gas and marine. Intel-
liconnect manufactures the market-leading Pisces range of
waterproof RF connectors, coaxial adaptors to facilitate inter-
series connection and gender change etc. dust-caps and of-
fer value added services. Intelliconnect is a leading supplier
of cryogenic cable assemblies for quantum computing.

Intelliconnect Group
www.intelliconnectgroup.com

New MegaPhase
HyperFlex™ Series
Enables Tight Bends

MegaPhase's patented
HyperFlex™ Cable offers
superior  flexibility — when
compared to traditional sol-
derterminated connectors.
HyperFlex™ Cables incor
porate a solderless connector termination, making it easy to
make very tight bends directly behind the connector. The de-
sign eliminates solder wicking and therefore cracking at the
solder joint—typically the weakest point in a cable assembly.
Ideally suited for inside-the-box applications in military air
borne and space systems. HyperFlex™ is available in three
sizes, with a maximum frequency range through 67 GHz.

MegaPhase

https://megaphase.com/hyperflex/?utm_
source=MWJ&utm_medium=company-showcase&utm_
campaign=hyperflex

Multiport Mini-SMP for
Solderless Mounting

Rosenberger introduces
Multiport  Mini-SMP  cable
assemblies and printed cir
cuit board (PCB) connectors
which can be mounted sol-
derless on PCBs. The PCB
connectors offer superior
signal integrity for all kinds of PCBs and can be connected
with Mini-SMP — RPC-2.92 cable assemblies for frequencies
DC to 40 GHz, or with Mini-SMP — RPC-1.85 cable assem-
blies for frequencies up to 65 GHz. The Multiport Mini-SMP
system is very cost-effective—designed solderless, easy to
assemble, reusable, low abrasion, damage-free connection
and compatible with standard Mini-SMP interface.

Rosenberger
www.rosenberger.com
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Insight Calibration and
Measurement
Software

Insight™ is the indus-
try's first and only com-
mercial software platform
designed to increase con-
fidence in your measure-
ments by characterizing
the uncertainty contribution of each component of your
measurement setup and empowering you to measure your
DUT with uncertainty boundaries (see image). Validate your
VNA calibration using uncertainty, resolve measurement
inconsistencies using uncertainty, get measurement trace-
ability using uncertainty, improve the pass/fail production
test process using uncertainty.

Maury Microwave
www.maurymw.com/Precision/Insight_Software.php

Mini-Circuits:
Reliability You Can
Trust from DC to
mmWave

Y)VENDORVIEW

Mini-Circuits offers one of
the industry’s broadest port-
folios of cables, adapters and connectorized components for
DC to mmWave. That selection continues to expand with the
recent addition of waveguide adapters and more new prod-
ucts supporting higher frequencies and wider bandwidths for
emerging applications in radar, satcom 5G, 6G and beyond.
Whether you're stocking your test lab or building assembled
systems, Mini-Circuits is a one-stop shop for your intercon-
nect needs with the assurance of service, quality and reli-
ability that have earned the industry’s trust for over 50 years.

Mini-Circuits
https://lp.minicircuits.com/waveguide-adapters

RF Power Amplifier
Technology and
Coaxial Cable
Assemblies for
Demanding
Applications

For 45 years SSB-Electronic
has delivered reliable solutions for connectivity and RF sys-
tem and component design. The company'’s pulse power am-
plifiers support scientific research in synchrotron facilities like
NSRRC in Taiwan. SSB-Electronic provides high performance
coaxial cables and connectors for a wide range of challenging
applications: public buildings, wireless infrastructure and 5G,
railway, offshore and marine, space etc. Aircell®, Ecoflex®
and Aircom® Premium cable assemblies meet specific re-
quirements of those industries and contribute to projects like
LISA space mission of ESA and NASA.

SSB-Electronic GmbH
www.ssh-electronic.com
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MegaPhase"' Contact Us: 570-424-8400

N | Bend |
W Space Qualified and Ultra-Light
P, Through 90 GHz
" A " e Phase Stable Over Temperature  ® 40% Lighter Than Copper
) e Low Loss e Cost-Effective Alternative to
¢ Hand-Formable Standard Semi-Rigid Coax
The Industry Standard for Bench Testing
Through 110 GHz
e Phase Stable * Armored
e Low VSWR * Wide Variety of Connectors
* Repeatable Performance * Great Flexibility
WU VI VWL
Low Loss Armored Cables for Rigorous Environments
Through 40 GHz
e Crush Resistant e Stainless Steel Armor
e Low Loss Robust Connector * Robust Connector Termination
e Termination * Wide Variety of Connectors

e Pull-Resistant

MEGA.- 2]

High-Performance RF Interconnects for the Harshest Conditions

Equivalent to Times Microwave M8 connectors for use in both fixed and rotary
winged airframes. Mega8 multi-ports meet the harsh requirements of MIL-T-81490
and MIL-C-87104 and are guaranteed to mate with other leading industry brands.

With the right connections, 122 Banner Road, Stroudsburg, PA 18360-6433

anything is possible. Solutions@MegaPhase.com | www.MegaPhase.com




