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WORLD CLASS
RF COMPONENTS

® |solators — Microstrip & Surface Mount

® Circulators — Microstrip & Surface Mount

® Waveguides | We solicit Representations l
® Filters | from US territories |

FOR MISSION CRITICAL APPLICATIONS

® Radar ® Defense & Aerospace o EW ® SATCOM ® Space

®

U N I QU E ® Phase matched (+/- 1 deg) ® SMT Microstrip, up to 50 GHz

FEATU RES ® Smaller foot print ® In-house High-Rel test capability

® High power, 250W pulse ® Range of COTS designs available
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LTCC Passives

750+ Models

Couplers: DCto 7.2 GHz
Filters: Passbands to 40 GHz, Stopbands to 58 GHz

Power Splitters: 600 MHz to 6.5 GHz
Transformers & Baluns: 200 MHz to 18 GHz

Feedback

MMICs

700+ Models in Die or SMT

Ampilifiers: DC to 50 GHz

Control Products: DC to 45 GHz
Frequency Conversion: RF & LO to 65 GHz
Passives: DC to 50 GHz

Reflectionless Filters: Passbands to 40 GHz
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From DC to mmWave
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Magnetic Core & Wire Amplifier Modules
10k+ Models 270+ Models

Directional Couplers: 1 MHz to 6 GHz Power: Up to 250W
Power Splitters: DC to 18 GHz Medium Power: Up to 95 GHz
Transformers & Baluns: 0.004 MHz to 11 GHz Low Noise: Up to 85 GHz

Low Phase Noise: -173 dBc/Hz @ 10kHz
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{J’ t h Solutions for mission critical, radar, military defense, EW,
ap ec communications and SATCOM systems, avionics, and space platforms.

Value-added Integration
from Components to SYSTEMS INTEGRATION *’ Fost Jet
P SYSTEM PRIME

Subsystem Solutions

APITech is the Electromagnetic Spectrum A
Innovator at Tier 2.5 -4 in the supply chain. O S e e ‘ Radar or o
TIER 1 ' Communications

We work in partnership with our customers to

ensure the best possible outcomes; INTEGRATED SUBSYSTEMS & BOXES g 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. COMPONENTS Passive

TIER 4 ) coax

RF, Microwave, Microelectronics
& Power Solutions

Components, Modules, Integrated Assemblies and Subsystems.

Pre-filtered GPS LNA Discrete EMI Filters Passive Coaxial Products RF Testbed solutions

Leverages APITech’s core Superior high-frequency insertion Solution minded, performance APITech Weinschel offers solutions
competencies in low-loss filter, loss and built in accordance with MIL- driven, and customer focused to challenging 5G and Wi-Fi 6 test,
amplifier and mechanical design. PRF-15733 or MIL-PRF-28861. passive RF components. simulation and RF distribution

requirements.
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® Custom Product Development
® Electrical Test Capabilities

TIMING PRODUCTS
© (lock Oscillators

TEST &
MEASUREMENT

* (oax Adapters

* Documentation Related Services
® Obsolete Parts Replacement

* Device Tape & Reel © MEMS Oscillators o Terminations * Solder Tinning
® Hi-Rel Screening ® (rystals o Open/Shorts g * Packaging
o DIE Services o Buffer P - * Kitting
iR o Couplers '€
* V(X0 o Switches
AMPLIFIERS * T(X0 o Phase Shifters DIODES

o Gain Blocks * 0(X0 o Attenuators o PIN

* [inear Drivers o Schottky

| ow-Noise o Varactor

® Variable Gain ® Limiter

* Coaxial Module * Gunn
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® Patch g ® Gal =X
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® Goose Necks ; * High Frequency

* Body-Worn It's what we do ® Packaged & DIE

SWITCHES CABLE ASSEMBLIES ATTENUATORS FILTERS

o SMT * High-Performance Test ® Fixed * BAW / SAW

o Coaxial ® In-Box Solutions ® Digital e Ceramic e
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RFMW is THE Premier RF & Microwave specialty distributor
created to support your component selection, technical design and
fulfillment needs. RFMW offers a complete range of services for
commercial, military, and space requirements.

RFMW e 188 Martinvale Lane ® San Jose, CA 95119 U.S.A.

We provide many Value-Added Services driven by customer
requirements — because we know RF and microwave.
RFMW is the center for all your design solutions.
Visit our website to learn more: www.rfmw.com

Toll Free: +1-877-367-7369 * www.RFMW.com ¢ sales@RFMW.com
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New High-Power PIN Diode Switches
and Programmable Attenuators

Our new series of High-Power PIN Diode Switches and
Programmable Attenuators are extremely useful in transmit
and receive chains and are well-suited for Electronic
Warfare and Electronic Countermeasures
applications. The innovative lineup of
broadband Programmable Attenuators 8 \ o
covers DC to 40 GHz and offers s';

designers flexibility with
TTL, USB, or Relay
controlled options.

Smarter Connectivity
for Electronic Warfare

fairviewmicrowave.com EEE . . . .
+1 (800) 715-4396 e Fairview Microwave

+1 (972) 649-6678 M B an INFINIT® brand
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Introducing the world’s
smallest high-trequency

wirewound chip inductor!

Actual Size
(Tiny, isn’t it?)

Once again, Coilcraft leads the way with another

major size reduction in High-Q wirewound chip inductors

Measuring just 0.47 x 0.28 mm, with an
ultra-low height of 0.35 mm, our new
016008C Series Ceramic Chip Inductors offer
up to 40% higher Q than all thin film types:
up to 62 at 2.4 GHz.

High Q helps minimize insertion loss in
RF antenna impedance matching circuits,
making the 016008C ideal for high-frequency
applications such as cell phones, wearable

/

devices, and LTE or 5G IoT networks.

The 016008C Series is available in 36
carefully selected inductance values ranging
from 0.45 nH to 24 nH, with lower DCR
than all thin film counterparts.

Find out why this small part is such
a big deal. Download the datasheet
and order your free samples today at
www.coilcraft.com.

®
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Catch Frequency Matters,
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High-Frequency
Amplifiers

Ultra-Wideband Performance NEW TO MARKET
ZVA-71863+ Series
» 71to 86 GHz
Features for Almost Any Requirement Now up to E-Band . Low Noise & Medium
High gain, up to 45 dB PowerModels
ZVA-35703+
Noise figure as low as 1.7 dB . 351071 GHz

Output power up to 1W
Rugged designs with built-in protections
Wide DC input voltage range
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How Did Maxwell Know That Light
Vibrates Transversely?

Seriously folks, we can't look at light and see
that it is vibrating, much less vibrating side-to-
side. How did Maxwell know?

\X/e have a sketch of six-year-old Maxwell at a
dance. Instead of watching the dancer, he is in-
tensely trying to figure out how the violin works.

spiral down into the sun. So...this ‘medium’ must
have no shear strength. So...light cannot possibly
be a wave! These problems were not solved in
Maxwells lifetime.

To make great discoveries, a true genius must
choose which information to use. Those who make

This is foreshadowing. A violin
string vibrates transversely. It can
do this because the violin string
has shear strength. The music from
the violin vibrates the air longitudi-
nally. Air has no shear strength. It
cannot vibrate transversely.

the wrong choice are guilty of ‘Con-
firmation Bias’ and fail. Those who
make the right choice, well, that is
what Maxwell did.

Of course, today, we view light
as having both wave- and particle-
like properties. And as for the

In April 1847, Prof. Nicol (a
friend of Sir David Brewster) gave
15-year-old Maxwell a piece of
Iceland Spar. A crystalline form of
calcite, it exhibits birefringence,
a kind of anisotropy. Everything
appears doubled through it. That
means there must be two differ-

Luminiferous Aether, it is simply
unneeded.

A rich source of information on
Maxwell’s youth is a reprint of the
definitive 1882 biography, “The
Life of James Clerk Maxwell (lllus-
trated)” available on Amazon. An

ent kinds of light wave. Today we call it, for ex-
ample, vertical and horizontal, or right-hand and
left-hand polarization. The only way we can have
two kinds of waves is if it is transversely polar-
ized. A sound wave in air cannot be polarized.
Maxwell decided to ignore several problems,
for example, is light even a wave? Newton had
insisted it was particles. And then if it is a wave,
it must vibrate in some sort of medium, let’s call
it the ‘Luminiferous Aether.” But the Earth plows
through this supposed medium and does not

20

amazing museum of Maxwell is
housed in his birth home in Edinburgh, Scotland,
\Xelcome to the James Clerk Maxwell Founda-
tion. Finally, put a visit to Glenlair, Maxwell's
country estate, on your bucket list. Recently
restored and preserved, about two hours by car
from Edinburgh, Glenlair, The Maxwell at Glenlair
Trust, it is a richly rewarding journey.

For more information:

www.amazon.com/Life-James-Clerk-Maxwell-lllustrated/dp/
BO858TPFYF

www.clerkmaxwellfoundation.org/
www.glenlair.org.uk/
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We’re with you all the way

AR offers over 100 amplifiers ranging
from 10 Hz - 50 GHz and with power
levels of T W - 100 kW.

For more information on AR Amplifiers, visit www.arworld.us
Or contact us at info@arworld.us & 215.723.8181
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SILVER! When high-volume waveguide component testing looks like a high hurdle,
SPOoNSOR Eravant gives you a leg up. Proxi-Flange™ waveguide segments make contactless
waveguide connections a reality. Wave-Glide™ fixturing systems make contactless
VISIT ERAVANT 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.

IN DENVER!

See the Wave-Glide™
and Proxi-Flange™
demonstrated live
along with Eravant
VNA extenders and
calibration kit!
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Anatomy of the 5G
Small Cell

Patrick Hindle

Microwave Journal

he industry has been talking about the small cell market for many

years as being on the verge of huge growth, but while it is a siz-

able market and there has been some growth, it has not taken off

as quickly as many expected. Though with the emergence of 5G,
it is poised to do so; meeting the goals of increased capacity in dense areas
and the large number of connections needed for loT applications. In 2020,
the 5G small cell market was $741 million and is expected to grow to about
$18 billion by 2028, according to Forbes Business Insights, exhibiting a com-
pound average growth rate of 54 percent.

The Small Cell Forum recently published “5G NR FR1 Reference Design,
the case for a common, modular architecture” that outlines the design of
small cells in detail (Document 251.10.01). This article is based on sections
3.2-3.4, outlining the architectures for the RF section of small cells.

The market for small cells is diversifying for use in many cases, deploy-
ment models and form factors. According to the report, with each scenario
having its own connectivity requirements, there is a significant risk of frag-
mentation, which would make many networks uneconomic. This risk can be
eliminated by creating common platforms based on standard interfaces,
which enable a wide range of components to interoperate to support di-
verse small cell designs while retaining economies of scale. This approach
is like the Open RAN effort that is being developed at the network level
and the Open RF effort to standardize the RF front-end (RFFE).

The interfaces between different vendors’ small cells, or between differ-
ent functional splits, are not uniform. This can increase cost, complexity, in-
tegration time and reduce scale. Common interfaces address the challenge
that not every component can be uniform. The biggest issue addressed
in the report is that the RFFE will be different, depending on spectrum
frequency, output power and other factors. Neutral host and enterprise de-
ployments need to support as many frequencies as possible to accommo-
date many users, which increases the bandwidth requirement.

According to the Small Cell Forum, the solution to the RFFE issue is a
modular approach to small cell network design, in which a variety of RFFE
designs can be interfaced in a standardized way, like the baseband and
transceiver units. The RFFE can be swapped in and out to support different
markets without changing the rest of the platform.

While the report provides the framework for the components and inter-
faces that make up a 5G NR FR1 small cell distributed radio unit, this article
will concentrate on the RFFE FR1 architectures outlined by the Small Cell
Forum, since those are the ones of interest to RF designers.

RF TRANSCEIVERS

The RF transceivers contain independently controlled transmitters, dedi-
cated observation receiver inputs—for monitoring transmitter channel out-
puts—independently controlled receivers, integrated synthesizers and digi-
tal signal processing to provide a complete transceiver solution as shown in
Figure 1. The transceivers support both time-division duplexing (TDD) and
frequency-division duplexing (FDD) applications.
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To meet the 5G FR1 speciﬁcations, the transceiver can
operate in a wide frequency band covering a range from
650 MHz to 6 GHz (or higher). Depending on the num-
ber of controlled transmitters and receivers in the single-
chip transceiver device (2T2R, 4T4R, etc.), the transceiver
bandwidth performance can be specified. One or two
observation receiver channels can monitor feedback
from the transmitter outputs. The feedback loop can be
used to implement error correction, calibration and sig-
nal enhancing algorithms, such as crest factor reduction
and digital predistortion (DPD). The observation receiv-
ers operate in the same frequency range as the transmit-
ter channels and can support a channel bandwidth up to
more than 2x the transmitter bandwidth.

To improve transmitter dynamic range, the trans-
ceiver can provide a power control range using variable
attenuator(s). To achieve a high level of RF performance,
the transceiver includes integrated phase-locked loops
(PLLs). The PLLs provide low noise RF synthesis for the
transmitter and receiver signal paths, support an inde-
pendent frequency for the observation receiver and
generate clocks for the converter and the digital circuits
for signal processing and communication interfaces.

RFFE
The RFFE in a small cell radio provides the following

functionality:

* [tsequentially or simultaneously boosts up the power
of the transceiver output signal and amplifies the re-
ceived signal from the user equipment (UE) based on
the control from the baseband or the RF transceiver.

* |t provides the transmitter observation path to the
RF transceiver to further improve the linearity of the
entire transmitting path, based on the digital algo-
rithm/calibration, i.e., DPD.

e |t filters out the harmonic or intermodulation signals
on the transmit path and the jamming or interfering
signals on the receive path.

To accomplish this functionality and to optimally
balance cost and performance, current RFFE imple-
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A Fig. 1 Example of an RF transceiver architecture.

mentations typically fall into heterogeneous integra-
tion, which involves multiple discrete active and pas-
sive components fabricated by different technologies.
For example, the power amplifier (PA) is usually imple-
mented in GaAs, GaN or LDMOS processes because
the transistor breakdown voltage is multiple times
higher than the CMOS process for generating the de-
sired output power efficiently.

The low noise amplifier (LNA), the first amplifier on
the receive path, should ideally have a noise figure (NF)
lower than 1 dB and an input third-order intercept point
to meet the sensitivity and blocking requirements in the
small cell. The PHEMT-based LNA is a common choice
due to its low NF and sufficiently high operating voltage.

In the filters, the passband loss, the rejection out-
side the passband and power handling are the three

# EXCEED
7  MICROWAVE

SEARCHING
FOR SALES
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FILTERS

www.exceedmicrowave. com
sales@exceedmicrowave.com
424-558-8341
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key parameters in the component
selection. The acoustic wave filters,
including surface acoustic wave
and bulk acoustic wave, are cur-
rently the popular choice for the
receive path due to their high re-
jection with a small footprint. The
ceramic-type filter is typically cho-
sen to connect the RFFE to the
antenna, as its power handling is
greater than that of acoustic filters.

Based on the current 3GPP defi-
nition, there are more than 20 fre-
quency bands for sub-6 GHz 5G.
This implies that RFFE hardware
will be band selective. The compo-
nent suppliers will typically try to
develop multiple products in a pin-
to-pin-compatible family to cover
the entire sub-6 GHz bands to mini-
mize RFFE hardware changes when

Rubidium s MG362x1A
/Inrl tSU Advancing beyond www.anritsu.com
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alog signals at the
desired frequency.
Most available 5G
NR FR1 transceiver ICs are based
on a CMOS process, can operate
up to 6 GHz to cover the entire FR1
spectrum and support at least 4T4R
in a signal IC. (FR1 was changed to
7 GHz but most still refer to it as
up to 6 GHz). Some transceivers
further integrate digital functions
to implement algorithms to cali-
brate or improve the entire signal
chain, e.g., linearity, image rejec-
tion, leakage reduction and spuri-
ous filtering.

The baseband function is al-
most entirely digital, configured by
software and independent of RF
frequency. Baseband components
include digital processors, memory
and interface components. Small
cell radio units designed for high

volume markets may integrate all
functions onto a single printed cir-
cuit board (PCB) for lowest cost.
Alternatively, some lower volume
markets may be addressed more
economically using a modular so-
lution; for example, integrating
the interfaces, power, baseband
and RF transceiver functions onto
one PCB serving multiple markets;
while band-specific components
are grouped into a separate mar-
ket-specific RFFE module (FEM).

FUNCTIONAL BLOCK TDD

Figure 2 shows a transmitter/
receiver with two observation path
RFFEs in TDD for sub-6 GHz 5G.
TDD means both transmitter and
receiver operate alternately in the
same frequency band. Ideally, in a
2T2R configuration, the two trans-
mitting paths are identical; the same
holds for the receiving and observ-
ing paths. All the RF components in
the RFFE interface to each other in
a 50 Q system. The observing path,
implemented by the directional
coupler, couples a small amount of
output power from the PA and feeds
it into the transceiver for signal anal-
ysis and processing. This enables
the transceiver to accurately moni-
tor and control the output power,
as well as applying DPD to improve
the linearity of the transmit signal.
The operating frequency of the ob-
serving path is typically identical to
that of the transmit path.

Unmatched signol purity and frequency stability
With on-site frequency and power calibration

© 2021 Anritsu Company
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TABLE 1
TWO COMMON SMALL CELL USE CASE CONFIGURATIONS

Specification Indoor Outdoor
Small Cell Small Cell

Pmax/Port (dBm) 24.0 34.0

Pmax/Port (W) 0.25 2.5

Number of TX Antenna Chains/Ports (TX RU) 2 4
Total Pmax (W) - Max rms Rated Power 0.5 10.0
Total Pmax (dBm) 27.0 40.0

NORDEN
MILLIMETER

Norden Millimeter develops frequency
multipliers, converters, and amplifiers
between 0.5 and 110 GHz.

e L

One of our more popular products is our
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o, e

(530) 642-9123
Sales@NordenGroup.com

30

The PAis typically a GaAs-based,
high efficiency amplifier that uses the
DPD algorithm from the transceiver
or baseband to deliver adequate
output power with high efficiency
and linearity, while reducing the
power consumption and heat gen-
eration compared to a linear ampli-
fier. The receiver FEM integrates an
LNA and a single pole double throw
(SPDT) switch into a single compo-
nent. A single component is favored
over a discreet solution, because of
improved performance, lower cost
and smaller PCB footprint.

The bandpass filter (BPF) between
the circulator and antenna port (i.e.,
the antenna filter) typically helps
eliminate harmonic signals gener-
ated by the PA and protect the re-
ceiving path from interference and
jamming. The filter after the LNA,
the second filter in the receive path,
further suppresses interfering signals
from the antenna (ANT) port. The
circulator, which is a non-reciprocal
component, transmits the PA signal
to the antenna while shielding the PA
and switch from the reflecting signal
from the antenna port, caused by im-
pedance mismatches.

Some systems insert a power
sensor between the switch and cir-
culator to monitor the input power
coming from the ANT port. When
the sensor indicates the input
power is higher than the expected
value, the receiver components can
be shut down or bypassed to avoid
damage. Both the antenna filter and
circulator must handle the output
power of the PA without damage.

Table 1 shows two of the most
typical small cell configurations:
one for indoor and one for outdoor.
24 dBm is the required conducted
power for the indoor small cell, and
the table shows typical line up cal-
culations to illustrate how the RFFE
achieves the targeted output pow-
er. The analysis is based on typi-
cal performance specifications of
products generally available in the
market, with a few choices made to
ensure signal integrity, cost com-
petitiveness and multiple vendors.

For simplicity, the block diagram
in Figure 3 only shows a single
transceiver RFFE and its interfaces
to the transceiver board and ex-
ternal antenna. The passive com-
ponents and interconnections con-
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tribute to loss in the system, as well
as path losses. The RF ports of the
transceiver are all differential and
require passive baluns to connect to
the RFFE board. The passive com-
ponents on the RFFE board include
the coupler, circulator and BPFs.

Figure 4 shows the PA output
power must be +28 dBm to com-
pensate for filter and antenna losses,
ensuring +24 dBm is delivered to
the antenna port. Typically, the trans-
ceiver can deliver around 4 to 6 dBm
power CW. With the peak to average
power ratio of the NR signal, targeted
DPD expansion and the balun’s loss,
the average output power from the
transceiver board is about -7 dBm.
To deliver 24 dBm to the antenna,
the power gain of the PA needs to
be at least 35 dB to compensate
for the loss of the transmitting path.
With DPD, the PA's saturated output
power should be at least 36.25 dBm,
with its 1 dB compression point at
least 32.25 dBm. More detail about
the RFFE transmit and receive line
ups are in Table 2.

In the receive path, the FEM,
which integrates an LNA and SPDT
switch into a single component, is
the only active component. The
typical gain and loss of the extra
components, including BPF2, with
the FEM and transceiver gain and
NFs, are summarized in the table.

Using the equation for NF in a
cascaded system, the NF of the en-
tire receive path is about 5.47 dB.
The effective receive gain, which is
the sum of all gains and losses on
the receive path, is 35.9 dB. The
total NF can be improved by either
using passive components with less
loss or increasing the LNA gain.

The temperature sensors in the
RFFE help the system monitor the
operating temperature of the RFFE in
operation. Multiple temperature sen-
sors individually measure the temper-
atures in different locations, outline
the temperature profile of the RFFE
and assist with making electrical ad-
justments to minimize RFFE tempera-
ture variants, or shutting down the
hardware if the RFFE is overheating.

The memory inside the RFFE
stores the following information to
help the small cell in system initial-
ization, online or offline calibrations.
e Hardware manufacturing infor-

mation
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RFFE electrical

types

characteristics,
including linear and non-linear

dependence.

+28 dBm

+28 dBm

Loss = 3-4 dB

Total Conducted Output
Power = +27 dBm

<« Fig. 4 2T2R
Indoor Small Cell TX
power budget.

+24 dBm

Loss = 3-4 dB

+24 dBm
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e Performance variants due to fre-
quency, temperature and bias

FUNCTIONAL BLOCK FDD
Figure 5 shows the FDD RFFE
block diagram. The dashed line in
the figure indicates the boundary
between the RFFE and two duplex-
ers in a 2T2R configuration. The di-
agram on the left side of the line is
identical to the same portion of the
TDD RFFE, except for the connec-
tions of the circulators and switch.
This design approach consequent-
ly unifies the RFFE interface with
antennas in the two systems. This
methodology can reduce the extra
effort when changing the design or
implementing a multi-mode small
cell to provide TDD and FDD op-
eration in the same hardware.

TABLE 2

RFFE TRANSMIT AND RECEIVE
LINE-UP REQUIREMENTS
FOR INDOOR SMALL CELL CASE

RFFE Transmit Line-Up

Parameter Value
CW Power of Transceiver 5.15dBm
PAPR of NR Signal 8.5dB
DPD Expansion 3dB
Balun Loss 0.8 dB
Average Power of -7.15dBm
Transceiver PCB
Interconnection Loss 0.1dB
PA Gain 35dB
Average Power of PA 27.7 dBm
Coupler Loss 0.25dB
Circulator Loss 0.5dB
BPF1 Loss 2.5dB
ANT Interconnection 0.2 dB
Loss
Average Power at 24.3 dBm

RFFE ANT Port

RFFE Receive Line-Up

Parameter Value (dB)

ANT Interconnection 0.2
Loss
BPF1 Loss 2.5
Circulator Loss 0.5
FEM Gain 28
FEM NF 1.4
BPF2 Loss 3

Interconnection Loss 0.1
Balun Loss 0.8
TRx NF 15
TRx Receiving Gain 15
Total NF of Receive Path 5.47
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frequency. The data formats for
the content inside the memory of
the FDD block diagram, compared
with the TDD diagram, use differ-
ent frequency points to record the
transmitter’s and receiver’s electrical
performances.

Antennas

The antenna radiates the RF
power and receives the signal from
the UE. In both TDD and FDD small
cells, the transmitting and receiving
paths from the same RF transceiver
share the same antenna. The num-
ber of RF transceiver ports and the
polarization diversity of the small
cell define the total number of an-
tenna elements connecting to the
cell. Based on the system require-
ments, the antenna can be either
omnidirectional, for full 360-degree
coverage, or directive, to focus the
radiation on narrower angles. The
antenna can be planar, realized by
a multilayer PCB, and integrated
into the RFFE board.

A planar antenna (like a patch,
slot and planar inverted-F) typically
has a gain of 3 to 7 dBi. 3D anten-
nas are also popular in small cells
such as dipole, monopole and he-
lical. These typically use cables or
connectors to interface to the RFFE
and may be integrated within the
small cell radio. If integrated, they
may be incorporated onto the PCB
without connectors or mounted off-
board, in which case flying leads
may be soldered or connected us-
ing, for example, UFL-style connec-
tors. When the antennas are not
integrated, as with higher power
outdoor small cells, waterproof RF
connectors such as N-type or 4.3-
10 may be employed.

CONCLUSION

While the small cell architecture
is a little different for FDD versus
TDD, many common signal chains
can be shared. Standardization
of architectures can reduce cost,
speed time to market and minimize
complexity while diversifying the
supply chain. It remains to be seen
if standard architectures will be
widely adopted, but they are gath-
ering momentum; in either case,
the architectures covered here will
closely represent the design of
small cells for the 5G market. R
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OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. re% GH  Gain @) MIN  Noise Figure (dB)  Power-out@Pp1d8  3rd OrderICP VSWR
CA01-2110 2 . , 0. + +20 dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1
CA24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +10 MIN +20 dBm  2.0:1
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm  2.0:1
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
Ciao Wireless, Inc. 4000 Via Pescador, Camarille, CA 93012
Tel (805) 389-3224 Fax (805) 389-3629 sales@ciaowireless.com



DARPA Awards Phase 2 of Next-Gen
Advanced Electronics Program

fter the successful completion of Phase 1 of

the next-generation electronics program, the

Defense Advanced Research Projects Agen-
cy (DARPA) has provided BAE Systems’ FAST Labs re-
search and development organization a $5 million con-
tract for Phase 2 of the Technologies for Mixed-mode
Ultra Scaled Integrated Circuits (T-MUSIC) program.

T-MUSIC is designed to enable disruptive RF mixed-
mode technologies by developing high performance
RF analog electronics integrated with advanced digital
electronics on the same wafer. This technology supports
critical communications, radar and electronic warfare
capabilities, and is widely used to support commercial
telecommunications.

“Building on the success of Phase 1, in Phase 2 we'll
continue to develop the advanced electronics capabili-
ties that could serve as the foundation for greatly en-
hanced Department of Defense (DOD) capabilities in ad-
vanced RF sensors and high-capacity communications,”

: ST said Chris
» ‘ S, Rappa, prod-
a MLk @ uct line direc-

tor for RF, EW
and Advanced
| Electronics at
) BAE Systems'’

FAST Labs.
< . “Phase 2 of
T-MUSIC (Source: BAE Systems) the program

will move the
industry closer to the eventual fielding of this disruptive
technology to protect our warfighters.”

The next-generation capabilities that could be made
possible with this program include a combination of
wide spectral coverage, high-resolution, large dynamic
range and high information processing bandwidth. As
services rely on electronic sensors in highly congested
environments, these capabilities can cut through elec-
tronic signal clutter to provide mission critical leap-for-
ward performance.

IBCS Expands Capabilities

orthrop Grumman Corporation’s Integrated

Battle Command System (IBCS) successfully

completed two recent U.S. Army flight tests,

further demonstrating the system'’s scalability and resil-

iency to enable all-domain command and control ca-
pabilities.

In the first flight test, the U.S. Army intercepted a

high performance, high speed tactical ballistic missile

(TBM) target using IBCS, aided by Northrop Grumman'’s

For More
Information

MW]JOURNAL.COM m MAY 2022

DefenseNews
Cliff Drubin, Associate Technical Editor

Joint Tactical Ground Station (JTAGS) which delivered
space-based sensor data to the system for early warn-
ing of an inbound TBM launch. IBCS established a track
from the JTAGS data before ground-based sensors
were able to detect the target, thus providing increased
situational awareness for the operators.

During the second flight test, IBCS demonstrated the
resilience of the system to defeat two cruise missile tar-
gets in a stressing electronic attack environment. IBCS

: . was able to
maintain  con-
tinuous  track
custody of the
targets by fus-
ing data from
multiple  sen-
sors degraded
by electronic
attack.

The testing took place at White Sands Missile Range,
New Mexico, utilizing operationally realistic scenarios
with soldiers of the U.S. Army 3rd Battalion, 43rd Air
Defense Artillery Regiment at the controls of the sys-
tem. These tests are part of the Initial Operational Test
and Evaluation of IBCS, in which the system is evaluat-
ed on its operational performance prior to deployment
and full-rate production.

IB

Spy-6 Radars for Next-Gen U.S. Navy Ships

aytheon Missiles & Defense, a Raytheon
Technologies business, was awarded a $651
million, with options totaling $2.5 billion,
hardware, production and sustainment contract for full-
rate production of the AN/SPY-6(V) family of radars. The
contract, with options, totals $3.2 billion and five years
of radar production to equip up to 31 U.S. Navy ships
with SPY-6 radars.

Under the contract, RMD will produce solid-state,
fixed-face and rotating SPY-6 variants that will deliver
unprecedented integrated air and missile defense ca-
pabilities for seven types of U.S. Navy ships over the
next 40 years. Those vessels include the Navy's new

— 1 P

SPY-6 (SJ:c:>urce: Raytheon Tenologies)

Visit mwjournal.com for more defense news.
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Arleigh Burke class Flight lll destroyers, aircraft carriers
and amphibious ships. Today’s Flight [IA destroyers will
be backfit with an upgraded radar.

“There is no other radar with the surface maritime ca-
pabilities of SPY-6,” said Wes Kremer, president of Ray-
theon Missiles & Defense. “SPY-6 is the most advanced
naval radar in existence, and it will provide our military
a giant leap forward in capability for decades to come.”

Since its inception, more than $600 million has been in-
vested in the development and manufacturing of the SPY-
6 family of radars. When compared to legacy radars, SPY-6
will bring new capabilities to the surface fleet, such as ad-
vanced EW protection and enhanced detection abilities.

SPY-6 radar installation is complete on the Navy's first
Flight Ill destroyer, the U.S.S. Jack H. Lucas (DDG 125),
which is scheduled to be operational in 2024. Radar ar-
ray deliveries are complete for the next ship in the class,
the future U.S.S. Ted Stevens (DDG 128).

Successful Test of Multiple Object Tracking
Radar

AE Systems successfully completed proto-
type tests of its Multiple Object Tracking Ra-
dar (iIMOTR), a mobile instrumentation radar

adS NOW.

.

that provides precise radar data on multiple objects.

The company demonstrated iIMOTR's ability to meet
critical key performance parameters-range, transport-
ability, accuracy and beacon tracking that other radars,
with comparable cost, size, weight and power, cannot.

iMOTR is a new approach to radar, as it uses low-
cost phased array technology developed by DARPA
to provide an affordable high performance radar. The
phased arrays are operated with an interferometry
design that makes iIMOTR more accurate than con-
ventional tactical phased array radars. iMOTR is po-
sitioned to be the lowest cost choice for DOD test in-
strumentation to measure performance at test ranges
within and outside of the U.S.

iMOTR (Source: BAE Systems)

Visit Booth 3041
e Internatlonal

e Symposium
(IMs)

ology products through hevelopment ofadva .

and aerospace sectors.

vower solid state
*ﬂ@phﬁd‘k PA) for the radar, EW, communications
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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
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5G Forecast

fter three full years of growth, global wireless

5G adoption has reached the rapid accelera-

tion phase, having exceeded a half-billion
connections by the end of 2021 and forecast to reach
1.3 billion by the end of this year, according to data from
Omdia and 5G Americas, the wireless industry trade as-
sociation and voice of 5G and LTE for the Americas.

Chris Pearson, president of 5G Americas said, “We
are now out of the opening stages of this generation of
wireless cellular technology, as 5G is rapidly getting into
the hands of consumers and businesses, who are find-
ing innovative new ways to use mobile connectivity.”

According to the most recent data from Omdia, the
world added 303 million 5G connections year over year,
representing a 139 percent increase from 218 million to
521 million, and sequentially 19 percent growth quarter
over quarter from 437 million in Q3 2021 to 521 mil-
lion in Q4 2021. According to Omdia’s forecast, 5G is
expected to double to 1.3 billion connections in 2022,
nearly double again in 2023 to 2 billion connections
and reach 4.8 billion by the end of 2026. Of that, 516
million is expected to come from North America and
301 million from Latin America and the Caribbean.

By region, North America had a total of 72 million 5G
connections by the end of 2021, which is an addition
of 54 million 5G connections for the year, a gain of 292
percent year over year. Additionally, the region had 514
million LTE connections by the end 2021, which repre-
sents near full market maturity.

Although 301 million 5G connections are expected
for Latin America in the Caribbean by 2026, 4G LTE re-
mains the dominant wireless cellular technology in the
region today with 495 million connections. That rep-
resents 17 percent annual growth with the addition of
72.6 million new LTE subscriptions year over year. Om-
dia expects 4G LTE growth will remain strong in Latin
America and the Caribbean through 2022 with the ad-
dition of 43.2 million new 4G LTE connections, as 5G
adoption begins to overtake 4G LTE.

Overall, the number of 5G commercial networks
has reached 216, according to data from TeleGe-
ography and 5G Americas. That number is expect-
ed to reach 330 by the end of 2022 and 352 by the
end of 2024, representing strong 5G network invest-
ment growth in many regions throughout the world.

5G: The Market GaN Needs

he current state of 5G has seen less techno-
logical innovation than might have initially
been expected with the promise of high fre-
quency, Gigabit download speeds and millisecond la-
tency are yet to be realized in a major way. There is cer-

For More
Information
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CommercialMarket
Cliff Drubin, Associate Technical Editor

tainly more scope for technical development and hence
opportunities for several technologies and materials, a
critical one of which is the semiconductor technology
with wide bandgap semiconductors. IDTechEx's latest
research report on “Thermal Management for 5G 2022-
2032" finds that GaN has a significant opportunity with-
in the 5G market and this creates a downstream effect
on other components such as die attach materials.

Laterally-difftused metal-oxide semiconductor (LD-
MOS) devices have been the technology of choice for
power amplifiers through the 4G era. These power am-
plifiers provide the crucial role of boosting the signal
for transmission. The trouble is once we move above
approximately 4 GHz, LDMOS starts to become inef-
ficient. Efficiency is a critical factor for telecoms infra-
structure as it directly impacts the energy consumption
of the antenna. With much of 5G infrastructure being
deployed alongside existing equipment, the energy
consumption of telecoms towers is set to increase dra-
matically, adoption of wide bandgap semiconductors
like GaN is one method to reduce this future impact.
GaN provides greatly improved efficiencies at higher
frequencies, depending on the specific use case, this
can be in the region of 10 percent or more improve-
ments for efficiency.

With the growth of 5G continuing, especially for
higher frequencies, we're expecting a significant uptake
in GaN over the next decade, especially for the higher
end of the sub-6 GHz infrastructure where higher pow-
ers are being used and component integration is not
quite as challenging as it is in the mmWave region. For
this application, IDTechEx predicts a four-fold increase
in GaN demand per year by the end of the decade.

The adoption of wide bandgap semiconductors
typically raises the junction temperature of devices
and starts to bring more thermal management consid-
erations. One critical failure point with thermal cycling
is how the semiconductor device is connected, or the
die attach material. Junction temperatures for GaN de-
vices are often above 175°C, at this point we start to
limit the options for typical solder materials, especially
when lead-free is a requirement in most markets. This
is leading many players to consider sintering materials.
Sintering involves the application of a (typically silver)
paste that is heated causing densification. The upshot
is a more reliable connection with improved thermal
conductivity. This has already started to be adopted in
a big way in the electric vehicle market thanks to the
transition to SiC and 800 V platforms.

The key limitation historically has been the lack of
commercial experience, long curing times and the need
for an inert atmosphere or higher pressures, but devel-
opments of these materials, greater market adoption
and the trend toward GaN could see sintering start to
make a big impact in the 5G market too. IDTechEx is ex-
pecting a 10-fold increase in demand for sintering ma-
terials in 5G infrastructure by 2030. There is also a great

Visit mwjournal.com for more commercial market news.
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interest in the development of copper sintering materi-
als over silver due to the potentially reduced costs and
improved performance but falls into the same issues as
silver sintering had originally compared to solder.

Industry Collaboration to Develop 5G
Device Power Profile Study

he Open RF Association announced it com-

pleted the initial phase, in collaboration with

Signals Research Group, of a study deter-
mining RF power levels used in 5G handsets to help the
industry better optimize data throughput performance
and ultimately improve battery life.

“This project is an important step toward optimizing
battery life of 5G devices,” said Open RF Association
President Kevin Schoenrock. “Comprehensive data
around the power levels in 5G handsets will be critical
for our members, and the industry in order to devel-
op leading-edge technologies to set the performance
standard for next-generation wireless devices.”

Open RF Association members and affiliates have
contributed data and analysis to the study, which the
consortium will use to create a histogram showing RF
power levels used in 5G handsets under real-world net-

work conditions. Understanding network use cases will
enable OpenRF members to develop best-in-class, op-
timized solutions.

“With the field data collected from a commercial 5G
SA network and the detailed analytical work that Sig-
nals Research Group performed on behalf of OpenRF,
there are now 5G PA
characterization profiles
in place,” said Michael
Thelander, president of
Signals Research Group.

The study is the first
of a series commissioned
by the Open RF Associa-
tion to help update and
improve power profile data as handsets and loT wire-
less devices evolve with the buildout of 5G networks over
time. The newly established usage curves will provide the
industry with a key data set enabling interoperable sys-
tem optimization among OpenRF members to improve
system performance over time. OpenRF will continue
working with Signals Research Group on the continued
development of the study. Mobile Experts, Inc. will also
support the collection and integration of additional data
as the study evolves to impact all 5G devices.

The initial study is expected to be released to mem-
bers in June 2022.

Will enable

optimized power
solutions for handsets
and loT devices.
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PMX40 offers the capability of a benchtop instrument, the
simplicity of a touchscreen user interface, the flexibility of
USB sensors, and Boonton award-winning technology
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Phone: +1.973.386.9696
www.boonton.com
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sk Aroundthe Circuit
.. Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

Kratos Defense & Security Solutions, Inc. has ac-
quired CTT Inc. Based in San Jose, Calif., CTT is a lead-
ing supplier of RF/microwave power amplifiers, low
noise amplifiers, frequency converters and frequency
multipliers. CTT delivers products from 10 MHz to 50
GHz, with applications including EW, ECM, ESM, radar,
missiles, jammers, UAVs, test and measurement, tele-
com and more.

Leonardo DRS Inc. announced it has signed a defini-
tive agreement to sell its Global Enterprise Solutions
business to SES for $450 million. The transaction has
been approved by the boards of directors of Leonardo
and of SES. Finalization of the deal is targeted for the
second half of 2022 subject to regulatory approvals.

Qualcomm Incorporated announced it has completed
its acquisition of Arriver™ from SSW Partners, enhanc-
ing Qualcomm Technologies’ ability to deliver open,
fully integrated and competitive advanced driver assis-
tance system solutions to automakers and Tier-1 sup-
pliers at scale. As a result of the acquisition, Qualcomm
Technologies will incorporate Arriver's Computer Vi-
sion, Drive Policy and Driver Assistance assets into its
leading Snapdragon Ride™ Platform portfolio.

COLLABORATIONS

Aitech Systems, a leading provider of rugged boards
and system level solutions for military, aerospace and
space applications, announced its strategic partnership
with Sidus Space, Inc. to develop and deliver custom
command and data handling flight computers and
peripherals for LizzieSat™ microsatellites. Its flagship
multi-mission microsatellite, LizzieSat, seamlessly links
with the Sidus constellation, leveraging the full in-space
services of the Sidus fleet. This dramatically enhances
the collection and intelligent analysis of space-born
data returning richer, more precise data down-to-Earth
in less time.

Anokiwave, Inc. and Swedish antenna manufacturer
Requtech have announced a collaboration to enable
satcom-on-the-move applications over LEO/MEO/
GEO communication satellites. As part of this collabo-
ration, Anokiwave provides advanced, low-cost Si sec-
ond generation satcom Ku- and K/Ka-Band ICs to pow-
er Requtech’s RESA-S family of fully integrated phased
array flat panel antenna terminals.

Ball Aerospace, in collaboration with diversified manu-
facturer Flex, started production on its Ku-Band and
Ka-Band modular electronically steered antenna subar-
rays at the Flex site in Austin, Texas. By leveraging Flex's
global supply-chain organization and experience man-

For More
Information
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ufacturing complex communications products, Ball will
be able to provide these advanced satellite-based mo-
bile communications solutions at an affordable price.

ACHIEVEMENTS

Mission Microwave Technologies, LLC, announced
that it has reached a milestone in the manufacturing of
more than 10,000 solid-state block up-converters for
their customers. The company was founded in 2014
to bring advances in GaN semiconductors to the satel-
lite terminal business. The majority of the 10,000 units
manufactured since inception were built and shipped
over the past two years and have supported the rapidly
growing satcom mobility market in X-, Ku- and Ka-Band
at power levels up to 400 W.

Powercast Corporation, a leader in RF-based over-
the-air wireless power-over-distance technology, an-
nounced that it has shipped 10 million wireless RF Pow-
erharvester® PCC110 chips in the last two years alone.
The company attributes this milestone to increased de-
mand for wireless power-over-distance solutions which
free devices from wires, batteries and placement restric-
tions such as the direct contact with a charging surface
that the Qi wireless charging standard requires.

CONTRACTS

Echodyne, the radar platform company, announced that
Advanced Technology Systems Company, the prime
contractor for the $191 million indefinite delivery, indefi-
nite quantity (IDIQ) contract for the U.S. Army’s Security
Surveillance System (SSS) program of record and a leader
in force protection systems and border/maritime surveil-
lance systems, has received its first order for Echodyne
radars to be used under the SSS program. The IDIQ con-
tract has a five-year base period, with a three-year option
to extend the period of performance.

Mercury Systems, Inc. announced it received a $4
million order from a leading commercial technology
company for advanced Si packaging to be used in
electronic warfare, active electronically scanned array
beamforming and command, control, communications,
computers, intelligence, surveillance and reconnais-
sance (C4ISR) systems. The order was received in Mer-
cury’s fiscal 2022 third quarter and is expected to be
delivered over the next several quarters.

PEOPLE

Analog Devices Inc. (ADI) an-
nounced that Gregory Bryant will be
appointed to the newly created posi-
tion of executive vice president and
president of business units. In this
role, Bryant will have oversight of the
company'’s business units—Industrial,
Automotive, Communications, Digital
Healthcare and Consumer—and will be responsible for
continuing to scale ADI's rapidly growing businesses.

i §
A Gregory Bryant

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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New Digitizers smash
transfer speed barriers

Up to 6.4 GS/s with 12-bit resolution
12.8 GB/s continuous data streaming
PCle x16 Gen3 interface

2 GHz bandwidth

Programmable inputs from #200 mV to #2.5 V
4 GB internal memory, 16 GB optional
“SCAPP” option for streaming to CUDA GPUs
SDKs for C++, MATLAB, LabVIEW, VB.NET,
Python, Java, Delphi, Julia, and more!

M5i.3337-x16

Capture, store and analyze high frequency
signals faster than ever before -

with next-gen digitizers that can move data to
CPUs and GPUs as fast as they record it!
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SPECTRUM

INSTRUMENTATION

Perfect fit - modular designed solutions

US: Phone (201) 562 1999 | Asia / Europe: Phone +49 (4102) 695 60

www.spectrum-instrumentation.com
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Aroundthe Circuit

Isola Group, a leader in circuit materi-
als and materials technologies, an-
nounced the hiring of Jim Francey as
RF Business Development director,
Europe. Francey will report directly to
David Humby, vice president of Sales
i and OEM Marketing Europe, in the
A Jim Francey new role and will apply his industry
background and considerable experi-
ence in the RF/microwave electronics industry to help
Isola explore and expand new opportunities for high
frequency circuit materials within printed-circuit
boards.

The MegaPhase team welcomes
Mark Schreiner as chief engineer. In
his new role, Schreiner will oversee all
aspects of R&D, product improve-
ment and sustainment efforts. Sch-
reiner joins MegaPhase with over 30
years of experience in RF and micro-
wave technology.

A Mark Schreiner

pSemi® Corporation announced the
appointment of Tatsuo Bizen as CEO.
Succeeding interim CEO Takaki Mu-
rata, Bizen joins pSemi from parent
company Murata, where for more
than 30 years he has served in a vari-
ety of global leadership roles in the
A Tatsuo Bizen J-S- Japan and Europe. He brings an
extensive background in RF and
power management, and a passion for driving innova-
tion.

REP APPOINTMENTS

Kymeta and OneWeb announced a distribution part-
ner agreement to offer broadband connectivity services
across the globe. The OneWeb LEO satellite network
will give Kymeta customers access to high speed, low
latency broadband connectivity while on the move or
while stationary, anywhere in the world. Kymeta’s distri-
bution agreement with OneWeb will enable the com-
pany to resell OneWeb services in conjunction with
fixed and mobility hardware solutions to government
and commercial customers globally.

RFMW announced a global distribution agreement
with ED2 Corporation of Tucson, Ariz. Under the
agreement, RFMW becomes a franchised distributor
for worldwide marketing and sales of ED2 Corporation
products including RF antennas, filters and new glass-
based components and modules.

T2 IMS2022 SHOW COVERAGE

Be sure to check out mwjournal.com/
ims2022 for coverage of this year’s
IMS2022 in Denver.
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LOW-LOSS MICROWAVE
CABLE ASSEMBLIES

DC to 18 GHz - 1.35:1 VSWR

IDEAL FOR MIL/AERO OR TEST & MEASUREMENT APPLICATIONS

Larger diameter cables for even lower-loss over longer distances:

178", 16 AWG (RF180 Series) & .277", 11 AWG (RF280 Series)

RF180

178", 16 AWG, flexible

24.8 mm min.

RF280

Low-Loss Cable 277", 11 AWG, flexible

Bend Radius 38.1 mm min.
82 pF/meter Capacitance 82 pF/meter
4.1 ns/meter Time Delay 4.0 ns/meter
-65°Cto +125°C Operating Temp. -65°Cto +125°C
SMA, TNCA, N Type Connector Options SMA, TNCA, N Type
DC to 18 GHz Frequency DCto 18 GHz

See product specifications for complete insertion loss and performance characteristics. Performance is cable and connector dependent.

Samtec offers a full line of off-the-shelf products for microwave and millimeter wave applications
from 18 GHz to 110 GHz. Our focus is on delivering high-quality RF products that meet precision

and performance expectations every time.
_t—
I I

For more information visit samtec.com?RF180 or samtec.com?RF280.



Millimeter Wave Products Inc.

mmWave Solutions
Government & Commercial

Millimeter Wave Products Inc. is a global leader

of passive, active and custom millimeter wave
products, and assemblies.

Over 35 years of experience in microwave and
millimeter wave products as an OEM.

100% made in USA. All products design, built and

tested in our state of the art manufacturing &
production facility.

WWWM IWV.COI‘n

- Integrated Assemblies « Waveguide Components
« Antennas  Active Components

« Amplifiers « Test and Measure

» High Power Amplifiers » Instrumentation

- Ferrite Components - Adapters

«5G & 6G Solutions
« Stock & Custom Design

« Research & Development
« Prototype Manufacturing
« Award Winning OEM



We Manufacture
Standard & Custom
mmWave Products

—

Mintegrated
=Assemblies

Mi-Wave specializes in a broad range of fully
integrated Millimeter-wave subsystems and

multi-function components.

Our solutions range from miniature transceivers and
broadband receivers to antenna subsystems and
communication front ends & more.
We build subsystems & assemblies that are used in
communications, government, defense industry,
radar systems, and scientific research.

See what we can do for you.

« High Power Amplifiers -« Upconverter/Transmitter
- Downconverter/Receiver

« Radar Front Ends
« Automotive Testing « Transceivers

Go from older bolt on methods
to fully integrated solutions.

Booth 1050

Let’s Discuss Your Needs
2007 GANDY BLVD N, SUITE 1310, ST. PETERSBURG, FL

EMAIL: SALES@MIWV.COM

TEL: 727-563-0034 -
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THz - To Be or Not To Be in 6G?

Tomasz Waliwander
Farran, Cork, Ireland

hile the story is still
being written for
5G as the networks
are being deployed
in many parts of the world, this
fifth-generation ~ communication
technology is already conditioning
the path for what follows: 6G. With
5G still to deliver on its promises,
and mmWave bands largely under-
utilized in comparison with
the sub-7 GHz range, the re-
search community is already
investigating the next gen-
eration of communication
technology. The 6G speci-
fications are expected to
be developed and released
around 2026 to 2027; at the
moment, it is challenging
to provide a clear and con-
cise vision for 6G. However,
three things about 6G ap-
pear to be certain:
® 6G is expected to be more
capable, intelligent, reli-
able, scalable and power
efficient, satisfying all the
requirements that cannot
be realized at present with
5G.1
6G will employ a combina-
tion of technologies already used
in 5G and other previous genera-
tion wireless networks, as well as
new technologies that were ei-
ther deemed too immature for
5G or will be adopted or devel-
oped specifically for 6G.2
6G will most likely continue the
trend of using higher and higher
carrier frequencies beyond the
mmWaves through THz bands
and up to visible light, to provide
high capacity point-to-point com-

54

munication with an aim to achieve

spectral efficiency 5x greater than

5G.3

6G will inevitably continue the
expansion into higher frequencies,
with a 100 to 300 GHz range being
considered as the first opportunity
window, where a number of ser-
vices for radio astronomy, satellite
Earth exploration, mobile satellite

and inter-satellite are already al-
located in the 141.8 to 275 GHz
band.3 The Federal Communica-
tion Commission (FCC) has des-
ignated 21.2 GHz of spectrum for
unlicensed use in the 116 to 123,
174.8 to 182, 185 to 190 and the
244 to 246 GHz bands.*

The basic 6G requirements for
peak data rates are expected to be
50x those of 5G, with the user data
speed experience at least 10x bet-
ter than with 5G networks (see Fig-

ure 1). Additionally, 6G is to offer
much higher area traffic capacity
and connect an even greater num-
ber of devices than 5G. With even
lower latency and much improved
reliability, 6G will truly address the
needs of autonomous mobility, in-
dustrial automation and robotics. A
detailed comparison of current 5G
and expected 6G key performance
indicators (KPIs) is summarized
in Table 1.

THZ KEY ENABLERS

Achieving this next step in
wireless communications evo-
lution will require a much bet-
ter understanding of technol-
ogy limitations compared to
the previous generations, i.e.,
3G, 4G and 5G. The technol-
ogy readiness levels will have
a significant influence and
impact on the timeline of 6G
adoption, with its rollout ex-
pected to start between 2028
and 2030.

The success of 6G will rely
on several enablers, described
in the following paragraphs.
We will concentrate only on
those that expand and unlock
additional spectrum for the purpose
of wireless communications. While
there are already plans to extend
the upper limit of 5G to 71 GHz,
the studies of 6G focus on upper
mmWave bands, also known as sub-
THz, with frequencies ranging from
100 to 300 GHz. This will most likely
be the most interesting band for
research on new wireless communi-
cation systems.6 One thing to note,
however, is that 6G will not go about
providing enhancements over 5G
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Radar

ESA
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for design and development
of GaN Ka-band high power
amplifiers for VSATs
(December 2020)

DISCOVER
ALTUM RF

Altum RF designs high-performance
RF to millimeter-wave solutions for
commercial and industrial applications.
Using proven technologies like GaAs
and GaN, Altum RF products deliver

optimized RF performance, integration
levels and costs.

Locations in
Eindhoven, Netherlands
Sydney, Australia
Dallas, Texas

info@altumrf.com | +31 (0) 40 2390 888 |
©2022 Altum RF. All rights reserved.
Twinning Center, De Zaale 11,
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Innovation Leader

Provenlnterconnect Solutions

ONLY AVAILABLE FROM
SOUTHWEST MICROWAVE

TOP PERFORMANCE

Vertical Launch
Compression Mount
PCB Connectors

2.92 mm | *New* 2.40 mm
1.85 mm | 1.0 mm

+ Reusable, soldering not required

+ Reduces board footprint without
sacrificing performance

« Suitable for various board materials
and thicknesses

« Provides optimal signal integrity

« Industry's lowest VSWR, RF leakage
and insertion loss

+ Built in the USA to rigorous
performance and quality standards

41

SOUTHWEST
MICROWAVE

+1 (480) 783-0201
SouthwestMicrowave.com
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User Experienced
Data Rate (Gbps)

Peak Data Rate -~
(Gbps) 1,000

Connection Density

(Devices/km?) ms)

field over the last
few decades has
been relatively
slow. In the last
decade, how-
ever, we have
seen several new
technologies: in
particular,  llI-V
InP devices and
spectral Schot.tky diodes
/2% Efficiency reaching the 1
/ THz mark.
6G devices will
require very high
levels of integra-
tion and ultra-low
energy consump-

A Fig. 1 Notional 6G performance improvements compared

to 5G.°

by just employing new spectrum; it
will do so by using legacy and new
bands in a seamless and dynamic
way to provide the required quality
of service for the given use cases.

RF Engineering and Device Physics
The development of 6G and use
of sub-THz bands will pose even
greater challenges than has been
the case for 5G, for RF engineering
and device physics.2 Generation,
modulation, detection and demod-
ulation of THz signals in an energy
efficient manner has always been
very difficult, and progress in this

tion, and exten-
sive capability for
energy  conser-
vation and harvesting to maintain
long periods of standby activity, es-
pecially in case of loT devices.! 6G
in the sub-THz range will face chal-
lenges due to available transistor
speeds in CMOS, SiGe and HBT, to
ensure the available gain, output
power and noise figure required to
overcome the higher path loss.67
Integrated  circuit  technologies
currently available are not yet suf-
ficiently mature or economical for
Tbps data transfers to 1 km dis-
tance (see Figure 2). Data transfer
speeds of a few tens of Gbps have
been reported below 120 GHz and

TABLE 1

NOTIONAL 6G VS. 5G PERFORMANCE?

within 10 m range
using CMOS, while
using InP and high

nas enables com-
Peak Data Rate 20 Gbps 1 Thps parable speeds to

Experience Data 100 Mbps 1 Gbps 1km.8
Rate Therefore, a
Peak Spectral 30 b/s/Hz 60 b/s/Hz stringent require-
Efficiency ment is to develop
Experience 0.3 b/s/Hz 3b/s/Hz semiconductor
Spectral Efficiency technology and
Maximum 1GHz 100 GHz devices that can
Bandwidth supply enough
Area Traffic 10 Mb/s/m? 1 Gb/s/m? RF power that will
Capacity enable large array
Connection Density | 1 Million Devices/ 10 Million Devices/ antenna  systems
k2 km? to overcome path
loss. The larger
Energy Efficiency - 1 Th/J the antenna array,
Latency 1 ms 100 ps the more output
Reliability 10° 107 power is required.
- For example, a 45

Jitter - 1 us !
2 dBm EIRP from a
Mobility 500 km/h 1000 km/h

handset equipped
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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



Transmitters
High Power Pulsed RF

Modulators
i

H6systems.com
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Load Resistors
Light Weight

PulseGenex.com
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10,000
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A Fig. 2 IC technology demonstrations: range vs. operating frequency. Labels show
the data rate, technology, modulation and antenna gain.®
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A Fig. 3 Spreading (dashed lines) and molecular absorption (solid lines) losses for
frequencies from 0.1 to 1.4 THz and distances of 1, 10 and 100 m.?

with a 16-element array requires a
power amplifier (PA) delivering 16
to 20 dBm, while 75 dBm EIRP from
a 256-element array at the base
station requires a PA output power
of 25 to 27 dBm.6 The best ampli-
fier devices available are based on
InP HBT technology, which is supe-
rior to CMOS in generating power
above 100 GHz. InP PAs can deliv-
er 23 and 18 dBm at 170 GHz and
220 GHz, respectively. Research to
reduce the size of GaN transistors
may enable this technology to be
used in the range from 100 to 300
GHz.6 Such devices and systems
should come on the market within
the next few years.

At the receiver, sensitivity is
mainly determined by the noise fig-
ure (NF) of the first element of the
down-converter, i.e., the low noise
amplifier. We can expect a receiver
operating at 280 GHz will have a
NF of at least 5 dB higher than that

of its counterpart in a 28 GHz com-
munications link.6 Additionally, in-
tegrated transceivers are currently
limited to 10 to 12 percent of the
fractional bandwidth; in practical
terms, this means the RF front-end
will have only 20 to 30 GHz of ef-
fective bandwidth when operating
in the upper range of the sub-THz
band.6 This bandwidth will still re-
quire adequate analog-to-digital
and digital-to-analog converters
with at least 6-bit resolution.” Such
requirements also pose a signifi-
cant challenge to minimizing the
power consumption.

In summary, due to the relatively
low-cost and high level of integra-
tion, CMOS and SiGe technologies
will perform well in applications
up to 150 GHz. GaN and InP tech-
nologies will dominate applica-
tions where higher frequencies and
higher output power are required,
such as extreme capacity backhaul
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SILVER® "' g

SPONSO®

ERAVANT

FORMERLY SAGE MILLIMETER

VNA CALIBRATION KITS
VISIT ERAVANT

IN DENVER! METROLOGY GRADE | NIST | 18-220 GHz

See the Wave-Glide™ 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

and Proxi-Flange™ : _ :
experience to meet the needs of RF engineers working on the technology of the future.

demonstrated live

along with Eravant
VNA extenders and
calibration kit!

Scan the code to view
the show schedule
and set-up a meeting
with one of our team
members.

Metrology Grade Ruggedized Packaging
These calibration kit components are machines and These calibration kits are collected in a perfect

plated with high quality standard. They are also sized and ruggedized case to properly store,

made with beryllium copper to prevent distortion organize, seal, and protect the components as

and slow down wearing. you need to move them around to different test
stations.

Wavelength Offsets

The cal kits come with Y%Ag, %Ag, % Ag offset shims NIST Traceablility
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networks.26 Although at a very early stage of develop-
ment, graphene-based electronics is a very promising
technology for THz RF systems.!

Communication Channel Properties

While the communications channels in the sub-7
GHz and mmWave bands have been relatively well in-
vestigated and modeled, thanks to 5G development,
the same is not true of the sub-THz range, where char-
acterization activities have been scarce.b Accurate un-
derstanding of the properties of THz channels, espe-
cially signal spreading loss and molecular absorption,
is fundamental to implementing 6G technology. Signal
spreading loss is a phenomenon associated with wave
spreading that occurs when an electromagnetic wave
passes through the medium, while molecular absorp-
tion is associated with the loss that occurs when a por-
tion of the energy of the electromagnetic wave is con-
verted into kinetic energy that vibrates the molecules
of various atmospheric gases (see Figure 3).

Several transmission windows occur on the molecular
absorption characteristic of the THz band, in which the
effective susceptibility of molecular gases to vibration is
limited and much lower than the spreading loss. For the
lower range, these windows are between 120 to 140
GHz and at 240 and 300 GHz.2 Additionally, outdoor
THz wireless communication can differ significantly un-
der various meteorological conditions, with snow and
rain introducing additional losses in the signal propa-
gation. With indoor communication, the walls, plants,

DENVER

animals and humans affect the propagation properties,
causing the signals to be absorbed, reflected, transmit-
ted and diffracted, making long distance communica-
tion challenging. High gain antennas can compensate
for the high propagation losses, and ultra-massive
MIMO (UM-MIMQ) antenna systems are emerging as
practical means of solving the range issues.”

For all these reasons, the THz channels must be em-
pirically characterized using channel sounding tech-
niques, which are far more challenging than at cellular
bands. This is due to the high attenuation of THz sig-
nals in both indoor and outdoor environments and the
high directionality of THz waves. These factors impose
limitations on the channel sounder system architecture
and, consequently, on the availability of measurement
equipment. While at sub-7 GHz, complex wideband
channel sounders with more than 50 dual-polarized an-
tenna element arrays can be used, the channel sound-
ers for THz tend to rely on traditional high directivity
horn antennas and single receiver architectures to pre-
serve high dynamic range and measurement fidelity.
Achieving high directional resolution, large bandwidth
and high phase stability comes at the expense of sys-
tem complexity and its associated cost.? The need for
mechanical positioners slows down the measurement
and currently makes channel sounding impractical and
unfeasible. For these reasons, few radio channel mod-
els are available for the upper mmWave bands; the
available models often rely heavily on simulations and
are valid for very specific indoor scenarios. More work
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is required to model industrial set-
tings, accounting for construction
materials, mechanical and electri-
cal noise and the presence of ro-
bots and heavy machinery.

Energy Consumption and
Sustainability

The required leap into the sub-
THz frequencies with its abundant
bandwidth cannot be achieved by
merely increasing the carrier fre-
quency.b Analog RF electronics op-
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erating at these high frequencies
with large bandwidth has limited
power-added efficiency (PAE). Cur-
rently, high frequency PAs can only
deliver PAEs of 7 and 4 percent at
170 and 220 GHz, respectively. The
PAE of a transceiver would be ex-
pected to fall well under 10 percent.

The digitalization of large band-
widths and the speed of digital
signal processing become major is-
sues. Sampling frequencies of A/D
converters and their associated
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power consumption remain inad-
equate for efficient signal process-
ing and the energy consumption
demands that will be imposed on
6G networks. Energy efficiency is
increasingly important as the world
shifts toward sustainability.5 6G in-
frastructure energy consumption is
expected to be at the level of 4G
networks irrespective of the num-
ber of terminals, so the expected
growth in data traffic volume does
not result in a comparable growth
in energy consumption.10

Packaging the Front-End and
Antennas

Component and system level
packaging and antenna array inte-
gration pose significant challenges
at 5G. With additional transmission
line losses from sub-THz propa-
gation, higher integration will be
required. Resolving these issues
may require novel 3D packaging
and structures with the chips and
antennas stacked on each other to
reduce interconnect lengths, foot-
print and tight antenna array (UM-
MIMO) integration.6 The combina-
tion of tight integration and low
efficiency of the RF circuitry poses
yet another major challenge: ther-
mal management.

TECHNOLOGY CHALLENGES

A new generation of communi-
cations technology occurs when
two driving forces align: one that
stems from societal needs, the oth-
er when technologies are mature
enough to address the need. Wire-
less communication that operates
in the sub-THz and THz bands will
only make sense for those use cases
that are not focused on cost and en-
ergy efficiency. These likely include
indoor communications in data
centers, where massive amounts of
data could be transported without
a complex and costly cable infra-
structure. With outdoor commu-
nications, backhaul will emerge as
an application where fiber-like data
transfers will be achievable over
0.1 to 1 km links. The lower sub-
THz band, with frequencies in the
100 to 200 GHz range, seems like
a good candidate for such applica-
tions. Researchers and engineers
are already conducting studies and
developing devices and systems in
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D- (110 to 170 GHz) and G-Band
(140 to 220 GHz).

There is still significant progress
to be achieved in developing more
efficient modulation. Supported by
artificial intelligence and machine
learning, new modulation schemes
will emerge, tailored for specific
use cases, throughput and latency.

Realistically, it is difficult to imag-
ine 6G communication networks
using the bands beyond 300 GHz.
Not only is the free space loss often

el

greater than 100 dB—reducing the
range of a wireless link to a few tens
of meters, at best—but semicon-
ductor devices, materials and inte-
gration technologies are not devel-
oped to support Tbps connectivity
above 300 GHz. While RF electron-
ics will improve with time and,
when combined with advanced
antenna beamforming techniques,
will mitigate the higher signal
losses and limited link distances, it
is unreasonable to assume the re-
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quired maturity of RF technology is
simply a matter of time. It is uncer-
tain if CMOS and SiGe BiCMOS will
provide adequate performance at
THz frequencies by the time 6G is
implemented. Additionally, nano-
and meta-materials, as well as
graphene-based electronics, need
time to mature and prove viability.
Will the trend of ever-increasing
speed of analog and digital CMOS
and BiCMOS based electronics, so
fundamental to large scale commu-
nications, continue? Or is it a time
for other semiconductor technolo-
gies such as InP HBT to form the
foundation for 6G?

Also uncertain: will the complex-
ities of RF circuit parallelization, an-
tenna design and fabrication, high
speed and power components, ef-
ficiency, power consumption and
heat dissipation and system inte-
gration challenges can be resolved
in time for the 6G rollout. Even as-
suming that all the RF electronics
and technology issues can be re-
solved, with stringent requirements
on power consumption and energy
efficiency for 6G devices and net-
works, data processing may be-
come the bottleneck. Allowing for
the most optimistic assumptions
about RF circuit performance at
sub-THz, the applicability of such
systems will be very limited for any
battery-powered devices.

True THz communication be-
yond 300 GHz may come, but it
may only be in time for 7G. The
biggest challenge is the achiev-
able link distance, as transceiver
available output power and sen-
sitivity are and will remain low for
the foreseeable future. There is a
strong possibility, however, that the
sub-THz bands will be employed
in 6G for all those applications and
use cases where the sheer amount
of data transfer capacity will be the
main KPl and can be justified by
the business case.

As people have moved to meet-
ing and collaborating virtually,
communications have become as
vital as water and electricity. We
are constantly bombarded with a
vision of the future in which billions
of humans, things and connected
vehicles, robots and drones will
share zettabytes of data in the all-
connected world.10 The vision for
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6G is to provide an affordable and
scalable network with great cov-
erage everywhere, so it ends the
digital divide and truly provides an
all-connected world.

TO BE OR NOT?

Sub-THz 6G faces significant
unresolved challenges. For the RF
circuits, higher output power and
efficiency, lower NF and phase
noise must be achieved, with even
more advanced antenna beam-

forming solutions used to combat
signal losses and limited link dis-
tance. Propagation channels at
THz frequencies for both indoor
and outdoor communications re-
main uncharacterized and largely
depend on simulation rather than
measurements, as channel sound-
ing techniques and measurement
equipment are primitive. The ener-
gy consumption and sustainability
requirements expected for 6G net-
works are daunting, which reveals
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-
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the need for novel energy harvest-
ing and energy transfer for devices
and networks to meet stringent bit-
per-joule requirements. Packaging
and integration techniques that
largely rely on rectangular wave-
guide and milling technique must
be simplified to support volume
manufacturing and reduce cost.

The immaturity of the technolo-
gies and fabrication techniques make
the challenge of developing 6G even
greater than it was for 5G, which pig-
gy-backed on a more mature founda-
tion. For 6G to deliver THz commu-
nication and enable many new use
cases in the typical decade timeframe
is more difficult. Considering the cur-
rent maturity of the enabling technol-
ogies and the required development,
THz communication in 6G seems an
unlikely scenario. A more realistic bet
is for THz communication to arrive in
time for 7G. ®
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The Perfect HF Receiver.
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Modern HF receivers must fulfill requirements such as sensitivity, robustness and many others.
Key requirements often lead directly to RF concepts and architectures with their specific
advantages and disadvantages. What would the perfect HF receiver look like today, one that
combines all available technologies into the most modern concept of a software-defined
receiver? Would it employ “IF sampling,” “direct sampling” or something else?
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he architecture of a receiver is di-

rectly driven by some key require-

ments which must be fulfilled. The

number of these requirements can

be quite high but for an HF receiver design

there are only three major ones: 1) pick up

weak and wanted signals, 2) in the presence

of strong interferers within a given frequency
offset, 3) at the same time.

Within these requirements are hidden

o

Wanted
S'glnal Interferer
Receiver Transmitter

A Fig. 1 Receiver co-location scenario.

values that must be known in detail, for
example, the required sensitivity, the maxi-
mum level for interferers and the frequency
offsets between wanted signals and interfer-
ers. These three “golden parameters” can
and must be extracted from the operational
scenario in which the receiver is used. In
combination with the capabilities of typical
building blocks, such as analog-to-digital
converters (ADCs), these three parameters
determine the most suitable receiver archi-
tecture.

OPERATIONAL SCENARIOS FOR
SOFTWARE-DEFINED RADIO (SDR) HF
RECEIVERS

High-end HF receivers must be able to
provide high sensitivity (if required) while
strong interferers are simultaneously pres-
ent (see Figure 1). Very strong interferers
can come quite close to the tuned center
frequency of the receiver, which is the case
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within some co-lo-
cated installations,
for example, navy
ships or coastal
stations, but also
at field days with
many amateur ra-
dio stations operat-
ed within short dis-
tances. Interferers

Level (dB)

L.
>

Difference in Levels X (dB)

Frequency Offset Af

Interferer

at small frequency
offsets not only
provide strong sig-
nals at the receiver Signal
front-end, but also | | 7y
introduce  exter-

nal interference de— .

caused by trans-
mitter  sideband
noise. This falls into

band and masks
weak signals at the

Sideband Noise

the receiver's pass- Min. Noise Figure
NF of RX Design

Interferer TX

Resulting Noise Floor of RX

Natural Noise Floor: — 174 dBm/Hz

receive antenna.

» Frequency

The transmitter
in Figure 1 radiates
a high-power sig-
nal shown as red arrows while the
receiver tries to pick up the weak
signals shown as green arrows. The
total decoupling between the trans-
mitter output and the receiver in-
put determines how strong specific
parts of the transmitter spectrum
appear at the receiver front-end.
The receiver specifications must be
determined based on the character-
istics of the interfering signals and
the transmitter installation close to
the receiver.

Figure 2 illustrates this situation.
The red interferer transmits a strong
signal at an offset of Af and the
sideband noise of the transmit sig-
nal falls into the receiver passband.
This external noise is added to the
noise floor of the receiver given by
the receiver noise factor which leads
to a resulting noise figure that limits
its sensitivity.

In Figure 2, it is assumed that the
receiver has a noise figure of 10 dB.
Other key parameters are strongly
dependent upon the installation.
The following values are assumed
for two different operational sce-
narios.

For military installations:  fre-
quency offset Af = 10 percent, total
decoupling = 15 dB and interferer
transmit power = 1000 W.

A Fig. 2 Key parameters for co-located installations.

For amateur radio installations:
(e.g., field days), frequency off-
set Af1 within same amateur band
=100 kHz, frequency offset Af2 to
the next amateur band is greater
than 10 percent, total decoupling =
25 dB and interferer transmit power
= 150 W.

Note that a high-end receiver will
not be able to demonstrate its full
performance in the presence of low-
end transmitters. This requires fea-
sible values for transmitter sideband
noise available in both scenarios.
The transmitter parameters stated
here are beyond those of currently
fielded transmitters because it is as-
sumed there will be improved trans-
mitter capabilities in the near future.

Excellent interferer TX sideband
noise: -150 dBc/Hz at 100 kHz for
Af1

Excellent interferer TX sideband
noise: -180 dBc/Hz at 10 percent for
Af2

The sideband noise at an offset
of 100 kHz is determined by the
synthesizer concept within the trans-
mitter while the value at 10 percent
can be achieved by using additional
so-called cosite filters in the right
position within the block diagram.
These cosite filters can be switched
into the receive chain and then re-
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fluence of external
interferers. This ap-

A Fig. 3 Noise external to an HF receiver.

proach is based on
the concept of de-
signing a receiver
that may not be as
good as technically
possible but is as
good as operation-
ally usable, which is
a significant differ-
ence.

The quality of a
receiver is defined

Level (dB)

Back-Off (dB)
Head Room (dB)

SFDR (dB)

ADC Full Scale (dBFS)

Max. Operation (dBFS)

ENOB

WB Sensitivity dBm

by the maximum
usable  sensitivity
in the presence of
strong interferers.
How much stron-

ADC Device Noise (dB) Device Noise Floor r [

Max. IM D (dBm)

SNR NB (dB)

Thermal Noise Floor

ger can these in-
terferers be com-
pared to the weak-
est signals which can still be heard
while the interferers are present?
Clearly, noise plays a significant role
in the design of the receiver, there-
fore the design starts with an analy-
sis of noise.

Limits to Sensitivity — External
Noise

The sensitivity of a receiver
based on its design can be very
high. In many operational situations
a receiver's noise floor may be ob-
scured by a noise floor picked up
by the antenna and applied to the
receiver front-end. This noise floor
is variable over time, frequency, lo-
cation and antenna configuration.
ITU has provided information within
ITU-R P.272 to determine the level
of external noise (see Figure 3).

A Fig. 4 ADC parameters.

Figure 3 gives guidance on the
external noise picked up by an om-
nidirectional antenna and then fed
to the receiver front-end. The curves
(A to E) within graph represent the
noise level expected for:

A. Atmospheric noise, value ex-
ceeded 0.5 percent of the time

B. Atmospheric noise, value ex-
ceeded 99.5 percent of the time

C. Man-made noise, quiet receiving
site

D. Galactic noise

E. Median city area man-made
noise

F. Minimum noise level expected.

The intensity of the external
noise within the graph is shown as
equivalent noise figure of a receiver,
which allows an easy comparison
with the noise figure of any given
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receiver design. In addition to the
noise contributions shown in Fig-
ure 3, sideband noise of interfering
transmitters may also be received.
Both noise contributions may mask
the native sensitivity of the receiver
design.

The most challenging environ-
ment for a receiver is therefore
when the receiver is installed in a
very quiet geographical area and
all interferers are of high quality.
This allows interferers to come very
close and with high levels to the
receiver's passband channel before
their sideband noise masks either
the receiver's own noise floor or the
low atmospheric noise.

The receiver design provides
some gain to adjust its sensitivity
and some selectivity to suppress
strong interferers. The quality of the
receiver design is simply defined,
therefore, by the quality of the bal-
ance between these parameters to
bring the spectrum at the antenna
into the operational window of the
ADC.

The ADC and its Essential
Parameters

An ADC datasheet is filled with
specifications, but which ones
should be looked at first when se-
lecting a particular ADC type? It is
important to know the difference in
magnitude between weak wanted
signals and strong unwanted signals
at the input of the ADC. This deter-
mines the operating window of the
ADC and is an important character-
istic in the receiver design.

The analysis of an ADC data sheet
normally starts with resolution, noise
factor and other parameters that are
fundamentally linked to achievable
sensitivity. This is done here in the
opposite direction because it is eas-
ier to understand the behavior of an
ADC within the complete architec-
ture of a receiver. Figure 4 shows
the relevant parameters of an ADC
that should be analyzed first before
any design decisions are made.

We start with the maximum lev-
el allowed at the input of an ADC,
which is the ADC Full-Scale-Level.

Any signal present at the antenna of
the receiver must safely remain be-
low this threshold, otherwise further
processing steps are strongly affect-
ed and will deliver unusable results.
If strong signals at the antenna are
very close to the wanted frequency,
an automatic gain control circuit
must set the right maximum gain to
avoid ADC overload.

The next important parameter is
the effective number of bits (ENOB).
It indicates how far below the ADC
Full-Scale-Level a weak signal can
be found and identified by the ADC.
It is important to know that a perfect
low-resolution ADC may have a sig-
nificantly higher ENOB than an im-
perfect high-resolution ADC.

After sampling the input signals,
any ADC will show some jitter within
the digitized data. Inside this jitter
the information of weak signals is
hidden and can be extracted, for ex-
ample, by decimation mechanisms.
These decimation algorithms can
be seen as a kind of averaging. Av-
eraging across ten samples, for ex-
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ample, may increase the resolution
by a factor of ten while reducing the
sample rate by the same factor of
ten as well. Decimation algorithms
basically enhance the effective reso-
lution of the signal processing chain
by diving into the noise and jitter at
the output of the ADC.

The possible depth of this dive is
limited to a point where the jitter of
the ADC itself cannot be separated
any further from the jitter related to

Systems

the input spectrum. The jitter from
the ADC may also contain jitter from
the clock signal, therefore it is im-
portant that the applied sampling
clock signal is generated with the
highest possible quality with re-
spect to phase noise and spurious
content.

The value for ENOB does not
yet provide any information about
the quality of the signal processing
chain with respect to intermodula-

A
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tion or any other unwanted signal
which is not present at the input of
the ADC but appears at its output.

Unwanted signals at the output
of an ADC may be caused by a va-
riety of effects, such as nonlinear-
ity of input stages or others. These
discrete output signals often show
a correlation between the sample
rates used and the spectral com-
ponents of the input signals but are
normally not reliably predictable,
either in their frequency or in their
levels. Within a data sheet of an
ADC, its quality with respect to un-
wanted signals is given as spurious
free dynamic range (SFDR). Values
for SFDR depend on the settings,
especially with sample rates, input
spectrum and chosen levels at the
ADC input.

Receiver Design

The ADC is the key component
within the concept of a software-de-
fined receiver. Dynamic range is one
of the most important parameters
required for the selection of the ADC
itself and the right receiver concept
as well. For very high RF frequencies
(far higher than 30 MHz) the possible
operating frequencies might be the
only available criteria for the selec-
tion of an ADC. An HF receiver re-
quires either a direct sampling capa-
bility of any frequency up to 30 MHz
or the capability to process a fixed
frequency typically below 100 MHz
for an IF sampling concept.

Several companies offer ADCs
with up to 18-bit resolution with
sample rates of up to 100 MHz or
more. The input stages can be op-
erated with a bandwidth of some
hundred MHz. This would allow the
use of the same devices with sub-
sampling as part of an IF sampling
receiver. Subsampling concepts re-
quire a clear knowledge of the input
spectrum to be sampled, therefore,
sufficient band limitation, for ex-
ample with a bandpass filter, is re-
quired. The combination of a band-
pass filter with a subsampling ADC
would be a valuable back-end part
of an IF sampling receiver concept.

With modern ADC devices, an
SFDR of 90 to 100 dB can be ex-
pected. This means that the maxi-
mum allowed difference in level be-
tween a weak wanted signal and a
strong interferer can be in the order
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of 90 dB when both signals are ap-
plied simultaneously to the input of
the ADC.

Gain and Selectivity Between the
Antenna and ADC

The stages between the anten-
na and the ADC are responsible
for bringing the spectrum at the
antenna into the operating win-
dow of the ADC. If the difference
in levels appearing at the antenna

(J OEwaves

are higher than allowed at the ADC
input, a preselector filter must sup-
press the strongest signals. If this
suppression is not sufficient, the
gain must be set to ensure that the
ADC is not overdriven. In total, the
receiver may lose some sensitivity
compared to a use case with no in-
terferers present. If the interferer’s
phase noise masks the receiver's
own noise floor (see Figure 2) or
the natural noise floor from the en-
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vironment (see Figure 3) even per-
fect selectivity within the receiver
would not help to improve this situ-
ation. Reduced gain, in this case,
will improve the receivers robust-
ness by reducing nonlinear effects
such as cross modulation and/or in-
termodulation; but, the maximum
possible sensitivity will be limited
by the external noise.

These fundamental facts provide
clear advice for choosing the best
concept for an SDR HF receiver:

1) If the selectivity of the pre-
selector filters is good enough to
bring any spectrum situation into a
setting where the ADC is not over-
driven and the wanted sensitivity is
still available, then a direct sampling
concept is usable and is recom-
mended.

2)  If the selectivity of the pre-
selector filters is not sufficient, then
an IF sampling concept is necessary
because the missing selectivity can
only be added within the IF domain.

The flexibility of a direct sam-
pling concept is greater than for an
IF sampling concept because the
digital signal processing has a wider
access to the spectrum. Therefore,
it is recommended to start first with
a direct sampling approach and
then try to extend its performance
to the technological maximum or
to the technological need based
on the use cases by selecting a suit-
able high-end ADC and high perfor-
mance preselector filters.

Wideband SDR HF Receiver

The main purpose of a wide-
band receiver is to monitor a wide
instantaneous bandwidth up to
the complete HF band. The fre-
guency range may start at 10 kHz
or even lower and will go up to 30
MHz. It is possible to use a direct
sampling SDR concept or transfer
the complete HF band to a differ-
ent frequency for further process-
ing by using a frequency converter,
as it is done, for example, within a
spectrum analyzer. The frequency
conversion will always lead to an
IF frequency well above 30 MHz,
typically 70 MHz or even higher. In
fact, it will then require an ADC with
higher performance than one for di-
rect sampling, because the ADC will
operate at higher frequencies while
the expectation for a high dynamic
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range within a 30 MHz bandwidth
will not change.

The phase noise and jitter qual-
ity of either the local oscillator or
the sampling clock determines the
achievable quality for desensitiza-
tion and selectivity of the total re-
ceiver. The requirements with re-
spect to the spectral purity of the
local oscillator used for mixing will
be higher than those for the sam-
pling clock of a direct sampling

concept just based on the different
frequencies. Additionally, the wide-
band mixing concept will struggle
to achieve good spurious suppres-
sion because there are a variety of
effects linked to a wideband mix-
ing concept which may lead to un-
wanted spurious signals in front of
the ADC.

These basic facts and their de-
pendencies already lead to a direct
sampling receiver concept as the

micram.com
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best basis for a wideband HF re-
ceiver with the capability to moni-

tor up to 30 MHz of instantaneous
bandwidth.

Narrowband SDR HF Receiver

It is assumed that interferers can
come as close as 100 kHz to the
wanted signal in use cases where
CW is received at the lower end of
an amateur radio band while SSB
is received at the upper end of the
same band. If interferers are in the
next adjacent amateur radio band,
then frequency offsets of 10 percent
or more apply.

A sufficiently high selectivity
at an offset of 100 kHz cannot be
achieved directly with a preselec-
tor filter, therefore the spectrum is
transferred into an IF domain where
additional narrowband filters can
provide much higher selectivity than
any preselector. If, because of this,
an IF sampling concept applies,
then an optimization process can be
employed.

The choice of the right IF fre-
quency is essential and the best
results are achieved at around 70
MHz to keep away from any poten-
tial intermodulation products. It is
also recommended to use IF filters
with different bandwidths, for ex-
ample, 500 Hz for CW up to 250
kHz for the new upcoming wide-
band HF data modes according to
the latest versions of MIL-STD 188-
110. Narrower bandwidths within
the bandwidth of the IF filters are
realized by digital signal process-
ing mechanisms.

After optimizing the IF filter, a
final selection of the ADC can be
done because within an IF sampling
concept even a low-end ADC may
be sufficient to achieve overall ex-
cellent performance for the entire
receiver.

CONCLUSION

Both direct sampling and IF sam-
pling are state-of-the-art concepts
for SDR HF receivers. For wideband
receivers direct sampling is the clear
choice, while for narrowband receiv-
ers an |F sampling concept is rec-
ommended. For a high-end receiver
providing, for example, a panoram-
ic view of the entire HF band while
narrowband signals are operated in
parallel, it is recommended to use
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two separate and independent re-
ceiver paths representing the two
SDR receiver concepts.

Table 1 shows what is possible
today. The two different paths are
Path 1 for direct sampling of wide-
band signals and Path 2 for IF sam-
pling of narrowband signals.

A full, more detailed, version of this
article will be posted on the Microwave
Journal website.
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TABLE 1
DATA SHEET FOR A HIGH-END SDR HF RECEIVER
Tuning range: 10 kHz up to 30 MHz
Path 1 Wideband:
Max. Noise figure of RX 10 dB
without Interferer with
Pre - Amp on: Path 2 Narrowband:
15 dB

Max. allowed Difference

Path 1 Wideband:
A1A (200 Hz): 95 dB
J3E (3000 Hz): 95 dB

between Interferer and
wanted Signal:

Path 2 Narrowband:
A1A (200 Hz): 150 dB
J3E (3000 Hz): 140 dB

Sensitivity of RX without

Path 1 Wideband:
ATA (200 Hz): -135 dBm or 0,04 uV
J3E (3000 Hz): -123 dBm or 0,16 pV

Interferer (pre Amp on)

Path 2 Narrowband:
ATA (200 Hz): -130 dBm or 0,07 uV
J3E (3000 Hz): -118 dBm or 0,28 pV

Sensitivity of RX with
Interferer present:

Use case 1 military:

1000 W with -180 dBc/Hz at 10% and an antenna

decoupling of 15 dB

Use case 2 amateur:

150 W with -180 dBc/Hz at 10% and an antenna

decoupling of 25 dB

Use case 3 amateur

150 W with -150 dBc/Hz at 100 kHz and an antenna

decoupling of 25 dB

Path 1 Wideband:

Use case 1 (with preselector > 55 dB at 10%):

A1A (200 Hz): -106 dBm or 1,12 pV
J3E (3000 Hz): -94 dBm or 4,46 uV

Use case 1 (without preselector):
Any mode: - 50 dBm or 710 uV

Use case 2 (with preselector > 55 dB at 10%):

A1A (200 Hz): -124 dBm or 0,14 pV
J3E (3000 Hz): -112 dBm or 0,56 pV

Use case 2 and 3 (without preselector):

Any mode: - 68 dBm or 89 puV

Path 2 Narrowband:

Use case 1:
A1A (200 Hz): -106 dBm or 1,12 pV
J3E (3000 Hz): -94 dBm or 4,46 pVv

Use case 2:
A1A (200 Hz): -123 dBm or 0,16 pV
J3E (3000 Hz): -111 dBm or 0,63 pV

Use case 3:
A1A (200 Hz): -94 dBm or 4,46 pV
J3E (3000 Hz): -82 dBm or 18 pV

A1A - Signaling by keying the carrier directly, i.e., continuous wave (CW) or
on-off keying (OOK).

J3E - SSB speech communication.
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This article describes how trends in the aerospace and defense (A&D) industry drive power
amplifier (PA) design and how device models can accurately predict the performance of GaN
PAs to keep pace with increasing demands. These models are consistently verified and validated
through stringent practices as RF device process technology evolves.

aN-based power transis-

tors have been rapidly

adopted in an array of

commercial, industrial and
military applications for their su-
perior performance in PAs. These
devices can reduce solution size
with increased power density at
comparable or even lower system
costs than traditional solutions.
GaN solid-state PAs have been re-
placing other technologies such as
traveling wave tubes, GaAs MMICs
and laterally-diffused metal-oxide
semiconductor (LDMQOS) transistors
in military radar applications with
their ability to provide higher peak
powers with wider pulse widths and
broader bandwidths. This trend is
seen across a multitude of applica-
tions, from satcom systems to active
electronically scanned array (AESA)
radars and electronic warfare sys-
tems. To fully exploit the intrinsically
beneficial characteristics of these
devices, RF/microwave design engi-
neers rely heavily on their respective
nonlinear models.

TRENDS IN A&D

In military radar systems, AESA
phased array antennas are rapidly
replacing traditional mechanically
steered arrays (MSAs) and passive

84

electronically scanned arrays (PE-
SAs) in air traffic control, marine
radar, weather radar and missile
seekers. Older MSA radar systems
typically use aperture antennas
that sit on a gimbal to manually
pivot and point the radiated beam
in a desired direction for maximum
transmission/reception. These sys-
tems, however, incur substantial
maintenance costs due to moving
parts and rotating joints that re-
quire frequent repair.

PESAs are electronically
“steered” by adjusting the beam
of many radiating elements, us-
ing passive attenuators and phase
shifters, all of which are connected

to a single transmit or receive path.
A high power pulse from a cen-
tral transmitter is routed through a
single path and emitted from the
antenna array and is then rapidly
switched to a single receive path
to amplify echoes from the desired
target.

Unlike MSAs and PESAs, AESAs
enable graceful degradation due
to a diversity of transmit/receive
paths, making them less susceptible
to catastrophic common-mode fail-
ures. Like PESAs, AESAs are com-
posed of multiple radiating antenna
elements, enabling electronic beam
steering by controlling the phase
and amplitude of each element;

Rotating Antenna
(Single Mechanically Scanned Beam)

=p

Y.

2

¢ Single Target Track
¢ Update Rate Limited to Mechanical RPMs

¢ Centralized Transmitter, Single Point of Failure

Phased Array Antenna e
(Multiple Electronically t.%'-"'
Scanned Beams) \(‘ﬂﬁ@‘{\:_;

e
o
# *

e Multi-Target Track
* Near-Instantaneous Update Rate
¢ One MMIC PA/Element - Graceful Degradation

A Fig. 1 MSAs with rotating antennas and single beams are being replaced with multi-

beam AESAs.
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however, each element in an AESA
is an active transmit/receive T/R
module with a PA for transmit and a
low noise amplifier for receive. This
system design not only customizes
the strength and radiation pattern
of the beam (e.g., sharper beam
with a narrow beamwidth) but can
also simultaneously search, detect
and track multiple objects from dif-
ferent directions and at different
heights.

AESAs rely on strict amplitude
and phase consistency due to the
complex beamforming techniques
employed, often using FPGAs for
memory, processing and control.
Efficiency and linearity are typically
dictated by the type of modulation
used in the signal to be amplified.
These techniques enable real-time,
simultaneous multi-object search,
tracking, acquisition, identification,
guidance and control with a near-
instantaneous update rate (see Fig-
ure 1). This requires highly linear
amplifiers with excellent amplitude
and phase consistency.

These systems also have an
inherent resistance to jamming,
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where improved beam shaping con-
trol enables considerable sidelobe
suppression and a wide operating
bandwidth allows the radar to hop
along a wider range of frequencies.
The wide bandwidth also enables a
higher range resolution, a capability
of increasing importance to distin-
guish between two or more targets
on the same bearing.

Evolving A&D Market Trends on PA
Design

Demonstrations of the intrinsic
merits of AESAs over MSAs and
PESAs in military radar are plenti-
ful. The evolving requirements of
advanced AESA radar systems,
however, put strains on both the
transmit and receive chains. Wide
bandwidths enable high range res-
olution and wide pulse widths en-
able the radar to capture more in-
formation; GaN HEMTs and MMIC
solutions have been adopted by
the military over the past decade
in L-, S-, C-, X-, Ku- and Ka-Band
radar to achieve wider bandwidths
and more power.

The design of ultra-broadband
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PAs often uses multiple transistors
in a multi-octave PA design. This
involves complex design consid-
erations around realizing a proper
matching network, as the optimum
impedance varies with frequency.
The impedance selected in each
octave is critical for maintaining
high gain and PAE. MMIC solutions
typically involve the use of on-chip
passive components that increase
the chip area.

GaN on SiC technologies pro-
vide several intrinsic benefits, in-
cluding high breakdown voltages
(> 200 V), high saturated electron
velocity, high power density (up to
9 W/mm), good thermal conduc-
tivity, low parasitic capacitances, a
low turn-on resistance (Rpg(,) and
thus higher power and bandwidth.
Wolfspeed has developed several
GaN on SiC process technologies
to exploit these benefits and im-
prove A&D system performance in
areas such as phased array radars
(see Table 1).

GaN on SiC offers an optimum
balance of power density, cutoff
frequency, maximum oscillation
frequency and noise figure, allow-
ing for smaller die sizes and sim-
pler input/output matching net-
works. The typical multi-transistor,
multi-octave design for GaAs and
Si-LDMOS solutions can now be re-
placed with a single GaN solution.
The simplified matching network
allows higher PAEs, which, in turn,
reduces electrical power consump-
tion, PA size and cost.

Device Efficiency and Linearity
There are A&D applications such
as satellite communications (sat-
com) that require the use of modu-
lated signals (BSK/QPSK/OQPSK).
These systems demand very linear
PAs that often operate in the class
(ABCF) or back-off class (ABCF)
modes. GaN on SiC devices can be
combined with sophisticated circuit
architectures to achieve the neces-
sary efficiency and linearity. These
design methods include Doherty,
envelope tracking and outphasing
coupled with digital predistortion.
To reduce a system'’s size and re-
source consumption, the efficiency
of the amplifier must be optimized
while maintaining all other desired
performance objectives. This is a
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TABLE 1
WOLFSPEED RF GAN TECHNOLOGIES

G50V3 G28V4 G40V4 G50Vv4 G28V5
Features: Features: Features: Features: Features:
® 0.4 um Gate Length ® 0.25 um Gate Length © 0.25 um Gate Length |® 0.25 ym Gate Length |® 0.15 pm Gate Length
® 50 V bias ® 28 V bias ® 40V bias ® 50V bias e 28 V bias
¢ 150 V Breakdown ® 120 V Breakdown ® 120 V Breakdown ¢ 150 V Breakdown ® 84V Breakdown
° 9 W/mm e 4 W/mm ® 6 W/mm * 9 W/mm @ 10 GHz * 3W/mm @ 35 GHz
e DC to 6 GHz * DC to 18 GHz ¢ DC to 18 GHz ¢ DC to 40 GHz
Performance: Performance: Performance: Performance: Performance:
¢ Broad Band ¢ \Wide Band ¢ High Frequency * Mid Frequency ¢ High Frequency
e High Power ® Moderate Power e High Power e High Power ® Moderate Power
Applications: Applications: Applications: Applications: Applications:
e Telecom Power Amplifiers e General Purpose Amplifiers e Satcom ® Radar e Satcom
® Radar ® Wideband EP Power Amplifiers |® Radar e Satcom ¢ Wideband Power Amplifiers
® Backhaul ® Backhaul

challenge when having to back off
an amplifier from saturation by sev-
eral dB. These technical needs are
ubiquitous across the frequency
spectrum.

DEVICE MODELS

The design of high frequency,
high efficiency amplifiers relies
heavily on the nonlinear device
model used in the foundry’s pro-
cess design kit (PDK). It is critical
that the simulated results of the
design closely match the measured
results well into mmWave frequen-
cies to effectively optimize device
performance, minimize design cy-
cles and increase device reliability.

Optimizing GaN HEMT perfor-
mance with a good nonlinear de-
vice PA design and optimization

ONE
‘GIANT
LEAP

4uIN-1
FOOTPRINT,
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requires accurate and complete
simulation tools, including sophis-
ticated models of power device
behavior. This is especially true
to take advantage of the high ef-
ficiency, high gain and relatively
straightforward matching methods
associated with GaN HEMTs.
There are several factors that
contribute to what might be con-
sidered a “good” nonlinear device
model for the purposes of MMIC
design, including:
e Fast simulation with no major
convergence issues
e Accuracy over a wide variety of
sizes, geometries and bias condi-
tions
e The ability for designers to ex-
ploit the device potential by ex-
trapolating beyond the regions

WURTH

ELEKTRONIK
MORE THAN
YOU EXPECT

Thetis-1

Proteus-lll

www.we-online.com/footprint

of characterization with good ac-
curacy
* A straightforward implementa-
tion that supports various simula-
tion platforms
e The ability to be extracted with a
finite amount of data
e Simple enough for regular up-
dates with a reasonable dataset.
Device models can vary in form,
feature, simulation engine, deliv-
ery format and design interface
(see Figure 2). With each model,
there is a tradeoff between accu-
racy and computational speed. The
physics-based model, for example,
predicts device operation under
various conditions (e.g., applied
bias, temperature, geometries and
doping levels). This can quickly be-
come a computationally expensive

Take future trends into account and keep the flexibility!

Committing today on a wireless technology for tomorrow seems impossible.
How nice would it be to expand your application with different radio protocols
atany time without any layout changes. Wiirth Elektronik offers you a high
degree of freedom with the radio module footprint. It is one quality proven
hardware base, that prevents you from enormous costs of re-design in future
already today. Choose between a Bluetooth®, Wirepas™ or proprietary radio
module or the combined variant of proprietary and Bluetooth®.
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Device Model Categories

Model Forms
¢ Physics-Based Large Single Model

* Empirical-Based Compact Model

* Measurement-Based Behavioral Model

* Look-Up Table Based Model

D

Delivery Format

e SDD

* Compiled Verilog-A

e Other Compiled Languages

Model Features

¢ Point Model

¢ Scalable Model

* Bias Dependent Model

Simulation Engine

* Spice Model
¢ Harmonic Balance

esign Interface
Transistor Level (Harmonic Balance, Spice, etc.)
System Level (HDL, VHDL Based Model, etc.)

A Fig. 2 Device models vary in form, features, simulation engines, delivery formats

and design interfaces.

with no conver-

Gate-Drain Fringing Capacitance
=

gence problems.

______ | It is particularly

difficult to achieve

3 =. convergence for

ol | 22 S I AN +4 devi_ces with ply-
B *_"":; G.. | namic  physical
; SO ] ! phenomena such

i l Tl as  self-heating

. | > T | and trapping.

| Intrinsic r Trapping occurs at

il :Di‘;'::sl‘:‘l’:h i1 a high drain volt-

i Gate Manifold { Elements Drain Manifold age where elec-

trons are injected

A Fig. 3 Wolfspeed's empirically-based

process, however, with less than
straightforward parameter extrac-
tion.

For this reason, a compact mod-
el is preferred, in which nonlinear
ordinary differential equations are
used to represent the semiconduc-
tor device behavior. Still, this is a
challenge; rational approximations
must be made that execute quickly
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somewhere in the
GaN HEMT heter-
ostructure, resulting in a reduction
in drain current.

Empirical models simulate de-
vice behavior by using mathemati-
cally fitted equations to observed
device performance characteristics
(i.e., |-V, charge/capacitance). They
provide a middle ground between
processing time and accuracy.

model.

These models can be used univer-

sally over a variety of platforms,
from higher-level analysis tools
such as SPICE-based circuit simula-
tors to more complex CAD tools.

EMPIRICAL-BASED COMPACT
MODEL DESCRIPTION

Wolfspeed employs an empir-
ical-based compact model that
considers the trapping behavior of
GaN devices and is accurate over
several bias conditions, sizes and
geometries. Models are continu-
ously validated with evolving GaN
process technologies. Because
the nonlinear model is not derived
from device behavior, the accuracy
of the fitting procedure is key. To
better represent GaN trapping
behavior, the model tracks the I-V
behavior of the device with differ-
ent drain biases. It accurately mod-
els the optimum power/PAE load
lines with drain bias changes. This
is critical to provide a reliable size
scaling and bias dependency. The
model has two main layers, intrinsic
and extrinsic (see Figure 3).

Intrinsic Layer

The intrinsic layer contains main-
ly nonlinear capacitances that can
be implemented based in either
the two-terminal capacitance form
or three-terminal charge form. The
three-terminal charge form is pre-
ferred, as it accounts for trans-ca-
pacitance and ensures charge con-
tinuity of the model, a necessary
step to ensure the model closely

Instruments Corporatlo 7

www.accelrf. com

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

Accel-RF is the World Leader in
Compound Semiconductor Reliability Testing!
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matches the device’s behavior and model conver-

gence.

The intrinsic model can be seen as virtual ports
that act as voltage and current probes right at the

die, while the
extrinsic portion
of the model in-
cludes packag-
ing effects. The
intrinsic ~ model
grants the ability
to observe the
voltage and cur-
rent waveforms
to verify the PA's
class of operation
and to optimize
device matching
at the fundamen-
tal and harmonic
frequencies.’

Extrinsic Layer

This layer in-
corporates para-
sitics from the
gate and drain
manifold, as well
as the gate-drain
fringing  capaci-
tances from the
coupling of the
gate and drain
fingers. This in-
cludes the access
resistances as
well as the induc-
tance and capaci-
tance of the met-
al lines contact-
ing the gate and
drain that act as a
transmission line
at RF frequencies
and beyond. The
manifolds for the
gate and drain
introduce an ad-
ditional inductive
and  capacitive
effect that is con-
sidered.

GAN
MODELING
PERFORMANCE

Small-Signal
Model Accuracy
An  accurate
small-signal mod-
el is important to

Transfer IV, 2 x 125 pm
1000

8oo [ QP(-6V, 15V)
600
400
200

0

-200
-4.6 -2.6 -0.6 1.0

Vds: 25V,5V,15V,25V,35V,45V, 55V

Transfer IV, 2 X 125 pm
1000

go0| QP(-6Y, 20V)

600
400
200
0
-200
-4.6 -2.6 -0.6 1.0
Vds: 25V,5V,20V,30V,40V, 50V
Transfer IV, 2 x 125 ym
1000
800 | QP(-6V, 28V) p
600 =
400 '
2.5v
200 28-48V
N
-200
-4.6 -2.6 -0.6 1.0
Vds: 25V,5V,8V, 28V, 38V, 48V
Transfer IV, 2 X 125 pm
1000
Qpr(-6V, 35V)
800 7
600 s 7

400
200
0

-200
-4.6 -2.6 -0.6 1.0

Vds: 25V,5V,15V,25V,35V,45V, 55V

Transfer IV, 2 X 125 pm
QP(-6V, 40V)

1000
800
600

400
200 40-50V 7

.5v

0P

-200
-4.6 -2.6 -0.6 1.0

Vds: 2.5V,5V,20V, 30V, 40V, 50V

A Fig. 4 -V curves showing a reduction
in saturation current and a consistent
shift in threshold voltage at and beyond
the quiescent point.
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A Fig. 5 Small-signal model evaluation for the G40v4 node, checking for S-parameter
and gain scaling vs. bias and size.
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properly design the matching net-
works and perform stability analy-
sis. The dynamic nature of GaN de-
vices with trapping and self-heat-
ing causes unique changes to the
small-signal parameters. The slope
of the |-V curve is greatly affected
with a changing drain-source volt-
age (V). This can be seen in Fig-
ure 4, where the |-V curve is shown
at different biases (V). This high-
lights the saturation current (ver-
tical axis) and threshold voltage
(horizontal axis).

As shown in every graph, there is
an apparent change in the thresh-
old voltage (Vy,) when the quies-
cent bias is increased. Vy;, becomes
positive until the quiescent bias
point; however, this does not go
on indefinitely (see Figure 5a). Vy,
becomes positive at 15 V and stays
constant beyond 15 V. This appar-
ent shift in the Vy, must be incor-
porated in the small-signal model.
Wolfspeed models take care of the
additional adjustments in the for-
mulation.2

The Wolfspeed model is evaluat-
ed for its scaling robustness across
a wide range of biases and sizes to
ensure model accuracy. This can be
seen in Figure 5, where the model
is validated with various gate fin-
gers, gate widths and bias condi-
tions to provide usage guidelines.
Every quarter, six to 12 wafers are
submitted for each GaN process
technology node to ensure that the
nonlinear model continues to accu-
rately reflect the devices. The mea-
sured results very closely match
the model simulations, ensuring an
accurate small-signal model for de-
signers over a wide range of gate
widths, above the knee voltage
and below the knee frequency.

Large-Signal Model Accuracy
Large-signal load-pull, source
pull and power drive-up are also
verified for various frequencies,
bias conditions and device sizes to
ensure accurate large-signal scal-
ing and drive-up predictions (see
Figure 6). The power contours in
the load-pull analysis are critical
not only to observe the impedance
but also to readily observe the
shape to ensure that the device’s
large-signal output capacitance or
output current and output voltage
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characteristics are within specifica-
tions.

This is especially important near
the impedance region in which
a designer will work to create a
wideband PA. The power drive-up

curves are useful for overall model
validation in the back-off and com-
pression regions. With an accurate
and scalable large-signal model in
place, it is possible to design much
larger power transistors. When

Source Pull 10 GHz

Load Pull,

10 GHz, 6 x 125 pm
— —

Load Pull,
3.5 GHz, 4 X 250 pm
N

4 x125 ym

(a)

Power Drive Up
20

15

10

Gain (dB)

5| | Measured
Modeled

012 14 16 18 20 22 24 26 28 30 32 34 36 38
Pout (dBm)
60

50| | Measured
Modeled

40
30
20
10

PAE (%)

012 14 16 18 20 22 24 26 28 30 32 34 36 38
(b) Pout (dBm)

A Fig. 6 Large-signal simulation vs. model for the V3-V4 nodes: load and source-pull

(a) and gain and efficiency vs. power (b).
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working with large-signal models,
designers must ensure that they
do not drive the model deeply into
compression where voltage and
current clipping, or breakdown, oc-
curs as the model will not predict
this accurately. These parameters
are difficult to control, even for
measured results.

Model Verification: MMIC and PCB
Levels

Validating the model at the tran-
sistor level may not show the big-
ger picture. Major issues can crop
up at the circuit level, where the
extrinsic portion of the nonlinear
model doesn't necessarily cor-
respond with reality. Wolfspeed

- Pout vs. Freq
8.0 8.5 9.0 9.510.010.5 11.011.512.0
rff

PAE vs. Freq

0
8.0 85 9.0 9.510.010.5 11.011.512.0

rff

40
< 3 S21 vs. Freq
N
a=
i 20
ohes
X € 10
s
oo \\
ET O B
3

_104 56 7 8 9101112131415

Frequency (GHz)

| Measured Modeled Full EM Sim of MN |
Frequency: 8-11 (GHz), MMIC HPA

(b)

A Fig. 7 MMIC PA design (a) with
simulated vs. measured performance (b).
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validates models at the circuit level by dropping the
nonlinear model into larger MMIC and printed circuit
board (PCB) circuit designs. Model realism is further
validated by comparing model results with measured
results. The process involves observing the magnitude
of key parameters such as output power (P, ), PAE
and gain (|Sy4)) for wideband circuits and discerning
whether the model results track with the measured re-
sults (see Figure 7).

Wolfspeed leverages discrete products to visual-
ize modeled and measured S-parameter results at the
PCB and package level. Figure 8 shows small-signal
S-parameters (|Sq14|, [Soo| and [S,4)) as well as large-
signal P, PAE and gain parameters for old models,
updated newer models and measured results. The old
models are included to readily note any discrepancies
that would make apparent any issues with an updated
nonlinear model.

NONLINEAR DEVICE MODEL WITH THE
WOLFSPEED GAN PDK

Working with the nonlinear device model using the
Wolfspeed GaN PDK involves 13 model parameters
that depend upon device geometry, thermal charac-
teristics, yield-analysis parameters, model-related pa-
rameters, manifold characteristics and via configura-
tion (see Figure 9).

Geometrical parameters include the scaling size,
number of parallel FETs, gate fingers, gate-source
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A Fig. 9 Nonlinear device model in Wolfspeed's GaN PDK.

pitch and gate-drain pitch, while
thermal parameters include base
temperature and thermal resis-
tance. Yield-analysis parameters
consider process variations that
might change intrinsic model pa-
rameters such as Cy, and transcon-
ductance. Designers can either use
the manifold parameters set by the
model or design their own manifold
metallization structure and simulate
it using an electromagnetic simula-
tor to obtain an S-parameter model
to use in a large-signal model after
de-embedding.

Typical Design Process

The general amplifier design
process is to first load-pull the
transistor model within a harmonic
balance simulator in which the de-
signer must ensure that the tran-
sistor does not become unstable
in the unmatched environment. If
this happens, the source and load-
pull will give inaccurate results or
simply not converge. These source
and load impedances are the foun-
dation for the initial circuit design.

After this, the completed amplifi-
er can be simulated and optimized.
Finally, amplifier layout can occur
with all required electromagnetic
blocks. These designs rest heavily
on the accuracy and scalability of
their small-signal and large-signal

100

models wherein the measured re-
sults should be well-correlated with
the model results.

GaN Design Considerations

The following is especially true
for GaN HEMTs. The dynamic trap-
ping behaviors impact the accuracy
of both small-signal and large-signal
models. GaN also has a relatively
soft compression characteristic un-
der class (ABCF)B to class (ABCF)
operation. This shifts the traditional
design methodology in which the
typical specifications for compres-
sion and linearity (i.e., Pyqs. P3gp)
are not actually relevant for GaN
devices. Instead, GaN HEMTs show
better efficiency and linearity to
higher compression levels than oth-
er semiconductor technologies.

Early compression in driver stag-
es of multi-stage amplifiers needs to
be considered and accounted for in
sizing of drive ratios, as gain may be
reduced earlier in the power drive-
up curve. GaN HEMTs also tend to
have gain expansion near the pinch-
off bias condition. To improve lin-
earity, it may be preferable bias the
amplifier near class (ABCF)B, where
a sweet spot can be found between
expansion and soft compression.

CONCLUSION

GaN HEMT devices are highly
sought-after devices in the A&D

industry due to their high efficien-
cy, high gain and straightforward
matching characteristics. To take
full advantage of these devices,
however, designers must rely heav-
ily on the accuracy of their device
models. With good device models,
designers can exploit the full de-
vice potential and perform more
in-depth, what-if analyses for faster
design cycles and greater first-pass
design success.

This extends to multi-amplifier
design architectures where repeat-
able performance is relied upon for
an accurate statistical analysis with
real-world component variations
and fabrication tolerances. The
merit of these nonlinear models for
a GaN design as well as the ones
provided with Wolfspeed's pack-
aged designs offer massive gains
in modeling flow efficiency. B
I
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Monolithic Dual-Band

Multi-Mode Phase Shifters
Based on All-Pass Networks

Yitong Xiong and Xiaoping Zeng

Chonggqing University, Chongging, China

Dual-band multi-mode phase shifter MMICs are based on all-pass networks. The 90- and
180-degree phase shifters operate in low-band, high-band and concurrent dual-band modes.
The low and high bands are 4.7 to 5.5 and 24 to 27 GHz, respectively, for 5G applications. A
phase compensation scheme eliminates phase errors in multi-mode operation. The 90- and
180-degree dual-band phase shifters are fabricated with a 0.15 pm GaAs PHEMT process and
have chip areas of 2.7 and 2.9 mmz2, respectively, including bond pads. Measurements exhibit
very low amplitude imbalance and phase error.

hased array technology

plays an important role in

rapidly developing smart

wireless  systems,’3  and
phase shifters are key building
blocks. Multi-functional wireless fa-
cilities also need phased arrays that
operate over multiple frequency
bands.4¢ So, it is cost effective to
develop phase shifters that operate
over multiple frequency bands, in-
stead of using multiple single-band
phase shifters.

This article describes the design,
optimization, control and measured
performance of 90- and 180-degree
multi-mode dual-band phase shift-
ers. The proposed designs provide
independently controlled phase
states in the 4.7 to 5.5 and 24 to 27
GHz bands, which supports the sub-
6 GHz and 24.25 to 27.5 GHz (n258)
5G bands.

MULTI-MODE DUAL-BAND
DESIGN

Figure 1a shows a two-port, four-
element all-pass network.” When L/C
- 702, |521| = 1 and [S11] = [S22] = O.
Both ports are matched at all frequen-
cies. The all-pass network has a transi-
tion frequency , = WLC . The com-
ponent parameters in the network are
determined using the equation

A switched 1-bit, single-band
phase shifter cell can be realized
by combining two all-pass networks
with two single pole double throw
switches, as shown in Figure 1b.
The center frequency, and ¢, and
ratio factor, k, are given by

Oc = OO0 (3)
k= 20 (4)
()

where oy and w,, are the tran-
sition frequencies of the reference
and phase shifting paths, respec-
tively. The phase shift of the single-
band phase shifter is given by

Ap(0)= Z{arctan(k_w_ w_c]

oc ko

—arctan[i—kw—cﬂ (5)
ko ©

dA¢(@)/de = 0 when © = oc.
Therefore, |Ag| attains a maximum
value at w=w¢, and

Ap(o¢)= Z[arctan(k - &)

—arctan(%— kj] (6)

Ag(w() is related only to k accord-
ing to equation (6). Figure 2illustrates
the phase shift of a switched, 1-bit,
single-band phase shifter cell versus
normalized frequency and values of k.

A simple multi-mode dual-band
phase shifter can be realized by
connecting two single-band phase

2L

o—— T

(Cp— —

Reference Path

All-Pass
JL=
o—o— <k —~0—0
All-Pass
Wy2
(b) Phase Shifting Path

A Fig. 1 Four-element all-pass network
(a) and switched 1-bit single-band phase
shifter cell (b).
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Reference Path
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—
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A Fig. 2 Phase shift of the switched

Phase Shifting Path
High-Band Phase Shifter

1-bit single-band phase shifter cell. A Fig. 3 Multi-mode dual-band phase shifter circuit.

TABLE 1
OPERATING MODES

Reference Path Phase Shifting Path Reference Path

Phase Shifting Path

Reference Path

Reference Path Phase Shifting Path

Phase Shifting Path

Reference Mode Low-Band Mode High-Band Mode

Dual-Band Mode

— Figure 4a Figure 4b

Figure 4c

frequencies of the low-band and
high-band phase shifters, respective-
ly. The ratio factors of the low-band
and high-band are given by 1

kL:\/O’m kH:\/(’)Hﬂ (8)
(V) Oht2

S W SN

shifter cells in series (see Figure 3).
The low-band and high-band center
frequencies are given by

O = O O 12, Oy = /O Opry (7)

respectively (wy > w|), where [w| 4,
0] and [wyy, o] are transition
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respectively. The
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relationships

The phase shift in the dual-band
mode can be written as
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Appg (w) = Z{arctan(kL—w - &)
()] kL(D

0} k, o
—arctan| —— — L
ko, o
kno o
+arctan| —H—=_— —H_ (9)
(DH kH(,l)

(O] _ kH(,l)H
kyoy ®

—arctan

H: A(.PDB((L)L) = A(PDB<(1)H) = Od, Where
64 denotes the desired phase shift, an
accurate phase shift can be obtained
in dual-band mode; however, phase
errors emerge when the dual-band
phase shifter operates in the low-
band or high-band modes. Phase
errors are caused by the nonzero
phase shifts of the low-band phase
shifter at = wy and the high-band
phase shifter at w = | (see Figure
5). The phase errors of the low-band
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and high-band modes are given by

Oorr L= Z[arctan[k—H—ﬁ} (10)
- P ky

—arctan L— k
ok PXH

1
= 2| arct: kg ———
Perr_H |iarc an(p pij

—arctan[ﬁ—k—Lﬂ (11
ke p

respectively, where p = wy/w,.
Figure 6 plots the phase errors ver-
sus p and values of k, where k, =
ky = k. As shown, the phase error
diminishes with the increasing p or
decreasing k.

OPTIMIZATION

A dual-band phase compensa-
tion technique eliminates the phase
errors. Phase compensation cells
are cascaded with the main cells, as
shown in Figure 7. To compensate

£
<
)
3
©
=
o
Low-Band High-Band
@) Frequency
0 |
£
=
)
2
©
T
04
Low-Band High-Band
®b) Frequency
0
=
)
/_\ 2
@
/ T
04
Low-Band High-Band
© Frequency

A Fig. 4 Dual-band phase shifter
operating modes: low-band (a), high-
band (b) and dual-band (c).
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A Fig. 5 Phase shift of the simple multi-
mode dual-band phase shifter.
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for phase errors, the phase compen-
sation cells use the same topology
as the main cell but with ratio fac-
tors ke and ke < 1.

Considering the low-band mode,
the center frequency of the low-
band compensation cell is set as
| = oy. The phase shift of the low-
band phase shifter is

Agg(®)= Z{arctan(kL—m— oL j

()} k|_(D
[0} ko
—arctan| —— - =L
ko, ©
kepo
+arctan| —S—_ —H_
(DH kCL(D

) kepo
—arctan| ———— —CL™H
kLwH (O]

To cancel the phase errors at w
=0 and o = oy, consider the follow-
ing equations:

A(PLB ((DL) = Gd (1 3)

Agig () =0 (14)

When 64, o and wy are chosen,
the design parameters k and kg
can be obtained by solving equa-
tions (13) and (14). The design of
the high-band phase shifter follows
the same process as the low-band
phase shifter design. Ideally, ky =
k. and kcy = k¢ if identical phase
shifts are desired for low-band and
high-band.

Figure 8 plots the simulated
phase shifts of the low-band and
high-band phase shifters, respec-
tively, with 64 = 180 degrees, f =
5 GHz and fy; = 25 GHz. As shown
in Figure 8a, the low-band phase
shifter achieves exactly 180 degrees
phase shift at f, = 5 GHz and O de-
gree phase shift at fy; = 25 GHz. Sim-
ilarly, phase errors of the high-band
phase shifter are cancelled with the
use of the compensation cell, as
shown in Figure 8b. Accurate phase
shifts are obtained whether the low-
band and high-band phase shifters
operate individually or concurrently.

(12)

CIRCUIT IMPLEMENTATION

Figure 9 shows the multi-mode
dual-band phase shifter schematic.
For each phase shifter cell, the ref-
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Reference Path erence path and phase shifting path

Reference Path
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i (QIEY] i e W1 WcHt1 .
: 5 low-band and high-band phase
o—o— | (kL (kCL<1 ~o—o0— (kH (:kCH<1 ~o—0 shifters are controlled with 2-bit
T_é_ All-Pass | | All-Pass _J L All-Pass All-Pass _J |OgiC voltages, A and Vy. When
L e TP e ) i Vi =1, Si4s St Scrar Sciz are on
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WP T I R Main Cell _Compensation Cell low-band phase shifter operates in

Phase Shifting Path
High-Band Phase Shifter

Phase Shifting Path
Low-Band Phase Shifter

the reference state. When V| = 0,
SL1' SL4' SCLZ' SCL3 are Oﬁ: and SLZ'

13- Sci1, Scia are on, the low-band
phase shifter is in the phase shift-
ing state. Similarly, when V, = 1, the
high-band phase shifter operates in
the reference state, and when V,; =
0, the high-band phase shifter oper-
ates in the phase shifting state.

The values of the components
in the dual-band phase shifter are
listed in Table 2. Phase shifts at f
and f, can be designed to be slightly
greater than 64 to acquire moderate
bandwidth. The 90- and 180-degree
dual-band phase shifters were de-
signed and fabricated using a com-
mercial 0.15 pm GaAs PHEMT pro-
cess. As the PHEMT switches have
parasitic on resistance and off capac-

A Fig. 7 Prototype multi-mode dual-band phase shifter circuit.

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

EMI/EMC Troubleshooting Techniques - Online

Live Online Class: May 24-25, 2022

RF Power Amplifier Design Techniques - Online
Live Online Class: June 6-9; June 13-16, 2022

EMI/EMC Design Fundamentals - Online
Live Online Class: July 18-22, 2022

mmWave MMIC and RFIC 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

www.BesserAssociates.com

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!

RF Mentor Academy
Subscription: Access
select Besser online
training courses &
premium tutorials.

info@besserassociates.com

Besser Associates

WRF Technology
W Certification..

www.besserassociates.com

itance, the component values were
optimized to compensate for these
parasitics. Both phase shifters were
designed to provide independently
controlled phase shiftinthe 4.7 to 5.5
and 24 to 27 GHz frequency bands.
To verify the phase compensation
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A Fig. 8 Simulated phase shift of the

low-band (a) and high-band (b) phase shifter
with k; =ky = 1.64 and k¢ = ke = 0.94.
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A Fig. 9 Multi-mode dual-band phase shifter schematic.

TABLE 2
COMPONENT CALCULATIONS
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A Fig. 10 Chip layouts: 90- (a) and 180- (b) degree dual-band phase shifters.

technique, the compensation cells
were designed to be independently
controlled. The 90- and 180-degree
dual-band phase shifter designs cov-
ered MMIC areas of 2.16 x 1.24 mm
(2.7 mm?) and 2.35 x 1.24 mm (2.9
mm?2), respectively, including bond
pads (see Figure 10).

MEASURED RESULTS

The MMICs were measured
on-chip using a Cascade Summit
12000M  microwave probe test-
ing station and a Keysight N5247A
PNA-X network analyzer. Figure 11
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shows the measured response and
amplitude imbalance of the 90-de-
gree dual-band phase shifter in the
reference, low-band, high-band and
dual-band modes. The insertion
loss in the reference mode was less
than 1.7 dB and was less than 2.5
dB in the low-band and high-band
modes, respectively. |Sq4| was bet-
ter than 13 dB in either band. Am-
plitude imbalances were less than
0.15 and 0.24 dB in the low-band
and high-band modes, respectively.

Figure 12 shows the phase shift
and phase error of the 90-degree

dual-band phase shifter with (solid
line) and without (dashed line) the
compensation cells. With compen-
sation, the phase errors are less than
2.2 and 2.6 degrees in the low-band
and high-band modes, respectively.
Without compensation, the phase
errors increase to 12.9 and 14.3
degrees in the low-band and high-
band modes, respectively.

Figure 13 shows the measured
response and amplitude imbalance
of the 180-degree dual-band phase
shifter in the reference, low-band,
high-band and dual-band modes. As
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shown in Figure 13a, measured in-
sertion losses in the reference mode
were less than 2.6 dB and 3.4 dB in
low-band and high-band modes, re-
spectively. The return loss was better
than 12 dB in either band. Amplitude
imbalances were less than 0.36 and
0.25 dB in the low-band and high-
band modes, respectively.

Figure 14 shows the phase shift
and phase errors of the 180-degree
dual-band phase shifter with (solid
line) and without (dashed line) the

compensation cells. With compensa-
tion, the phase errors were less than
4.1 and 4.5 degrees in the low-band
and high-band modes, respectively.
Without the compensation cells, the
phase errors increase to 30.8 and
38.2 degrees in the low-band and
high-band modes, respectively.

CONCLUSION

Using a commercial 0.15 pm
GaAs PHEMT process, 90- and
180-degree dual-band multi-mode

PPI
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phase shifters were designed and
fabricated. The phase shifters oper-
ate in the 4.7 to 5.5 GHz (low-band),
24 to 27 GHz (high-band) and both
bands concurrently (dual-band).
A phase compensation scheme
eliminates the phase errors in multi-
mode operation. Measurements
confirmed low amplitude imbal-
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A Fig. 11 90-degree dual-band phase
shifter measured performance (a) and
calculated amplitude imbalance (b).
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ance and phase error. The proto-
type phase shifters, which support
the sub-6 GHz and n258 bands, are
good candidates for 5G systems. B
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Measuring Immissions of 5G
Base Stations with Beamforming

Holger Schwarz

Narda STS, Pfullingen, Germany

Thomas Jungmann

Texterei Jungmann, Wangen, Germany

5G is the wireless communications standard for the next decade. With frequencies to 88 GHz and
peak transfer rates of 10 Gbps, 5G has attracted significant investment across the supply chain,
from the semiconductor suppliers through the mobile operators to application developers. From
the measurement viewpoint, measuring the RF performance of the 5G base station to the 3GPP
standards has largely been addressed except for assessing compliance with the electromagnetic
field (EMF) immissions standards for base stations using beamforming. This article addresses the
challenges posed by beamforming antennas.
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o ensure public safety, Germany

and most other countries require an

EMF immission evaluation of cellu-

lar base stations, beginning when
new transmitting equipment is submitted to
regulatory agencies for approval. The aim is
to determine the worst case (i.e., greatest)
field strength people can be exposed to. If
this is below the health and safety limits, the
equipment can be approved and assumed
to operate safely in all situations. Theoreti-
cally, to assess immissions, the system op-
erator would run the base station and an-
tennas at full power for the duration of the
EMF measurement. Practically, this pres-
ents a problem outside of a lab or testing
environment. The network operator would
have to isolate the system from live opera-
tion and test it by itself, offline and at full
power. This is not something a government
authority could demand from an operator
and would be contrary to an independent,
unannounced external check of the immis-
sions of a system. If the operator is unaware
the system is being measured, the values
will be trustworthy and no one can reason-
ably claim the equipment was manipulated
to obtain an acceptable result.

MEASURING IMMISSIONS

To assess the immissions of an installation,
the regulations (e.g., BImSchV in Germany)
stipulate that the electric and magnetic field
strength at the maximum operational load
(i.e., power) are to be determined. In the
event the maximum cannot be set during
the measurement, a suitable extrapolation
to the maximum is allowed.

The measurement is where “the wheat
and the chaff are separated.” First, the sig-
naling, which is always transmitted at a con-
stant power level, must be separated from
the data traffic (see Figure 1). The signaling
signal is used by a cellphone to synchronize
to the network, and it provides the measure-
ment with a reference level for extrapolation.
However, the maximum possible immission
from the base station is radiated by the traf-
fic, not the signaling. So when measuring im-
missions, the test instrument must be able to
separate the signaling from the composite
signal.

How this is done has evolved over the
generations of cellular technology (see Ta-
ble 1). With GSM, it was possible to sepa-
rate the signaling channels by frequency.
For the extrapolation, a technician tuned
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A Fig. 1 Spectrograms of 5G transmissions: signaling (a) and signaling with traffic (b).

the measuring instrument to record
the frequencies that contained only
the signaling signal. With the next
generation, UMTS, and the adop-
tion of code division multiple ac-
cess (CDMA), it was not possible to
separate the signaling and traffic by
frequency; the old frequency selec-
tive test equipment could not dis-

tinguish between the signal types.
With coding, the signal transports
information uniquely assigned to a
specific radio cell. Code-selective
measurements replaced frequency
selective measurements for deter-
mining EMF immissions, requiring
the testers to decode the coding.
Code-selective  measurement
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methods are now indispensable.
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TABLE 1
EVOLUTION OF WIRELESS NETWORKS
2G (GSM) 3G (UMTS) 4G (LTE) 5G NR
RF Frequency
Range (GHz2) <3 <6 <6 <b6and>24
< 6 GHz: up to
RF Bandwidth 100 MHz
Per Carrier 200 kHz DLlar Lpito 20 A > 24 GHz: up to
400 MHz
Downlink Data | 9 4 kops 384 kbps 150 Mbps 10 Gbps
Latency (ms) ~100 ~30 ~1

Narda STS has a heritage devel-
oping EMF test and measurement
equipment to assess compliance
with the standards for safety, envi-
ronmental and personal protection,
and the Narda STS SRM-3006 is one
such instrument (see Figure 2). It
displays the EMF strength as a per-
centage of the regulatory limits or
standards and covers all the cellular
bands, including the new 5G bands
in frequency ranges 1 (FR1) and, us-
ing two new 5G downconverter an-
tennas, also 2 (FR2).

Wright Technologies

Battle Tested & Built to Last

BEAMFORMING COMPLEXITY
The development and adop-
tion of MIMO and massive MIMO
(mMIMO) antenna systems has
complicated immissions  testing
because a beamforming antenna
has different antenna patterns
and gains for traffic and signaling.
mMIMO provides spatial multiplex-
ing and concentrates the trans-
mitter's power into one or more
beams that increase the overall data
throughput and system efficiency
(see Figure 3). Initial 5G deploy-
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ments seem to
have standardized
around 32 or 64
active antenna el-
ements, although
that number can
potentially grow to
between 128 and
1024 antenna ele-
ments.

mMIMO directs
the output power
of the base sta-
tion to individual
cellphones  using
multi-user beam-
forming  (MUBF),
i.e., forming or
shaping the anten-
na pattern by man-
aging the phase

differences among A Fig. 4 Typical sector coverage for a base station sector
the signals applied without beamforming.

to the antenna el-
ements. mMIMO
uses beam steering
to point the anten-
na beams to focus
on a user or group
of users. Beam-
forming and beam
steering increase
the link range and
reduce interference
between radio
cells,  optimizing
the radio coverage
for smaller areas
of a sector. Focus-

ing the transmitted

power on the users A Fig. 5 Notional sector coverage with beamforming.

also increases the
efficiency of the base station.

With beamforming, the antenna
no longer covers a 120-degree sec-
tor with a single wide beam (see
Figure 4). The base station focuses
a beam or several beams on the us-
ers (see Figure 5). To determine the
optimum direction for a user, the
base station will transmit the signal-
ing beam in several directions, such
as seven horizontal directions 17
degrees apart (i.e., 120/7). As the
base station steps through the sig-
naling beams, a receiving cellphone
measures the strength of each sig-
nal and tells the base station which
beam has the best quality. The base
station uses this as the best direc-
tion for the user until the user moves
or the propagation changes.

Beamforming is typically used
at the upper frequency cellular
bands, i.e., above 2.5 GHz. The
lower bands—700, 800 and 900
MHz—are largely used in rural areas
because of the lower population
density and superior propagation,
yielding a longer range between
towers. Data throughput is not likely
to reach network capacity. Areas
with high population density, such
as inner cities or exhibition cen-
ters, demand higher capacity and
data rates. In such cases, base sta-
tions tend to use higher frequency
bands, where the bandwidth and
data capacity are greater. Although
the coverage range is less, the cu-
mulative result is more data capacity
in the network, which can be further
increased with mMIMO.
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Implementing beamforming
antennas is more practical at the
higher bands, where the half-wave-
length spacing between the an-
tenna elements results in compact
antennas—=80 x 80 or 90 x 90 cm—
that can be mounted on a rooftop
or tower by one or two people. In
comparison, a 900 MHz beamform-
ing antenna would be some 3 m?,
too large for most installations.

BEAMFORMING ANTENNA
IMMISSIONS

Determining the immissions of a
5G base station without beamform-
ing requires measuring the signal-
ing signal and extrapolating the
result to the entire bandwidth. With
beamforming, the method requires
an additional beamforming factor,
derived from the difference be-
tween the antenna patterns for the
signaling and traffic signals at the
measurement location. The two an-
tenna patterns are provided by the
operator, and the difference at the
measurement location is used with
the signaling measurement to de-
termine the maximum traffic immis-
sion value, i.e., the maximum pos-
sible immission of the base station.

Even with beamforming, the sig-
naling from the base station is radi-
ated using a broadcast beam, which
has a wider beamwidth than the traf-
fic signals responsible for the immis-
sion. The broadcast beam is mea-
sured, and the result is extrapolated
using the beamforming factor to give
the field strength if the traffic were
solely directed to the measurement
point. For time-division duplexing
networks, the uplink/downlink con-
figuration is another factor that must
be included in the extrapolation.

One of the measurement chal-
lenges is knowing the location of
the measurement point with respect
to the direction of the base station
being measured. This is often de-
termined the “old-fashioned way,”
using a map with a compass, range-
finder and protractor to determine
the distance, direction, azimuth and
elevation of the measurement point
relative to the antenna. The test tech-
nician uses this location to determine
the antenna gains for the broadcast
and traffic beams, which is provided
by the operator. The gain difference
is part of the immission calculation.

Another challenge unique to
beamforming antennas is knowing
whether the beam is focusing on
the measurement point when the
measurement is made, as reliable
information about beam pointing is
unavailable. Techniques are needed
that can extrapolate to the maximum
system state from the signaling and
address the uncertainty of a moving,
narrow lobe. A simple solution would
be forcing the beam to point at the
measurement location. This could
be done using a special handset that
requests a massive data download,
triggering the transmitter to direct a
full power beam toward the handset.
The maximum field strength could
then be measured. However, this
method only works if the measuring
device is the only receiver in the cell.
With another active user geographi-
cally separated, as shown in Figure 5,
a second beam will be formed that
will reduce the power from the mea-
surement point and lead to an incor-
rect immission measurement. This
simple method is not suitable for a
cell operating normally and is not
appropriate if the measurement is to
be independent and unannounced,
which is usually the intention.

SUMMARY

Measuring immissions for 5G NR is
not very different from the approach
used with earlier cellular generations,
i.e., GSM, UMTS and LTE. Measuring
instantaneous EMF immissions of a
base station is comparatively simple.
It becomes challenging when the
immission evaluation is to be based
on the maximum system state, as
required in Germany, for example.
Then it is necessary to extrapolate
the actual measured field strengths
to the maximum possible value,
which can only be accomplished by
using code-selective measurements.
These were developed with the tran-
sition from GSM to UMTS and ap-
ply directly to 5G NR base stations
that do not use beamforming. For
5G systems that use MIMO or mMI-
MO, typically in the bands above
2.5 GHz, the measurement must
account for the added gain of the
steered beams. The test approaches
and standards for such beamforming
immissions measurements are being
finalized by the regulatory bodies in
several countries. ®
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New High-Power PIN Diode Switches and Programmable Attenuators
Smarter Connectivity for Electronic Warfare

Our new series of High-Power PIN Diode Switches and Programmable Attenuators
are extremely useful in transmit and receive chains and are well-suited for
Electronic Warfare and Electronic Countermeasures applications. The innovative
lineup of broadband Programmable Attenuators covers DC to 40 GHz and offers
designers flexibility with TTL, USB, or Relay controlled options.

Give us a call or order online at pasternack.com by 6 PM CT to have your parts
shipped today!

pasternack.com
+1(866) 727-8376 .
+1(949) 2611920 In-Stock and Shipped Same-Day
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Signal Source

Frequency Extender
Provides 220 to 330

GHz Coverage

Eravant
Torrance, Calif.

ccurate and reliable signal sourc-

es are essential for research and

development work at mmWave

frequencies. Approaching THz
frequencies, the available options for signal
generation are limited but, thankfully, growing.
The newest offering from Eravant is the model
STE-KF1803 frequency extender, which com-
bines Eravant's high power amplifier expertise
with multiplier diode technology from ACST
GmbH. This x18 multiplying source extender
accepts input signals from 12.2 to 18.3 GHz
and delivers full-band frequency coverage
from 220 to 330 GHz with a nominal output
power of +5 dBm (see Figure 1).

In many applications, power levels great-
er than 0 dBm are required to provide ad-
equate signal amplitude for driving the mix-
ers and modulators used in radar, communi-
cation, instrumentation and remote sensing
systems. When testing passive components
such as filters, couplers and isolators, higher

signal levels provide greater measurement
dynamic range.

Used with a low frequency programma-
ble signal generator or sweeper, Eravant’s
frequency extender preserves the inherent
switching speed, frequency accuracy and
amplitude stability of the frequency source.
With its combination of full-band frequency
coverage and ample output power, the STE-
KF1803 is a versatile addition to the lab for
research and development at sub-THz fre-
quencies. Designed for benchtop use, the
unit measures 4.9 x 5.0 x 1.9in.

The nominal input power level is +3 dBm,
provided through a 2.92 mm female coaxial
connector. The output uses a WRO3 anti-
cocking waveguide flange, with the output
level adjustable over a 25 dB range using
an integrated manual attenuator. Harmonic
content in the output is -15 dBc or lower, and
typical spurious signals are -60 dBc or below.
The input return loss is 10 dB or better.
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TIME AND FREQUENCY
OSCILLATORS

BEST ADEV AND PHASE NOISE OCXO
RUBIDIUM FREQUENCY STANDARDS

)
ﬁln

PRECISION LOW PHASE NOISE OCXO

MV341 10.0 MHz

\ Phase Noise
12V supply, 51x51x16 mm  [ISSAES poect B
Ultra-low phase noise i e
.Y 100 Hz -160
Allan Deviation: 1.5E-13 (1s) 1 kHz 17

Temperature stability: +1E-9 il

Aging: £1E-8/year

—

RUBIDIUM FREQUENCY STANDARD

RFS-M102 10.0 MHz

12V supply, 51x51x25 mm

Temperature stability: < £1E-10

Aging: <x4E-12/day, <+5E-10/year

High reliability (Rb lamp life time up to 20 years)
1 PPS IN and OUT available by default

Located in California’s Silicon Valley, Morion US supplies customers with high performance, Morion US, LLC
high reliability crystal oscillator and crystal filter products for telecommunications, navigation and 1750 Meridian Ave. #5128
test & measurement applications. San Jose. CA 95150

Morion US is a company for which quality and reliability of products supplied are uncompromised. +1 408 329-8108
This is the essence of Morion US, LLC. Sales@n‘]orlon_uscorn

Our technologies are based on more than 80 years experience in precision quartz products, including WWW.morion-us.com

those for Military and Space.

| B

We have a highly skilled workforce, excellent manufacturing and R&D capabilities.




_ MINIATURE
" RF CONVERTER

X

smaller

than traditional
converter technology

+ Wideband RF converter; less than 5 cubic in.

= 4 integrated wideband synthesizers: coherent,
fast tuning, low noise

* Embedded pre-select frequency filters

* Over 55dB dynamic range with low spurious

Test and Measurement, Real-time and Long-term monitoring

Cost-efficient RF Power Meter from Kuhne for 10 MHz to 8 GHz.
It utilizes 2 independent channels with a dynamic range of 65 dB.
The instrument can be operated stand-alone or as data-logger for
monitoring applications. Readings are displayed directly at the
device and can be recalled via ethernet. Webinterface, CSV-file-
export and configuration of the instrument are realized using
SNMP or HTTP (JSON). Available as PoE version, too - this allows
usage without additional power-supply.

Soon also available for 40 GHz and as 19" RACK Version.

KUHNE electronic

Kuhne electronic GmbH v
Scheibenacker 3 info@kuhne-electronic.de

+49 (0)9293 800 640
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A Fig. 1 STE-KF1603-14-S1 typical output power.

A Fig. 2 Three element varactor multiplier diode from ACST
GmbH.

WHY FREQUENCY MULTIPLICATION

Several approaches can be used to extend the fre-
quency range of a tunable RF signal source. Up-conver-
sion using a mixer and fixed frequency or tunable local
oscillator (LO) may seem like a reasonable approach for
covering a narrow range of frequencies; however, this
technique has disadvantages. To preserve the frequen-
cy accuracy and phase noise characteristics of the low
frequency source, the frequency and phase noise of the
LO must be low, which typically requires a phase-locked
or synthesized LO. Up-conversion may require an LO
frequency relatively close to the desired RF output. A
sub-harmonically pumped up-converter can be used,
although it may not yield sufficient RF output power.
Another challenge for up-converting to sub-THz fre-
quencies is suppressing unwanted LO, sideband and
spurious signals.

Compared with up-conversion, frequency multipli-
cation with amplification is the preferred approach for
generating tunable test signals at mmWave and THz
frequencies. However, the frequency of the phase noise
sidebands of the low frequency source will be expand-
ed in proportion to the extender’s multiplication factor.
For an ideal noiseless multiplier, the phase noise power
density at a given offset from the carrier, relative to the
carrier amplitude, is increased by 20log(N), where N is
the multiplication factor. The STE-KF1803 frequency
extender employs a cascade of multiplier stages and
matching circuits, filters and amplifiers to achieve a net
multiplication factor of 18.

ACST DIODE MULTIPLIER
At mmWave frequencies, varactor diodes are often
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CERNEX, Inc.
& CernexWave

5G Ready suB-SIX,Ka-Band&V-Band

e 5G AMPLIFIERS FOR BASE STATIONS &S
WITH MULTICHANNELS(10-100W) &4 - =
0.6-2.7GHz,2.7-6GHz,0.5-6GHz,6-8GHz
24-29GHz,64-71GHz

e ATTENUATORS

e ANTENNAS

e BANDPASS FILTERS

e BIAS TEE

e CABLE ASSEMBLIES/ CONNECTORS

e COUPLERS

e CONVERTERS

e DETECTORS

e DIPLEXERS

e FREQUENCY MULTIPLIERS/
DIVIDERS

e ISOLATORS/CIRCULATORS

e LMITERS

e MIXERS

e PHASE SHIFTERS

e POWER COMBINERS/DIVIDERS
EQUALIZERS

e RADIOS

e SOURCES

e SUB-SYSTEMS

e SWITCHES

e TERMINATIONS/LOADS

e TRANSITIONS/ADAPTERS

e WAVEGUIDE PRODUCTS

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

Tel: (408) 541-9226 Fax:(408) 541-9229
www.cernex.com www.cernexwave.com E mail: sales@cernex .com
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POWER SYsTEMS TECHNOLOGY [ | [ [1i™]

Subsidiary of Comtech Telecommunications Corporation
www.comtechpst.com

When Critical
Applications Require
The BEST
High Power
Control Components

Standard and Custom
Control Components to 40GHz

EW Systems « Communications Systems
Radar « Data Links  Test

LIMITERS

SWITCHES

DIGITAL
ATTENUATORS

MULTI-FUNCTION
ASSEMBLIES

Contact our sales & marketing department today
to discuss your exact project needs.
Comtech...meeting needs, exceeding expectations.

417 Boston Street
Topsfield, MA 01983
Tel: (978) 887-5754
Fax: (978) 887-7244

105 Baylis Road,
Melville, NY 11747
Tel: (631) 777-8900
Fax: (631) 777-8877

ProductFeature

TABLE 1
STE SERIES FREQUENCY EXTENDERS (PARTIAL
LIST
(o]Ti7-17 Output Multi- Input
Model licati
Number Frequency Power plication Frequency
(GHz) (dBm) Factor (GHz)

STE-SF419- 40 to 60 +4 4 10to 15
04-S1

STE-SF415- 50 to 75 +15 4 12.5t0 18.8
15-S1

STE-KF412- 60 to 90 +15 4 1510 22.5
15-S1

STE-SF610- | 75to 110 +15 6 12.5t0 18.3
15-S1

STE-KF808- | 90 to 140 0 8 11.25t0 17.5
00-S1

STE-KF1206- | 110 to 170 0 12 9.2to 14.2
00-S1

STE-SF1205- | 170 to 220 -3 12 14.2t0 18.3
00-S1

STE-KF1603- | 260 to 320 +14 16 16.25 to 20
14-S1

used for frequency doublers and triplers as they provide
nonlinear impedance characteristics that yield good
multiplication efficiency and low RF loss. The final multi-
plication stage in the STE-KF1803 extender uses a pair
of Schottky varactor multiplier diodes fabricated using
a film diode process developed by ACST GmbH (see
Figure 2). ACST GmbH's device capabilities include
square-law detectors up to 2.5 THz, resonant tunneling
diode oscillators up to 1.1 THz and frequency multipli-
ers up to 600 GHz.

The diodes are fabricated with a planar process on
thinned, semi-insulating GaAs substrates, with metal-in-
sulator-metal capacitors and conductors monolithically
integrated with the diodes to form an efficient multipli-
er circuit. The diode terminals and conductor traces are
formed on both sides of a 5 pm membrane substrate,
resulting in low parasitics and RF loss, with air bridge in-
terconnected mesas reducing the parasitic capacitance.
A diamond substrate transfers heat so the diodes can
operate at higher power levels with greater conversion
efficiency. The size of a typical three-element varactor
multiplier diode is 60 x 240 pm.

FREQUENCY EXTENDER FAMILY

The STE-KF1803 frequency extender from Eravant
complements the other members of the STE series (see
Table 1). The extender family provides frequency cov-
erage from 40 to 330 GHz with output power to +20
dBm, using multiplication factors from 2 to 18. Over 30
standard models are available, and custom configura-
tions are possible.

Y)VENDORVIEW

Eravant
Torrance, Calif.
www.eravant.com
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GROUP

PN
(\-/ AMPLITECH

=
ﬂm p|i'|'ech Industry Leading Low Noise Amplifiers
Ampiifying Global Communications
DC to 40 GHz Low Noise Coaxial Amplifiers
Ultra Low Noise Single Blas Cryogenic Amplifiers
Space Qualified Low Noise Amplifiers
SATCOM Waveguide Amplifiers
Wideband Amplifiers
Medium Power Amplifiers
Multioctave Amplifiers
Surface Mount Amplifiers
Desktop Amplifiers
Custom Amplifiers

All AmpliTech amplifiers are MADE IN USA with:

Specialty SATCOM Products

micrownve

Waveguide Assemblies

Waveguide to Coax Adapters

Crossguide Couplers o
High Power Dummy Loads

il

Integrated Systems
Block Downconverters
1:2 Tx Protection Switch Panels

Redundant LNA Controllers/Plates e ;
Subsystems ek '*

Specialized Electronic Assemblies

Reverse Voltage Protection - Internal Regulation - State-of-the-Art PHEMT Technology - MIL-883, MIL-45208 Assembly Standards

E SPECTRUM World-Wide Authorized Distributor
R of packages and lids for IC assembly

An AmpliTech Group Company

[
Ceramic Quad Flat Package - Cerquad = a L] . @
= ®

Cerdip Package a

Cerpac Package
Leadless LCC/Leaded LDCC Chip Carriers ok \ - #
Hybrid Package — Multi-Chip Module (MCM) l
Side-Brazed Dual In-Line Ceramic Package (DIP)

Small Outline Integrated Circuit Package (SOIC}) o 0
Ceramic Pin Grid Array (CPGA) Ceramic / Plastic B
Transistor Outlines — TO Headers / TO Power / TC Cans % @" 3
PQFN — PQFP — PSOIC / PSSOP

155 Nicholson Ln. San Jose, CA 95134 - (408) 435-5555 (408) 435-8226

(‘:\QG MDC MMIC Products

Diviston of AmpliTech Group

° Low Nosie Amplifiers
- Freq: 2-4 GHz, Gain: 27.5 dB, NF: 0.65 dB
- Freq: 4-8 GHz, Gain: 26.0 dB, NF: 0.95 dB
° Bandpass Filters

- Freq: 11.75 GHz, Passband Loss: 2.9 dB, REJ: 30 dB
- Freq: 19.45 GHz, Passband Loss: 2.6 dB, REJ: 30 dB

. Lowpass Filters !
- Freq: DC-4 GHz, Passband Loss: 2.3 dB, REJ: 20 dB
- Freq: DC-GHz, Passband Loss: 1.5 dB, REJ: 20 dB

° Thru Line n

- Freq: DC-40 GHz, Passband Loss: 0.2 dB
- Freq: 4-8 GHz, Gain: 26.0 dB, NF: 0.95 dB

5G Open-Radio Unit (O-RU) For O-RAN Deployments

Sub 6GHz Deployments

M Supports 3.4-4.0 GHz & 2.49-2.69 GHz
M 8 x4 x 2 =64 Active Phased Array Elements
M Digital Beamforming

. Compliant With O-RAN/Keysight O-DU
M Supports eCPRI and IEEE 1914.3 (NGFI).

° Includes IEEE 1588 and Synchronous Ethernet Applications —
° Provides 43dBm Total EIRP on Transmit Public or Private Networks
. Low Noise Figure on Receive High Speed &.Low Latency Networks
. I Internet of Things

Band Preselect Filtering
. R ive Protection Circuitr Small Cell Deployments

ecelve Pro 1 ircuitry Large Scale Urban 5G Deployments

° Gallium Nitride High Power Amplifiers Back Haul

The A1001-RU-1 is an Open-Radio Unit (O-RU) for Open Radio Access Networks (O-RAN).
It contains three main functions. The first is the Radio Frequency Processing Unit (RFPU)
which includes the antennas, high power amplifiers, low noise amplifiers, duplexer, and
other functions. It also contains highspeed data converters such as analog to digital
converters (ADCs) and digital to analog converters (DACs).

The second main function in the O-RU is the Digital Processing Unit (DPU). It supports the
eCPRI and IEEE 1914.3 capability. The processing is performed in a field programmable
gate array (FPGA). The third main function is the highspeed Ethernet communication. It

is the interface to the rest of the O-RAN system and the Open Distribution Unit (O-DU).

AmpliTech is the only LNA provider of 5G Networks
Embedded with Anti-Hackable Encryption LNA

M AmpliTech Group joint venture partner SN2N LLC
delivers successful test verification of FPGA solution
enabling transfer of technology into commercial-
grade programmable ASIC with integrated hardware
security

M Patent-Pending innovative technology based on
proprietary chipsets provides extremely secure data
transfer to cell towers of any mobile service provider,
hi-speed public WiFi clouds, automotive electronic
control units (ECU’s), servers, routers, PDAs,

cellphones

M Same level of protection only available by
intelligence agencies

M This joint venture solution with SN2N allows network

providers to achieve substantially improved data
carriage capacity, speed, and security, while
significantly reducing related CaPex requirements

The rise of an increasingly multipolar world with highly capable cyber adversaries
has brought about a shift in the focus of many telecom providers cybersecurity
experts. Protecting satellite communication from cyber threats has become top
priority. An interconnected network of service-specific networks will rely on many
traditional information technologies and developing next-generation cryptologic
systems is a necessity. If these networks and their components are compromised, it
would pose a grave threat to telecom providers’ ability to conduct safe networking.
Attacks can be launched remotely, without requiring hardware modifications;
bypassing several state-of-the-art defenses. “Understanding nation-states’
intentions” and developing next-generation cryptologic systems is a necessity in
order to be able to protect all transmission amid the widely predicted advent of
guantum computing, particularly via post-quantum cryptography.

a0 IMS BOOTH 3036
- c—— f .l \.l.

A Nasdag Company traded S o
under symbol “AMPG”

80 IMS BOOTH 3036

[TS OW 155 Plant Avenue, Hauppauge, NY 11788 e
2018 Phone: 631-521-7831eFax: 631-521-7871 A R
CERTIFIED u!;n!;m

Email: info@amplitechinc.com  www.Amplitechinc.com



ProductFeature

Measurement Receiver
Simplifies Signal Generator and
Attenuator Calibration

Rohde & Schwarz

Munich, Germany

he R&S FSMR3000 micro-

wave measurement receiv-

er calibrates signal gen-

erators and attenuators
with a single instrument designed
to reduce calibration complexity.
It provides features including level
and tuned RF level (TRFL) mea-
surements, analog modulation and
spectrum analysis. Hardware can be
added for high performance phase
noise testing, meaning better than
the standard phase noise measure-
ments achieved using a spectrum
analyzer. With 80 MHz analysis band-
width, the R&S FSMR3000 handles
both digital and analog modulation
analysis, as well as pulsed and VOR/
ILS signals.

TRFL CALIBRATION AND
POWER MEASUREMENT

The main application for the
FSMR3000 receiver is measuring
the power of a signal generator
precisely and simply. The absolute
power and reference power are
measured with high accuracy using
a power sensor connected to the
R&S FSMR3000. The sensor’s in-
put is either connected directly to
the output of the generator being
tested or by placing a power split-
ter in parallel with the input of the
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®  Measuring Receiver

2.450 000 008 GHz
B Hz
2.450 000 000 GHz
-4.409 dBm

Tuned Frequency
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Ref Value - - - - dBm

Demodulation Settings
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A Fig. 3 Analysis of an AM signal (a). The user can select which parameters to show in the results (b).

R&S FSMR3000. The measuring re-
ceiver corrects the power splitter's
frequency response and insertion
loss. Power sensors are available
with an integrated power splitter,
like the R&S NRP-Z27/-Z37 power
sensor modules, which also have
automatic VSWR correction, in-
creasing calibration accuracy.

&

'\@*

3 s&
Q(}Q\\(}
SN

T, =

The power sensor cannot mea-
sure conventional RF generators
over their full range, e.g., from -150
to +20 dBm:; this requires a TRFL
measurement. To optimize the sig-
nal-to-noise ratio for the power level
measurement, the input attenua-
tion, preamplifier and IF gain of the
R&S FSMR3000 must be switched

d Amemun Mude, nghesi Quality
Astronomy and Quantum
Compuhng Componenis

between ranges, using adjacent
range calibration to eliminate po-
tential level errors from parameter
changes (see Figure 1). With this
approach, the FSMR3000 achieves
a high linearity of +(0.009 dB +
0.005 per 10 dB range) across the
entire power range.

Calibrating for this wide dynamic
range requires only a few steps, be-
ginning with a reference measure-
ment with the power meter. The
level of the device to be calibrat-
ed is then reduced by the desired
steps and verified. If the test signal
is outside the usable measurement
range, the input attenuation, IF gain
or preamplifier setting of the R&S

Feuturmg a FuII lme of InP
Cryogenic Low Noise Amplifiers

CITCRYO112, CITCRYO412, CITCRYO118,

CITCRY04 16

* Frequency Range 1-18 GHz
{Depending upon Model)

CITCRY0412B Optimized
for Quantum Applications

{Depending upon Model) Typical Noise Performance 5K

Input/Output Return Lass (As low as 2.5K)
<1048 . Typical Gain 33-37 dB

Single Supply Operation Input/Output Return Loss
Optional Input Bias Tees <1048
Optional Input Diode Protection

Operating Temperature as low as 4K

Feulurmg a FuII Line of SiGe
Cryogenic Low Noise Amplifiers

lF Amplifiers (LF1, LF2, LF3, LF4)

e Frequency Range .001-4 GHz
{Depending upon Model)

Typical Noise Performance 4K
(s low as 2K)

Typical Gain 30-40 dB

FSMR3000 are adjusted. The RE-
CAL key initiates the adjacent range
calibration, automatically switching
the R&S FSMR3000 measurement
range. Figure 2 shows the linearity
that can be achieved when measur-
ing devices, including the uncertain-
ty and overall limits.

AM/FM/PM ANALYSIS

The R&S FSMR3000 features a
complete, integrated modulation
analyzer for AM, FM and PM analog
modulation. It measures the audio
parameters on the demodulated
signal or directly on the audio sig-
nal, meaning no extra instrument is
required for calibrating the modula-
tion settings and modulation gen-
erator.

Various audio filters, deemphasis
functions and detectors are avail-
able for audio analysis. Total har-
monic distortion (THD) and signal-

Optional Input Diode Protection
Operating Temperature as low as 4K

3 Octive Band IF Receivers
L * Frequency Runge 1-12 GHz
Octave Band {3-6 GHz, 4-8 GHz)
Typical Gain 70-90 dB (0 dB Atin)
Programable Gain (0-31.5 dB, 0.5dB Steps)
Smgle Supply (+6V @ 250 mA)

P1dB > +19 dBm
Internal Filtering
Output Power Defector
Output Test Port

(osmu Mlcrowuve Technolog \ e
15.703 Condon Avenue, Unit (4, Lawndale, CA 90260, USA
+1- 424 456 7722 cosmltmltrowaveieclmology com
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INTRODUCING WAVEPRO®

A new made-to-order, low-loss RF
dielectric for antennas.

Better antenna design begins with materials science and manufacturing innovation.

From there, the possibilities are endless. Reduce antenna size with a high Dk
dielectric (12+). Or increase bandwidth with a thicker material. WavePro® offers flat
panels up to 375 mil thick or custom 2D surfaces and 3D shapes.

Take your antenna design to the next level. Get started at waveproantenna.com.

Going to Denver for the International
Microwave Symposium in June?

G arlock@ Visit us at hooth 3000 to learn more

and for free product samples.
1-315-597-4811 | 1-800-448-6688

www.garlock.com | www.waveproantenna.com
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A Fig. 4 An option enables measurement of the amplitude

and phase noise of a signal.

to-noise and distortion (SINAD)
are automatically calculated and
displayed, and all key results are
displayed simultaneously. Users can
also choose only certain parameters
to display and arrange the windows
(see Figure 3).

SIGNAL AND SPECTRUM
ANALYSIS

For calibrating signal generators,
a spectrum analyzer is often needed,
such as for measuring harmonics.

211 SENSE

The R&S FSMR3-B1
option makes the
measuring receiver
a full-featured sig-
nal and spectrum
analyzer, with func-
tionality and perfor-
mance equivalent
to the R&S FSW sig-
nal and spectrum
analyzer.  Offering
excellent  perfor-
mance—phase
noise, wide dynam-
ic range because of
low intrinsic noise
(DANL) and input
third-order intercept (TOI) to +30
dBm—the instrument also has sev-
eral standard functions required for
calibration and performance verifica-
tion of signal generators. For exam-
ple, the R&S FSMR3-B1 can measure
a generator’s higher-order harmon-
ics at the press of a key. It also has
a routine for measuring TOI or adja-
cent channel power and an array of
marker functions.

In addition to spectral measure-
ments, the R&S FSMR3000 serves

4'6‘11,

126-182 GHz D-Band FMCW Radar

Visit us at IMS2022 Systems Pavillon #10096

EZriLABS

Thinking Radar

138

2pi-Lalbs GmbH
Universitatsstrasse 150
44801 Bochum
Germany

W 2pi-lalbs.com

as a signal analyzer with an analy-
sis bandwidth up to 80 MHz. It can
analyze pulses, digital modulated
signals and VOR/ILS signals.

HIGH PERFORMANCE PHASE
NOISE ANALYZER

Phase noise is a key parameter
for signal generators: the lower
the phase noise, the better the
signal and modulation quality.
While phase noise can be mea-
sured with a spectrum analyzer,
accurately measuring this param-
eter requires an analyzer with even
lower intrinsic phase noise. The
wide dynamic range of the R&S
FSMR3000 makes it well-suited
for phase noise measurements. At
10 kHz offset from the carrier, the
analyzer’s phase noise is -133 dBc/
Hz with a 10 GHz carrier.

However, if the phase noise per-
formance of the built-in spectrum
analyzer is not sensitive enough
to calibrate some high-end signal
sources, the R&S FSMR3-B60 op-
tion turns the R&S FSMR3000 into a
phase noise analyzer that demodu-
lates the signal in real time, mea-
suring phase noise and amplitude
noise in parallel. A second receive
path  enables cross-correlation,
which increases the sensitivity by up
to 30 dB depending on the num-
ber of correlations. The cross-cor-
relation gain appears as a gray area
below the phase noise trace, show-
ing the expected sensitivity due
to cross-correlation (see Figure 4),
enabling users to accurately assess
the measurement. If the gray area
is well below the trace, the device
being tested can be accurately ana-
lyzed, with errors due to insufficient
sensitivity excluded.

The new R&S FSMR3000 is a full-
featured tool for calibrating signal
generators and characterizing their
modulation quality. In addition to
this functionality, it has options to in-
corporate a high performance signal
and spectrum analyzer and high per-
formance phase noise tester, becom-
ing the only one-box solution that
will cover all the functions needed in
a modern high-end calibration lab.

YVENDORVIEW

Rohde & Schwarz
Munich, Germany
www.rohde-schwarz.com

MW]JOURNAL.COM m MAY 2022



Ultra Wide Frequency Range: 6~50GHz

ow VSWR/ Low Insertion Loss / High Isolation

Phase Unbalance

- Excellent_Amplitude &

Isolation

Amplitude Unbal. | Phase Unbal.
Min.(dB)

Ports VSWR Insertion Loss"
Max.(dB) Max.(Deg.)

Nominal Phase Unbal.
Max.(dB)

Freg. Range
(GHz) (Deg.)

Max.(:1)

QN060500

*Above Theoretical 3dB
——— Test Curve (QN060500) ——

]
_%‘ ujian Mlcable Electronic Technology Group Co.,Ltd

Tel: +86-591-87382
856 Email: sale :
: s@micable.cn Websi
: ebsite: www.micabl
: e.cn

More Information-
Scan the QR Code |O




ProductFeature

140

Measuring Phase

Noise To 1 THz
Using Cross-
Correlated Down-

Conversion

AnaPico AG

Zurich, Switzerland

Virginia Diodes, Inc.

Charlottesville, Va.

ncreasing operating frequencies for

radar and communications are push-

ing the test and measurement industry

to provide solutions for characterizing
phase noise in these upper bands. The de-
velopment of test systems at mmWave and
higher frequencies is important for research
and will become essential for production
testing. This article shows a cost-effective
and highly flexible solution for measuring
phase noise, demonstrating a practical ap-
proach that can be used into the sub-THz
range.

MEASUREMENT PRINCIPLE

Current phase noise measurement sys-
tems work from the low MHz to GHz fre-
quencies. Using frequency translation, the

DUT

50 GHz - 1 THz

IN Splitter,

50 GHz - 1 THz

LO1 om@
LO2 om@
—D~ RF1 IN

RF2 IN

LO
N Down-Converter ouT
10 - 18 GHz

LO
IN Down-Converter oUT$—

OuT 1
OuT 2

APPH

A Fig. 1 Phase noise measurement based on cross-correlated
down-conversion.

range can be extended. This can be done
in several ways, yet the approach must pre-
serve the noise characteristics of the origi-
nal signal. Frequency dividers suffer from a
higher noise floor and do not preserve the
noise characteristics. They are typically not
available for higher frequencies. Frequency
converters require a low noise local oscilla-
tor (LO) signal; however, the noise of the LO
will limit the phase noise sensitivity of the
system.

A better approach is to split the signal
from the device under test and down-con-
vert it in two separate channels using inde-
pendent LOs (see Figure 1). Even though
both LOs are at the same nominal frequen-
cy, the two down-converted signals can be
measured individually and cross-correlated
to suppress the uncorrelated noise, i.e., the
contributions from the down-converters and
LOs. The uncorrelated noise is suppressed
by a factor of 5-logyg(n) in dB, where n is the
number of cross-correlations. This approach
enables the phase noise to be measured
with the better noise floor of a lower signal
frequency and without unwanted additive
phase noise from the down-conversion pro-
cess.
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A Fig. 2 Phase noise measurement setup using the AnaPico
APPH with VDI down-converters.

IMPLEMENTATION

Using this approach, a test setup
for phase noise measurements in
W-Band (75 to 110 GHz) is shown
in Figure 2. It uses AnaPico’s
APPH40G signal source analyzer
with option LO and down-convert-
ers from Virginia Diodes (VDI). Using
the AnaPico signal source analyzer,
the low phase noise LOs can be sup-
plied by the measurement instru-
ment, which supports feeding two
separate versions of the same signal
into the two internal measurement
channels. Range-selectable VDI har-
monic mixers are used for the down-
converters. They match the LO
and IF measurement ranges of the

S50 Fhane bowe (i
E & 8 Bk bk b

APPH40G and can e

i P e, At P s $ogh E) 11 e

Marusl 47000 MMz om

be used hase
their full W-Band APPH graphical view.
input range.

Combining  AnaPico's  APPH

phase noise analyzer with the fam-
ily of down-converters from VDI
supports configurations that enable
phase noise testing to above 1 THz.
Frequency coverage depends on
the connection interface and spans
waveguide from WR15 (50 to 75
GHz) to WR1.0 (750 GHz to 1.1 TH2).

This mmWave test mode has
been fully integrated into AnaPico’s
analyzer and graphical interface.
By maximizing the APPH-internal
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across A Fig. 3 Phase noise measurement at 87 GHz, showing the

phase detector frequencies used for
signal generation, the instrument
optimizes the LO and IF frequencies
to minimize the noise floor. The user
only needs to enter the approxi-
mate input frequency; everything
else is configured automatically. The
system is versatile, able to handle
input power down to -15 dBm.

Figure 3 shows a measurement
at 87 GHz. The noise floor and
phase noise contributions from the
LO are more than 10 dB below the
measurement curve and don't dis-
tort the results.

SUMMARY

This article has outlined a meth-
od to measure the phase noise of
sub-THz signals using two separate
down-converters and cross-correlat-
ing the results to suppress the noise
contributions of the LOs and down-
converters. This approach results in
a low noise floor with very low noise
contribution from the measurement
setup. To demonstrate the princi-
ple, an 87 GHz measurement using
AnaPico APPH phase noise analyzer
and VDI down-converters at 87 GHz
is shown. By selecting the appro-
priate VDI down-converters, the
measurement frequency range can
be extended to 1.1 THz. This setup
offers a low-cost and versatile so-
lution that can be configured from
mmWave to sub-THz frequencies.

AnaPico AG
Zurich, Switzerland
wWww.anapico.com

Virginia Diodes Inc.
Charlottesville, Va.
www.vadiodes.com
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126-182 GHz UWB Radar Enables
Spectral Characterization

for Scientific and Industrial
Applications

27w-LABS GmbH

Bochum, Germany

he upper mmWave frequencies
bands above approximately 100
GHz are the focus of regulatory
bodies like the FCC in the U.S. and
CEPT in Europe, which are laying the regu-
latory foundation to enable new innovative
applications like 6G communications and
industrial radio determination. To address
these new applications, 2mw-LABS has de-

A Fig. 1 The 2nSENSE radar is available with a dielectric lens
antenna (left) or WR6.5 waveguide flange (right).

144

veloped 2wSENSE, a 126 to 182 GHz ultra-
wideband (UWB) frequency-modulated con-
tinuous wave (FMCW) radar platform.

27wSENSE was designed to be a versatile
tool to support the complete product life
cycle, beginning with scientific research to
industrial applications, from material char-
acterization and non-destructive testing to
radar imaging. The sensor is available in two
versions—one for lab use, with an easy to
set up USB interface and a robust, water-
proof sensor for industrial use, with an Eth-
ernet interface. The industrial version is well-
suited for fielding applications where short
time-to-market is important.

The 2wSENSE radar sensors bridge the
gap between lab-grade vector network ana-
lyzers (VNAs) and industrial distance mea-
surement devices based on radar. For the
first time, a sensor enables using measure-
ment grade mmWave spectral character-
ization in rugged industrial environments.
The sensor can be configured with either a

MWJOURNAL.COM B MAY 2022
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Custom SiGe MMIC
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A Fig. 3 Block diagram of the radar sensor configured with a
single Tx and Rx.

WR&.5 flange or a dielectric lens antenna (see Figure
1). With a versatile application programming interface
(API) and raw data access enable extracting the wide-
band frequency response of targets, achieving VNA-
like S-parameter measurements from a small, portable
and ruggedized sensor.

27SENSE TECHNOLOGY

2m-LABS has developed a custom D-Band radar
MMIC, which serves as the foundation for its innovative
radar products. Designed on Infineon’s B11THFC SiGe
process (see Figure 2a), the MMIC covers 126 to 182
GHz—56 GHz bandwidth—and has three channels: one
transmit (Tx) and two receive (Rx). The MMIC is then em-
bedded in a mmWave sensor module using a substrate
integrated waveguide (SIW) PCB split-block technology
(see Figure 2b). The sensor can be configured with an

A Fig. 2 Three channel SiGe MMIC (a) and integrated front-
end using an SIW PCB split-block construction (b).
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A Fig. 4 Measured jitter over 10 minutes (a) and associated
histogram (b) with a waveguide short connected to the sensor.

embedded ortho-mode transducer
for dual-polarization receive or, alter-
natively, a single center transceiver
and two additional receive channels
for angle estimation applications. A
functional block diagram of the sen-
sor in a single Tx/Rx configuration is
shown in Figure 3.

The sensor's clock network
achieves exceptional frequency
stability for very low jitter mea-
surements (see Figure 4) and fast
FMCW operation, sweeping the

N

Q
000

TMEV VIETNAM

56 GHz bandwidth in 1 ms. It uses
a stable +100 ppb long-term stabil-
ity frequency reference and can be
locked to Sync-E frequency sources
(e.g., global navigation satellite
clock sources) for calibration. The
sensors include a versatile external
trigger with a programmable trigger
subsystem, designed to meet the
needs of complex applications. The
56 GHz spectral modulation band-
width makes it possible to measure
the transmission and reflection or
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A Fig. 5 Measured IF of a 1 m distant target showing the
sensor’s bandwidth and 80 dB dynamic range

absorption behavior of a significant-
ly larger portion of the spectrum
compared to currently available in-
dustrial radar sensors (see Figure 5).

27-LABS provides an APl in Py-
thon, which provides access to all
the important radar parameters via
an SCPlI command set, the same
protocol used by many VNAs. The
documentation includes example
scripts for the most common tasks,
which are expanding from a grow-
ing community of users.

Design Filters

Optimize Performance

HUNTING | HIGH QUALITY

TMEW

5G

https:/www.tmeleus.com
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APPLICATIONS

For distance measurements,
2mwSENSE radars achieve a target
range resolution of just a few mil-
limeters and range accuracies in
the single-digit micron range, with
short-term jitter an order-of-mag-
nitude lower. The power of these
capabilities becomes evident in
wideband “radarlytic” applications
like spectral mmWave characteriza-
tion. Many innovative and sophisti-
cated applications become possible
because of the bandwidth, stability
and VNA-like frequency response
characterization packaged in a small
form factor.

The first applications demon-
strated have been contactless thick-
ness measurements of dielectric
materials for plastic extrusion and
multi-layer composites with built-in
material characterization features.
Other interesting applications are
monitoring dielectric material pa-
rameters: contactless detection of
material type, permittivity, thick-
ness, moisture content and coating
in glass, polymer—even food pro-
duction. With the capability to pre-
cisely measure complex permittivity,
dielectric liquids, foams or polymers
can be monitored in line for effec-
tive permittivity and losses. Using
the data with production optimiza-
tion algorithms can enhance pro-
duction quality assurance in many
complex applications.

2wSENSE devices cover the com-
plete product development cycle,
from early-stage lab experiments
for proof-of-concept verification
using the USB-powered scientific
version to industrial deployment us-
ing the configuration with OPC-UA
interfaces and power-over-Ethernet
capability. As the regulatory bodies
lay the foundation to enable new
innovative applications, 2mw-LABS is
advocating regulations that allow
harmonized and compliant use of
the sensors.

27w-LABS GmbH
Bochum, Germany
www.2pi-labs.com
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ESTeBOND's  7KF

Bonder is a versatile

tool for the challeng-

ing bonding needs
of RF/microwave, semiconductor,
hybrid assembly and medical de-
vices. The bonders in the series
are convertible between ball and
wedge bonding, presenting the
bond wire at 45 degrees for optimal
loop and tail control or 90 degrees
for deep access and ribbon bond-
ing. Conversion between the two
setups take minutes using a single
tool head.

The 7KF was designed with
a gantry style chassis for virtu-
ally unlimited part size capacity.
The unique 8:1 ratio, purely or-
thogonal x-y-z micromanipulator

Programmable Ball and
Wedge Bonder Designed
for Versatility

enables the bonds to be placed
precisely and easily. The machine
will store up to 30 device con-
figuration profiles, or buffers, per
mode of operation. Each buffer
can store up to 21 bonds with in-
dividual ultrasonic power, time,
force and loop elevation settings
per bond. The 7KF machines have
programmable force from 15 to
135 g, primary and secondary ball
sizes, pure vertical Z-motion and
programmable radiant tool heat.

A 7-in. capacitive touch sensing
LCD interface lets the user input
and see the programming of each
setting, operation of the machine,
action prompts and fault diagnostic
information.

High and low frequency ver-

Full Spectrum
Partnership.

Traveling Wave Tube Amplifiers (TWTAs) | Microwave Power Modules (MPMs) | Solid State Power Amplifiers (SSPAs)

Go farther.

sions of the bonder are available:
the 7KFH and 7KF, respectively.
The 7KF series uses an open frame
design, the 7KFX models remove
the base and work platform of the
machine and enable mounting the
machine to a tabletop or conveyor
system. Risers are available to sup-
port working with tall parts.

With a heritage of more than
55 years of quality and service,
WESTeBOND is dedicated to the
microelectronics industry, offering a
range of assembly and test equip-
ment that provide value across a full
spectrum of needs.

WESTeBOND Inc.
Anaheim, Calif.
www.westbond.com
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o support research explor-
ing the frequency options
and possible applications
for 6G, Focus Microwaves
has developed a family of wave-
guide tuners for the bands span-
ning 110 to 330 GHz. The sub-THz
tuner family comprises three mod-
els: W-1701100 (WRé), W-2201700
(WR5) and W-3302200 (WR3).
These tuners were built on the
foundation of Focus Microwave's
DELTA tuners, which have become
an industry standard for on wafer
measurements, combined with the
micrometric accuracy and repeat-
ability of the small footprint Omega
tuners, which have been proven for
coaxial applications to 110 GHz.

M WAVE DESIGN CORPORATION

Sub-THz Programmable
Tuners Cover WR6, WR5
and WR3 Bands

The waveguide sections with round
flanges are embedded in the accu-
rate horizontal and vertical control
mechanism of the Omega platform,
enabling horizontal and vertical
probe movement with micromet-
ric accuracy and repeatability. The
transmission media are precisely
slotted, gold plated waveguide
sections with the partly conductive
probe moving in, out and along the
waveguide slot to generate con-
trollable |I'| and phase. The wave-
guide slot and microscopic tuning
probe geometry were optimized
with HFSS simulation for maximum
reflection and minimum signal leak-
age over the entire band.

Total positioning uncertainty is

less than =1 pm. The maximum tun-
ing resolution of each tuner is 0.19
degree per step at 110 GHz, 0.24
degree per step at 140 GHz and
0.2 degree per step at 220 GHz for
the WR6, WR5 and WR3 tuners, re-
spectively. This resolution provides
more than 1.5 million tuning points
for each tuner. The VSWR ranges for
the tuners are from 1.2:1 (minimum)
to 20:1 (maximum) for the WRS,
1.3:1 to 10:1 for the WR5 and 2:1
to 10:1 for the WR3. The tuners are
compatible with Focus’ FDCS soft-
ware suite for calibration, load-pull
and noise measurements.

Focus Microwaves
Saint-Laurent, QC, Canada
www.focus-microwaves.com

SUPPLYING HIGH-PERFORMANCE PASSIVE
RF & MICROWAVE COMPONENTS SINCE 1988

designs and manufactures in the U.S.
and provides a broad range of custom passive
microwave hardware from 100MHz to 50GHz.

—

CORPORATION

M WAVE DESIGN
is ISO9001 certified, ITAR compliant
and provides superior customer
service. We are proud to celebrate
our past 30 years and to support
you in the next 30.

M WAVE DESIGN CORPORATION
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HIGH-POWER WAVEGUIDE ISOLATORS

S band through R band waveguide isolators
Covering S-Band (2 GHz) through U-Band
(50 GH2); our Isolator product line provides
state of the art power handling and insertion
loss. With available options of; high power
terminations, multiple interface flanges,
miniature versions, and integrated Forward
and Reverse power monitoring.

(805) 499-8825 |

WWW.MWAVEDESIGN.COM

COAXIAL CIRCULATORS

Our full line of Coaxial circulators from 100
MHz to 40 GHz feature high power ratings
(> 100 Kw), and low insertion loss (< 0.10
dB) depending upon the application. With
many connector interfaces & package
options, we can provide a solution to your
needs.

INFO@MWAVEDESIGN.COM
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Eastern Wireless TeleComm understands just how much
is on the line with each and every product we make.

We continually provide the highest quality filter products,
design support, and service to our customers each and
every time. Where Performance Counts, Count on EWT.

Specializing in custom design and manufacturing of
RF and Microwave filters and filter based products to 50 GHz.

www.ewtfilters.com

Eastern Wireless TeleComm, Inc.
Tel: 410.749.3800 Fax: 410.749.4852
sales@ewffilters.com



TechBrief

ith  semiconductor
designs pushing
submicron features,
complex multi-layer
structures and new materials, micro-
wave device and circuit designers
face growing thermal challenges.
Application requirements for in-
creased power, higher frequency
and faster switching are leading to
higher power densities with rap-
idly changing thermal events and

Thermal Imaging System
With Macro- to Nano-
Scale Resolution

thermal anomalies that may lead to
early failures. Recognizing that tra-
ditional techniques cannot fully as-
sess the thermal behavior of these
devices, Microsanj has focused on
thermal analysis systems that will
meet the challenges posed by to-
day’s most advanced designs.

The SanjSCOPE™ EZ-THERM
series is a compact bench-mount-
able thermal imaging system that
provides the sensitivity, spatial and
temporal resolution for designers
to fully understand device thermal
behavior. With spectral coverage
from 365 nm to 1700 nm, GaN
HEMTs can be analyzed with a spa-

tial resolution less than 300 nm,
and flip-chip mounted microwave
devices can be analyzed with th-
ru-the-substrate imaging above
1000 nm. The capability to do in-
frared macro analysis with better
than 10 mK thermal sensitivity and
quickly move to nano-scale analy-
sis with thermoreflectance enables
designers to capture the smallest
hot spots and analyze its charac-
teristics on a nano-scale level.

Microsanj LLC
Santa Clara, Calif.
www.microsanj.com

WEST-BOND’s New 7KF Convertable Wedge & Ball Bonder

Our Exclusive X-Y-Z Controlled manual ultrasonic wire bonding machine:
The 7KF Wedge-Wedge and Ball Wedge wire bonding system:

e Convertablilty: 45°, 90° Wire
& Ribbon and Ball in a single
tool head

Throatless Chassis
Orthogonal X, Y and Z Axes
Adjustable Work Platform
Primary and Secondary

www.westbond.com

1551 S. Harris Court Anaheim, CA 92806
Ph. (714) 978-1551
E-Mail: sales@westbond.com

WEST BOND, °
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dSPACE

Radar Testing Over-the-Air?
We just call it DARTS.

Over-the-air simulation of radar echoes has never been as easy, quick, and thorough as with
the new dSPACE Automotive Radar Test Systems (DARTS). They reliably meet even the strict-
est requirements of safety-critical applications. DARTS get the job done in chip testing, R&D,
end-of-line testing, type approval, you name it. dspace.com



TechBrief

n end-of-line (EOL) test
for automotive radar sen-
sors is required to verify
the functionality and au-
tomatically calibrate the finished
assemblies. This is typically done in
a compact, low reflection anechoic
chamber using radar target simula-
tion. The sensor’s operating param-
eters and calibration are measured
through a defined test sequence,
where the radar sensor is rotated
around its radiation center in the
horizontal and vertical directions
using precision drives. An over-the-
air approach enables validating the
entire radar transmission channel,
both antennas and electronics.
dSPACE, working with NOFFZ
Technologies, has developed a

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

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

Our 200th

Sponsored By

VICOR
o

Measuring Immission
of a 5G Base Station §
with Beamforming &

THz - o
To Be or Not to Be
in 6G?

A Sub-THz Test Bed
to Evaluate Potential
6G Waveforms
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End-of-Line Test System
for Radar Sensors

3GPP-compliant compact antenna
test range (CATR) method for test-
ing automotive radar sensors, and
the approach requires only a small
footprint. The CATR creates a large
far-field distance from a compact
range, and the large quiet zone
enables interference-free testing.
The CATR-based system is pre-
cise, accurate and flexible, with
high throughput—well suited for
automated, EOL testing. A quick-
change adapter and parallel mount-
ing hardware support fast set-up
times when changing the sensor
to be tested. The test system can
simulate up to four simultaneous
targets from the same direction of
arrival, with the distance, speed and
size of each target changed indi-

i ]

Episode!

: ;l.'” P
© IMS 2022 DENVER

vidually and continuously. With 5
GHz of instantaneous bandwidth,
the system can calibrate the latest
3D and 4D sensors.

The  collaboration  between
dSPACE and NOFFZ Technologies
taps NOFFZ's expertise in com-
pact, reliable test systems for radar
sensors and anechoic chambers
with high reflection suppression.
dSPACE provides the assembly of
the CATR mirror and the radar tar-
get simulators for the 23 to 26 GHz
and 75 to 82 GHz radar bands, with
a processing bandwidth to 5 GHz.

\JVENDORVIEW

dSPACE GmbH
Paderborn, Germany
www.dspace.com

Frequency Matters.

Anatomy of the

i ¥
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‘Microwave / RF
Ceramic Capamtor

DLC70 Series IMS
High Q,NPO, Booth No. 6104
RF/Microwave MLCC

Product Features

High Q

Zero TCC

Low ESR/ESL

Low Noise

Ultra-Stable Performance
Extended WVDC available

CLLLLKL

SIZE:0402,0603,0505,0805,
0710,1111,2225,3838 for
RF/Microwave;
6040,7575,130130 for High
RF Power

Stock available ><L:=*

Ijli%;lllll 5

.
B L™

Typical Circuit Application:
UHF/Microwave RF Power
*r},f Amplifiers, Mixers, Oscillators,
"":-{_ Low Noise Amplifiers, Filter
Networks, Timing Circuits and
¢ Delay Lines.
/]

TS

Dalicap Tech. is a professional enterprise
specializing in R&D, manufacturing and sales of
= v : N -layer ceramic; capacitors (MLCC). Dalicap is also a
= ; 1 —HHE ’y{suppller of Hi-Q, ultra-low ESR RF/Microwave MLCC,
DLC70A(0506) @ Valud 'r fv applied ially on the fields of MRI, semiconductor device,

S and Capacitance Cu s> ind il equipment, testing and analyzing instruments, . -

f5G PA etc.
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ewww.dalicap.com mdalicap@dalicap.com.cn \D +86-411-87613673ext.8608



IMS2022 Welcome and Overview

Ron Ginley
IMS2022 General Chair

elcome to IMS in
Denver, Colo., the
Mile High City! My
Steering Commit-
tee and | are very
excited about the location and the
program that we have put together.
| take great pleasure in inviting you
to join us in Denver for IMS2022.
Colorado might just be one of the
most photogenic spots around the
world, and Denver is where urban
sophistication meets outdoor ad-
venture. The IMS2022 team has
put together a great program with
many new and exciting elements.
There will also be many opportuni-
ties to network away from the tech-
nical sessions. IMS2022 will be 19-
24 June 2022, and will be centered
around the Colorado Convention
Center in downtown Denver.

COLORFUL COLORADO

The name Colorado is of Span-
ish origin, meaning “colored red.”
It came into use because of the red
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sandstone soil of the region. Colo-
rado is also called “Colorful Colo-
rado” because of the magnificent
scenery of mountains, rivers and
plains. There is so much to see and
do when visiting Colorado. A short
drive takes you from Denver to the
Rocky Mountains. There the out-
doors awaits, from hiking in Rocky
Mountain National Park to riding a
narrow-gage railroad train through
a canyon inaccessible to cars. Just
outside Denver there are miles and
miles of hiking and biking trails.

DENVER

Denver is known as the Mile
High City, a nickname it was given
because a spot on the state capitol
steps has been measured to be at
an elevation of 5,280 ft. (1,609 m)—
exactly one mile above sea level.
Denver is Colorado’s largest city. It
is the commercial, financial and cul-
tural center of the Rocky Mountain
region; the city’s dry, sunny climate
is favored by tourists, the downtown
is alive with restaurants, bars, shows,
museums and much more. All the
hotels are within walking distance
of the Colorado Convention Center.
Within the downtown Denver area,
you can take a walk or ride a bike
on the Cherry Creek bike path, visit
the Denver Branch of the U.S. Mint,
the expansive exhibits in the Denver
Art Museum, take a ride at the Elitch
Gardens Amusement Park or take

in a baseball game at Coors Field,
home of the Colorado Rockies.
There is so much to do! While you
are on your way to an event, stop in
at any of the great restaurants that
are within walking distance of the
hotels and the convention center.

IMS2022 AND WHAT’S NEW

| am really excited to have
IMS2022 in Denver. We have tak-
en the established IMS program
and added many new elements.
The RFIC and IMS workshops start
things off on Sunday. The two days
of the RFIC technical program start
on Monday. ARFTG has joint events
with IMS throughout the week and
then the ARFTG Symposium on Fri-
day. The technical program for IMS
starts on Monday; one of the big
events on Monday is the Plenary
Session, there will be talks from
some well-known companies on
microwaves in space and quantum
systems for more than just comput-
ers. Following the Plenary Session
will be the Welcome Reception,
which will celebrate all things Den-
ver/Colorado. The Three Minute
Thesis program, student, industrial
and advanced paper competitions,
technical talks, the largest micro-
wave exhibition and lots more will
happen throughout the week!

New for IMS2022, we have add-
ed the Systems Forum. This Forum
combines elements from ARFTG,
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- Custom RFTesting from JFW...

o Transceiver Test Systems
(For Ad Hoc & Mesh Network Testing)

> ¢ Handover Test Systems
\ (Fo Celar & Wi esting

- olariable Atienuator Banks

(For Flexible Network Emulation)

JFW Industries, Inc.

5134 Commerce Square Drive

Indianapolis, Indiana 46237
USA

jfwindustries.com A8 K a
1(317) 887-1340
1-877-8874539
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~ MICRO LAMBDA smtths

Authorized Franchised Distributor for EMC Technology, Florida RF Labs and Lorch brands.

INNOVATIVE e «
SOLUTIONS | il

Passive Microwave Components

Diamond RF Resistives™ R
Fixed Attenuators - High Power S

Hi-Rel Components SMA Connectors,

Resistors and Terminations Pins & Accessory Beads

Coupler and Signal Distribution ™

Thermopad™ ’ 228 ¥

Test Cable Assemblies

fi
& &

s @@ 2t

Tunable Filters = b

—

Micro Lambda, LLC — certified TO PLACE AN ORDER
9 Trenton Lakewood Rd.

Clarksburg, NJ 08510 " 8009526232

Micro Lambda distributes across the USA, supporting DTy
customers in the telecommunications, military, aerospace, kristin@microlambda.com
medical equipment, and test & measurement markets. -

B

Traveling Wave Tube Apifrs
COMPACT COMMERCIAL SERIES

—— FEATURES: Quarterwave provides top-notch
Low Noise, High PRF innovation, quality service and specializes

Available for Rugged applications one-on-one approach by our team of exper
Increased durability engineers. With over 30 years experience

Improved conToRsystem in the industry, Quarterwave's Traveling
p. Y ; Wave Tube Amplifiers (TWTAs), High
Optional touch-screen interface

i 1 Voltage Power Systems, and Microwav
ngh-powerqd for pulsed CW operations Tube testing equipment has proven to b
Fully customizeable =

unbeatably reliable and versatile.

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

162

RFIC and IMS. The Systems Forum
has events on Tuesday, Wednesday
and Thursday during week of IMS.
Each of those days has a theme that
loosely ties together certain material
for the day. Tuesday is the Connect-
ed Future Summit (think 5G, 6G,
etc) and Quantum Systems Day.
Wednesday is Radar and Aerospace
Day. Thursday is Phased Arrays and
OTA Applications Day. During these
days look for additional panel ses-
sions, more focus sessions, techni-
cal lectures, socials and more.

We are also working to increase
industry participation in IMS. There
will be opportunities for industry-
based authors to showcase their
work. In addition, there will be op-
portunities for industry-based au-
thors to mention companies sup-
porting their work and show the
companies’ booth numbers, if they
are exhibiting. Speaking of exhib-
its, at the time of this writing we
have over 410 companies exhibit-
ing at IMS2022 and the number
keeps growing!

SOCIAL EVENTS

It wouldn't be IMS without so-
cial events. Starting with the Wel-
come Reception on Monday, there
is something happening every day
and night of IMS. Tuesday, earlier
in the day, there will be a Quantum
Reception and then a bit later there
will be the Young Professional’s (YP's)
Reception—there will also be other
YP events happening throughout the
week. On Wednesday, the Women
in Microwave events are taking place
and the Award Banquet is happen-
ing that night. Make sure to save
time Thursday to go to the Closing
Plenary talk. To see the many more
events going on during the week,
take a look at the Week-At-A-Glance.

The Technical Program Commit-
tee has put together a great pro-
gram for IMS2022. There are a lot
of new elements (see the Technical
Program for more information). We
have doubled the number of panel
sessions and focus sessions and in-
vited many of the top experts to par-
ticipate. Summer in Denver is won-
derful. Come, enjoy and stay a few
extra days to experience Colorado. |
can't wait to see you all at IMS2022!
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Keynotes & At A Glance

Dr. Curtis Ling Prof. Sorin Voinigescu
MaxLinear University of Toronto
|| o
i o
N ) AR
Prof. Dana Z. Anderson Gregory E. Edlund Prof. W. Bernard Carlson
University of Colorado and Lockheed Martin Space University of Virginia and
ColdQuanta, Inc. Systems Company National University of Ireland Galway

Sunday Monday Tuesday = Wednesday  Thursday Friday
19-Jun-22  20-Jun-22  21-Jun-22  22-Jun-22  23-Jun-22  24-Jun-22

Workshops

RFIC Plenary Session, Reception,
Industry Showcase

Quantum Bootcamp

RF Bootcamp

RFIC Technical Sessions and Interactive Forum
Three Minute Thesis

IMS Plenary Session and Welcome Reception

IMS Technical Sessions and Interactive Forum
Panel Sessions

Connected Future Summit

Exhibition

MicroApps and Industry Workshops

Amateur Radio Talk and Reception

Young Professionals Talk and Reception

Industry Hosted Reception

Women In Microwaves Talk and Reception

IMS Closing Ceremony and Awards
99th ARFTG




Industry vs. Academia: Who is Leading Whom?

This is the Right Way to Architect the Microwave Control for Quantum Computers!

Race to the Next G — Ride the mmWave or Wave Goodbye!

The Trend of Tiny Al: Will Ultra-Low-Power Fully-Integrated Cognitive Radios Become a Reality?
Small Satellites and Constellations: Who Will Be the Winners of the New Race to Space?
Wearables — Our Life Depends on Them!

Modern Phased Arrays and OTA Testing: A Design or a Measurement Challenge?

Fundamentals of Noise, and Understanding its Effects on RFICs
Electromagnetic Fundamentals Underlying Health Impact of Millimeter-Wave Radiations
Semiconductor Electronics for High Power/High Speed Reconfigurable RF and Microwave Electronics

Advanced Manufacturing and Design Techniques for Emerging 3D Microwave and mm-Wave RF Filters
Advances in SATCOM Phased-Arrays and Constellations for LEO, MEQ and GEO Systems

Emerging MIT/PCM Based Reconfigurable Microwave Devices

Front-End Module Integration and Packaging for 6G and Beyond 100GHz Communication and Radar Systems
In-Band Full-Duplex Integrated Devices and Systems

Superposition and Entanglement: When Microwaves meet Quantum

Supply Modulation Techniques: From Device to System

RF Large-Signal Transistor Performance Limits Related to Reliability and Ruggedness in Mobile Circuit Applications
GaN/GaAs Technology Development and Heterogeneous Integration for Emerging mm-Wave Applications
Microwave Techniques for Coexistence between 5G and Passive Scientific Systems

On-Wafer mm-Wave Measurements

Measurement and Modeling of Trapping, Thermal Effects and Reliability of GaN HEMT Microwave PA Technology
Hands-On Phased Array Beamforming Using Open Source Hardware and Software

Al/ML-Based Signal Processing for Wireless Channels

Commercial Applications of Medical RF, Microwave and mm-Wave Technology

Quantum RF Receivers: Using Rydberg Atoms for Highly Sensitive and Ultra Wideband Electric Field Sensing
Large-Scale Antenna Arrays: Circuits, Architectures, and Algorithms

SWIPT — Simultaneous Wireless Information and Power Transmission for Future loT Solutions

Health Aspects of mm-Wave Radiation in 5G and Beyond

Micro and Nano Technology Challenges to Address 6G Key Performance Indicators

Wideband and High Efficiency mm-Wave CMOS PA Design for 5G and Beyond

Emerging Low-Temperature/Cryogenic Microwave Techniques and Technologies for Quantum Information Processing
mm-Wave Design Challenges and Solutions for 6G Wireless Communications

mm-Wave and THz Systems for Near-Field Imaging, Spectroscopy and Radar Sensing Applications
Advanced Interference Mitigation in Integrated Wireless Transceivers

System Design Considerations for Advanced Radios

Toward Thps Optical and Wireline Transceivers: a Tutorial for RFIC Designers

Wireless Proximity Communication

Recent Developments in Sub-6GHz PAs and Front-End Modules

Digitally Intensive PAs and Transmitters for RF Communication

Human Body Communications



Tu1A: Advances in Synthesis and Design Techniques for Non-Planar Filters

We2C: Al-ML for RF and mmWave Applications

We2E: Advanced Linearization Techniques for PAs and MIMO Transmitters

Tu1B: Advances in Numerical and Computational Techniques for Simula-
tion and Design Optimization

We2F: Advanced Concepts for 77 GHz Radar

Tu1C: Advances in RFID Technologies

We2G: Millimeter-wave and Terahertz System Demonstrations and
Concepts

Tu1D: Advanced Frequency Synthesis

We3A: Advances in Passive Devices

Tu1E: Microwave Technologies for Quantum-System Integration

We3B: Advances in Interconnects

Tu2A: Advances in Non-Planar Filter Technologies

We3C: Towards Physically Secure Communication and Computation

Tu2B: A Retrospective and a Vision of Future Trends in RF and Microwave
Design Optimization

We3D: LNAs and Receivers at W-band and Beyond

Tu2C: Advances in RF Sensors

We3E: New Advances in RF Circuits and Systems

Tu2D: Advanced mm-wave-sub-mm-wave Mixers, Switches and Phase
Shifters

We3F: Cognitive Radar

We3G: Millimeter-Wave and Terahertz Signal Generation

Tu2E: Cryogenic Microwave Circuits for Control of Quantum Systems

Wed4A: Advances in mmWave Passive Components & Systems

Tu3A: Reconfigurable Multi-Mode Resonators and Filters

\We4B: Advanced Manufacturing and Novel Substrates

Tu3C: Rectenna and Signal Design for RF Power Transmission and Energy
Harvesting

We4C: Advanced System Architectures and Concepts

Tu3D: HF-VHF-UHF Power Amplifiers and Systems

We4D: Advances in Low Power CMOS Low Noise Amplifiers (LNAs)

Tu3E: Cryogenic Measurement and Characterization for Quantum Systems

\We4E: Special Session in Memory of Professor Tatsuo Itoh

TudA: Integrated Filters in the GHz and sub-THz Range

We4F: Advanced Radar Imaging and Signal Processing

Tu4B: Components for Advanced Systems and Applications

Tu4C: Low-Frequency Wireless Power Transfer and Harvesting Systems

Tu4D: Advanced High-Speed Mixed-Signal Circuits For Optical and mm-
Wave Systems

We4G: Millimeter and Terahertz Integrated Circuits and Components

Th1A: Microwave Interaction and Characterization of Biological and
Semiconductor Materials

Tu4E: Next-Generation mm-wave GaN Technologies and MMICs for 5G-6G
and DoD Applications

We1A: High-Density Integration of Transmission Line Structures

TH1B: Advances in SAW and Acoustic Components Technology

Th1C: Microwave and Terahertz Photonics

Th1E: Compound Semiconductor Power Amplifiers

We1B: Advances in High Frequency Device Modeling

Th1F: Efficient Characterization and Test of Phased Array Antenna Sys-
tems: Is it Really a Nightmare?

We1C: Advanced 5G Wireless System Architectures and Underlying Over-
the-Air Characterization Technigues

Th2A: Measurement and Instrumentation Techniques for Evolving Stan-
dards in Future Technologies

We1D: Nonlinear Analysis and Design of Microwave Signal Generation
and Processing Circuits

Th2B: Recent Advances on Acoustic Resonators and Filters

Th2C: Nano-Devices and Their High Frequency Applications

We1E: High Power GaN RF and Microwave Power Amplifiers

Th2E: Recent Advances in Microwave Semiconductor Technology

We1F: Radar from Space to Ground (and Below) - The Synergy Between
Commercial, Government, and Metrology Applications

Th2F: Antenna Systems for 5G and SATCOM Applications

We1G: Millimeter-Wave and Terahertz Power Amplifiers and Frontend
Modules

Th3A: MHz-to-THz Instrumentation for Biological Measurements and
Healthcare Applications

We2A: Advancements in Planar and Substrate Integrated Filters and
Multiplexers

Th3B: Emerging Phase-Change and SIW Technologies for mmWave to
sub-THz Applications

Th3C: Silicon Based Digital Power Amplifier Architectures

\We2B: Advances in the Characterization of Microwave and Millime-
ter-Wave Materials and Components

Field, Device and Circuit Tech.

Th3E: Reconfigurable RF Systems for 5G mmWave Communications

Passive Components &
Packgging

Th3F: Advances in Integrated Transceivers for Beamforming and RADAR
Applications

Active Devices

Emerging Technologies

Focus or Special Sessions

RFIC Sessions

Systems & Applications



RFIC Technical Sessions

Monday, 20 June RMo3C: Frequency Generation Techniques for 5G and loT

RMo1A: mm-Wave Transmitters & Receivers for Communication & 56 RMo4A: Power Amplifiers for 100+GHz Applications
Applications RMo4B: Switch Technology, CMOS Reliability, and ESD
RMo1B: Cryogenic and Advanced Front-End Circuits RMo4C: RE mmWave and Sub-THz VCOs

RMo1C: RFIC Systems and Applications: Custom RFICs for Emerging Tuesday, 21 June
Systems V.

RMo2A: Multi-Gigabit Transceivers & Modules for Point-to-Point & LA 1 e G B o Wt A At
Emerging Applications RTu1B: Efficiency Enhancement Techniques for Power Amplifiers

RMo2B: Power Switches, Amplifiers and Power Dividers for mm-wave RTu3A: Circuits and Techniques for Full Duplex Transceivers

d sub-THz Applicati
and sub- Tz Appicanons RTu3B: Millimeter-Wave-THz Devices and BIST-Calibration, and Circuits
RMo2C: RF & mm-Wave Transmitters for Emerging Applications

RMo3A: Millimeter-Wave & Sub-THz Circuits & Systems for Radar
Sensing and Metrology

RMo03B: Mixed-Signal Building Blocks for Next-Generation Systems RTu4B: Building Blocks for Next Generation Frequency Synthesis

RTudA: Emerging Wireless Communications

The Systems Forum, Connected Future Summit, and Boot Camps

With a special focus on systems design across three days, The Systems Forum includes technical
topics showcased in the Connected Future Summit, panel sessions, focused sessions, and an interactive
Systems Pavilion on the show floor.

<VESD4) WEONESD, <WURSD4,

Connected
Future Summit Radar and P
and Quantum Aerospace
Systems

Join us for an introduction to RF basics
on Monday, 20 June 2022! This one day
course is ideal for newcomers to the mi-
crowave world, such as technicians, new
engineers, college students, engineers
changing their career path, as well as
marketing and sales professionals looking
to become more comfortable in customer
interactions involving RF & Microwave
circuit and system concepts and termi-
nology. The format of the RF Boot Camp
is similar to that of a workshop or short
course, with multiple presenters from
industry and academia presenting on a
variety of topics.
ims-ieee.org/connectedfuturesummit Visit ims-ieee.org/RFbootcamp ims-ieee.org/quantumbootcamp
to view the agenda and speakers.

Arrays and
Over-the-Air

& BUSTONE | -y A

For the latest on IMS and Microwave Week visit ims-ieee.org




The exhibition at IMS2022 includes 425+ exhibitors from around the world, showcasing their products and services. All con-
ference pass holders gain free access to the exhibition. “EXPO only” passes are also available. You can sign up for a FREE
EXPO only pass for the Wednesday exhibition or gain access to three days of exhibition and show-floor presentations in the
MicroApps Theater for $30.

Tuesday, 21 June 2022 Wednesday, 22 June 2022 Thursday, 23 June 2022
09:30-17:00 09:30-18:00 09:30-15:00

Continental Breakfast each morning Tuesday-Thursday

Sweet Treat Tuesday (during afternoon)

Coffee breaks throughout the day Tuesday, Wednesday, and Thursday
Industry Hosted Reception, Wednesday, 22 June 2022, 17:00-18:00
Societies Pavilion

Systems Pavilion

Three networking lounges with charging stations

The Microwave Application seminars (MicroApps) offered Tuesday, 21 June through Thursday, 23 June 2022, provide a unique
forum for the exchange of ideas and practical knowledge related to the design, development, production, and test of products and
services. MicroApps seminars are presented by technical experts from IMS2022 exhibitors with a focus on providing practical
information, design, and test techniques that practicing engineers and technicians can apply to solve the currentissues in their
projects and products. View the complete MicroApps schedule at https://ims-ieee.org/exhibition/microapps/microapps-seminars.

The Industry Workshops are 2-hour industry-led presentations featuring hands-on, practical solutions often including live
demonstrations and attendee participation. These Workshops are open to all registered Microwave Week attendees for $25 per
Workshop. View the complete Industry Workshop schedule at https://ims-ieee.org/exhibition/microapps/industry-workshops.

The IMS Microwave Week app is now available in the Apple App store and Google Play store. Install the app on your Android or
i0S device to view the full schedule of Workshops, Technical Lectures, IMS and RFIC Technical Sessions, ARFTG, Panel Sessions,
Social Events and Exhibition information. On-site during Microwave Week you will be able to download IMS and RFIC papers and
presentations, access Workshop materials, locate exhibitors and explore all that Denver, CO, has to offer! Download today!

Apple App Store Google Play Store

Follow us on: n@meo #IMS2022
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RLC Electronics Inc.
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First time exhibitors
are noted in

This information is accurate as of 16 March
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Osama Shana‘a

RFIC 2022 General Chair
MediaTek Inc., USA

Donald Y.C. Lie
RFIC 2022 Technical

Program Chair
Texas Tech University, USA

Danilo Manstretta
RFIC 2022 Technical

Program Vice-Chair
University of Pavia, Italy

he IEEE RFIC Symposium

(RFIC) is the premier an-

nual forum focused ex-

clusively on presenting

the latest research results
in RF, mmWave and wireless ICs.
RFIC is part of the International Mi-
crowave Symposium Week (IMS),
the world’s largest RF & microwave
technical convention.

RFIC 2022 will be held at the
Colorado Convention Center, in
Denver, Colo. starting on Sunday,
19 June 2022 and lasting through
Tuesday, 21 June 2022. The RFIC
and IMS2022 Organization under-
stands that everyone is concerned
with the situation regarding CO-
VID-19. Our primary concern is for
the health and welfare of all the at-
tendees, staff and workers involved
in IMS2022 week. We will be fol-
lowing the guidelines/mandates set
forth by the IEEE and the Denver
and Colorado Governments.

We are quite excited to see a very
healthy RFIC paper submission this
year, which has rebounded back to
the pre-pandemic level and with a
47 percent increase from 2021. The
technical papers will be presented
through parallel sessions on both
Monday and Tuesday. Our sessions
will include topics spanning from
highly integrated wireless systems-
on-chip and low-power radios to
detailed publications on new power
amplifiers (PAs), voltage-controlled
oscillators and front-end circuitry. As
the 5G market heats up, increasing-
ly more mmWave content is being
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published at RFIC, as well as sub-
THz papers targeting the future 6G.

Continuing in 2022, the RFIC
Symposium has an expanded scope
that includes RF systems and ap-
plications related to novel applica-
tions of RFICs at the systems level.
This is reflecting the fact that more
research challenges are being ad-
dressed at higher levels through
new architectures, usage models,
calibration techniques and integra-
tion approaches.

The 2022 RFIC Symposium will
feature a rich educational and work-
shop program on Sunday, 19 June
2022, with 13 RFIC focused work-
shops and one technical lecture.
The RFIC workshops cover a wide
range of advanced topics in RFIC
technology, which are as follows:

e Digitally Intensive PAs and Trans-
mitters for RF Communications
e mmWave and THz Systems for
Near-Field Imaging, Spectroscopy
and Radar Sensing Applications
e Wideband and High Efficiency
mmWave CMOS PA Design for 5G
and Beyond

e Human Body Communications

* Recent Developments in Sub-6

GHz PAs and Front-End Modules
e mmWave Design Challenges and

Solutions for 6G Wireless Commu-

nications
e Wireless Proximity Communication
* Towad Tops Optical and Wireline

Transceivers: a Tutorial for RFIC Design-

ers
¢ System Design Considerations for

Advanced Radios
e Advanced Interference Mitigation

in Integrated Wireless Transceivers
e large-Scale Antenna Arrays: Cir

cuits, Architectures and Algorithms
e Micro and Nano technologies chal-
lenges to address 6G Key Perfor-

mance Indicators
® Emerging Low-Temperature/Cryo-

genic Microwave Techniques and

Technologies for Quantum Infor-

mation Processing.

Also, RFIC 2022 will feature an
excellent one and a half hour short
course, which we call a “Technical
Lecture,” delivered by a world-re-
nowned educator, during lunchtime
on Sunday. For 2022, Prof. Asad Abidi
from the University of California, Los
Angeles, and a member of the U.S.
National Academy of Engineers, will
teach “Fundamentals of Noise and
Understanding its Effects on RFICs.”
This lecture should be instructive and
beneficial for newcomers and practic-
ing designers alike.

Following the full day of Sunday
workshops, the RFIC Plenary Session
will be held in the evening begin-
ning with conference highlights and
the presentation of the Student/In-
dustry Best Paper Awards. The 2022
RFIC Plenary Session will conclude
with two visionary plenary talks:

Dr. Curtis Ling, co-
founder and chief
 technology offi-
cer, MaxLinear, will
share his vision for
the future of RFIC in
his talk “The Future of
RFIC is Digital.” The talk provides a
historical perspective and examines
the evolution and current state of
communication  systems-on-chips,
highlighting the role of digitally en-
abled analog. The talk then specu-
lates about where this might take us.

Prof. Sorin Voinige-
scu, The Stanley Ho
Chair of Microelec-

tronics, the director
of the VLSI Research
Group and a Profes-
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sor of Electrical and Computer Engi-
neering at the University of Toronto,
will deliver his vision on breaking the
speed limits of RFIC in his talk “RFICs
into the roaring 20's: Hot and Cold.”
The talk gives a look ahead to the
challenges and research problems
RFIC designers will have to address
through the end of the decade, a
breadth of addressing the power/
speed limitations of future circuits and
provides possible solutions to the fu-

Microwave Multi-Octave

Directional Couplers

ture extremely high-data rate circuits.

Immediately after the plenary ses-
sion, the RFIC reception and sympo-
sium showcase will follow, with high-
lights from our industry showcase
and student paper finalists in an en-
gaging social and technical evening
event supported by the RFIC 2022
Symposium corporate sponsors. In
addition, some authors, especially
system and application papers, will
demo their work in a lab-like environ-

Frequency I.L.(dB) Coupling Directivity VSWR Model
Range min. Flatness max. | (dB) min. max. Number
0.5-2.0 GHz 0.35 +0.75dB 23 1.20:1 CS*-02
1.0-4.0 GHz 0.35 +0.75dB 23 1.20:1 CS*-04
0.5-6.0 GHz 1.00 +0.80 dB 15 1.50:1 CS10-24
2.0-8.0 GHz 0.35 +0.40dB 20 1.25:1 CS*-09
0.5-12.0 GHz 1.00 +0.80dB 15 1.50:1 CS*-19
1.0-18.0 GHz 0.90 +0.50 dB 15 12 1.50:1 CS*-18
2.0-18.0 GHz 0.80 +0.50 dB 15 12 1.50:1 CS*-15
4.0-18.0 GHz 0.60 +0.50 dB 15 12 1.40:1 CS*-16
8.0-20.0 GHz 1.00 +0.80 dB 12 1.50:1 CcSs*-21
6.0-26.5 GHz 0.70 +0.80 dB 13 1.55:1 CS20-50
1.0-40.0 GHz 1.60 +1.50 dB 10 1.80:1 CS20-53
2.0-40.0 GHz 1.60 +1.00 dB 10 1.80:1 CS20-52
6.0-40.0 GHz 1.20 +1.00 dB 10 1.70:1 CS10-51
6.0-50.0 GHz 1.60 +1.00 dB 10 2.00:1 CS20-54
6.0-60.0 GHz 1.80 +1.00 dB 07 2.50:1 CS20-55

10 to 500 watts power handling depending on coupling and model number.
SMA and Type N connectors available to 18 GHz.
* Coupling Value: 3, 6, 8, 10, 13, 16, 20 dB.

MICROWAVE CORPORATION

© www.pulsarmicrowave.com

48 Industrial West, Clifton, NJ 07012 | Tel: 973-779-6262 - Fax: 973-779-2727 | sales@pul: i com
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ment for more close-up discussion
and interaction. You will not want to
miss the 2022 RFIC reception!

On Monday and Tuesday, RFIC
will have multiple tracks of oral tech-
nical paper sessions. On Tuesday,
there will be a joint panel with IMS
on which panelists will discuss the
topic of “The race to the next-G: ride
the mmWave or wave Goodbye?”
This will provide an interesting and
provocative debate related to the
proper technology for beyond 5G,
and on whether mmWave would
dominate and perhaps lead to THz,
or if the world will continue to largely
invest in sub-10 GHz bands.

On Monday, panelists will de-
bate the topic “Industry vs. Aca-
demia: who is leading whom?”
As we are seeing more professors
quitting academia to start compa-
nies, while industry leads are be-
coming adjunct faculty to teach
classes in universities. Furthermore,
with the lack of university access to
very expensive but most advanced
process nodes, such as 7 or 5 nm,
the state-of-the-art and technical
breakthroughs in some areas are
starting to come from the industry
instead of from academia. We ex-
pect an interesting debate on the
future of RFIC education, research
and support model.

RFIC 2022 and IMS2022 have many
educational and professional develop-
ment opportunities for students. New
in 2022, we will have two hand-crafted
student events scheduled on Tuesday.
The first event is called “Student-Indus-
try CHIPs,” in which students can meet
industry experts and learn technology
trends in the field. The other event is
called “Student Entrepreneurship Fo-
rum,” in which students can learn from
successful entrepreneurs the art of
founding successful RFIC startups. Ad-
ditionally, RFIC will once again conduct
a contest to select the top student pa-
pers from the symposium. These top
papers will be featured at our Sunday
Symposium Showcase. All RFIC au-
thors will have the opportunity to apply
for and participate in the Three-Minute
Thesis (3MT®) program.

On behalf of the RFIC Steering
and Executive Committees, we
welcome you to join us at the 2022
RFIC Symposium in Denver, Colo.
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99th ARFTG Microwave
Measurement Conference

Jeffrey Jargon,

Jon Martens,

Andrej Rumiantsev
and

Marc Vanden Bossche

elcome to the
99t ARFTG Mi-
crowave Measure-
ment Conference.
The  Automatic
RF Techniques Group (ARFTG) is a
technical organization interested in
all aspects of RF and microwave test
and measurement. Originally creat-
ed as a users’ forum focused on the
calibration and automation of early
vector network analyzers, ARFTG
has grown to encompass all aspects
of microwave measurements from
RF to Terahertz.

ARFTG's core mission is educa-
tion. ARFTG achieves this by host-
ing conferences, workshops and
short courses covering a wide range
of measurement topics. As well as
by awarding fellowships and spon-
sorships to students. Additionally,
ARFTG's close association with the
top vendors of measurement in-
strumentation ensures high-quality
exhibits at its conferences. The
extended breaks from conference
technical sessions enable meaning-
ful interactions to take place among
colleagues, students, experts and
vendors.

ARFTG sponsors two conferenc-
es each year. The fall/winter confer-
ence has recently been co-located
with Radio & Wireless Week, while
the spring/summer conference is
co-located with the International
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Microwave Symposium. The 2022
spring/summer conference will be
a single-day event on Friday, June
24. The theme of this 99t ARFTG
Microwave Measurement Confer-
ence is “From Fundamental to Cut-
ting-Edge Microwave Measurement
Techniques to Support 6G and Be-
yond.” Conference topics will cover
mmWave over-the-air (OTA) and
MIMO characterization, modulated
waveform measurements, on-wafer
techniques up to terahertz frequen-
cies, techniques for connector-less
environments; as well as many
other subjects including RF/digi-
tal mixed-signal measurement and
calibration,  nonlinear/large-signal
measurement and modeling tech-
niques, traceability in calibrations
and measurement uncertainty, ma-
terial properties characterization
and applications and advances in
vector network analysis.

Oral technical sessions are pre-
sented in a single-track format. Ex-
tended breaks combine an exhibi-
tion and interactive forum, which
provides networking opportuni-
ties with vendors and colleagues,
whether researcher or practitioner.
The conference is preceded by the
Nonlinear Network Vector Analyzer
Users’ Forum and the On-Wafer Us-
ers’ Forum, both held on Thursday,
June 23.

Additionally, ARFTG is co-
sponsoring two full-day workshops

on Monday, WMK: “On-Wafer
mmWave  Measurements”  and
WML: “Measurement and Model-
ing of Trapping, Thermal Effects
and Reliability of GaN HEMT Micro-
wave PA Technology.”

On Thursday morning, ARFTG
is co-sponsoring panel session
PL7: “Modern Phased Arrays and
OTA Testing: A Design or a Mea-
surement Challenge?” and focus
session Th1F: “Efficient Charac-
terization and Test of Phased Ar-
ray Antenna Systems: Is It Really a
Nightmare?”

Finally, ARFTG is co-sponsoring
a technical session that morning,
Th2A: “Measurement and Instru-
mentation Techniques for Evolving
Standards in Future Technologies.”

ARFTG also offers student spon-
sorship and fellowship programs.
The sponsorship program gives fi-
nancial aid to students presenting at
an ARFTG conference, and the fel-
lowship program provides financial
assistance in support of research.

If you have an interest in mea-
surements from 1 kHz to 1 THz and
beyond, be sure to add the 99th
ARFTG Conference to your plans
in Denver this June. You will find
our atmosphere to be informal
and friendly. For further details re-
garding the conference as well as
the student sponsorship and fel-
lowship programs, visit the ARFTG
website.
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ating in the 126
GHz to 182 GHz
frequency band
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6G research, material characteriza-
tion, NDT applications or generic S-
Parameter measurements.  The
2nSENSE radar technology platform
is unrivaled in bandwidth and signal
stability performance and offers
high flexibility in terms of interfacing
(USB or GbE with trigger/synchroni-
zation options) as well as RF options
(from waveguide to multi-polariza-
tion focus lenses) for adapting to
your needs.

www.radarlytics.com

Altum RF
MMIC Amplifiers

Altum RF  an-
nounces new
MMIC  amplifiers
for Q-, V- and E-
Band. ARF1208 is
a 37 to 57 GHz
low noise amplifi-
er (LNA) that has a typical noise fig-
ure of 3 dB and 26.5 dB linear gain.
ARF1207 is a 57 to 71 GHz linear
amplifier that offers 5 dB gain and
22 dBm P1dB output power.
ARF1206 is a 71 to 86 GHz LNA that
delivers 22 dB gain and 3.5 dB noise
figure at 77 GHz. Discover Altum RF
for high performance RF to mmWave
solutions.

www.altumrf.com

IMS2022
CLIEE]) SHOW COVERAGE
Be sure to check out
mwjournal.com/ims2022 for
all products featured

at this year’s
IMS2022 in
Denver.
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American Microwave Corp.
Power Divider

Y)VENDORVIEW

American Micro-
wave Corp. offers
model  number
PDV-6WO0T1, a
& brand-new power
divider (PD6). The
power divider has
a frequency range of 2.0 to 4.2 GHz
with an insertion loss of < 0.74 dB
maximum and an isolation of 16 dB
minimum. This module has an am-
plitude balance of 0.7 maximum, a
phase balance of 8 degrees maxi-
mum on the output ports. These are
non-coherent at 1 W at each port.
The size is 3.20" x 4.00" x 0.38".
www.americanmic.com

Analog Devices Inc.

5G Networks with Anti-
Hackable Encryption

AmpliTech
Group, Inc. and
joint venture part-
ner SN2N LLC
have delivered a
fully working
proof of concept of their field pro-
grammable gate array (FPGA) solu-
tion, with an intelligence-community-
caliber hardware encryption commu-
nications channel. The joint venture’s
solution enables network providers to
achieve substantially improved data
carriage capacity, speed and security,
while significantly reducing related
Capex requirements, enabling Ampli-
Tech Group to be the only provider of
5G networks with this anti-hackable
encryption security solution.
www.amplitechinc.com

\JVENDORVIEW

X-Band Phased Array Development Platform

Analog Devices, Inc. is developing a X-Band hybrid
beamforming phased array radar development
~ platform as a reference design for customers to lever-

age and accelerate design time. The development plat-
form consists of the ADART000EVAL1Z 32-channel beamformer front-end,
ADXUD1AEBZ quad channel up-/down-converter, and AD9081-FMCA-
EBZ high speed converter. The development platform demonstrates a full
hybrid beamforming antenna to bits system capable of being controlled
and evaluated with example HDL and software scalable to a customer’s

end system requirements.

Vector Network Analyzer Front-End

The ADL5960 is a wideband vector network analyzer
front-end targeting multi-port VNAs, test equipment
and materials analysis to name but a few use cases. The
IC consists of a resistive bidirectional bridge, down-con-
version mixers, programmable IF amplifiers and filters
and a highly flexible local oscillator (LO) interface. The

bridge provides > 10 dB of directivity up to 17 GHz and
the primary transmission line of the bridge, from RFIN to RFOUT, is wide-

band impedance matched to 50 Q.
www.analog.com

Anokiwave SiICs

Enabling New Capabilities
in A&D with mmW Silicon
Commercial Technologies

-

Anokiwave has been providing mmWave technology for
A&D applications for over 20 years and enables new capa-
bilities in satcom, radar, electronic warfare (EW), communi-
cations, NextG and space by leveraging the advances in
mmWave Si commercial technologies. Its solutions offer
low SWaP-C, flexibility to customize for specific needs and

a phased IC development approach to meet budgetary
constraints, all with an assured supply chain to support volume demand.

www.anokiwave.com
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AR RF/Microwave
Instrumentation
RF Test Solutions
Y)VENDORVIEW

The  7551Gé6C,
with a signal gen-
erator, will pro-
vide a minimum
of 75 W from 1 to 6 GHz. The low
spurious signals and high linearity
make it ideal for use as a driver am-
plifier in testing wireless and com-
munication components and sub-
systems. It is also suitable for EMC
Test applications where class A am-
plifiers are desired. Visit AR RF/Mi-
crowave Instrumentation at IMS to
learn more.

www.arworld.us

Boonton
RF Signal Generators

Boonton  enters
the signal genera-
tion market with
the new SGX1000
series of RF signal
generators deliv-
ering a unique combination of high
performance and ease-of-use in a
compact form factor. The SGX1000
utilizes a proprietary blend of direct
digital and direct analog synthesis
to provide ultra-fine frequency reso-
lution, lightning-fast  frequency
switching, ultra-low phase noise and
jitter and superior reliability. It brings
high performance signal generation
at an affordable price for broad use
in the semiconductor, military, aero-
space, medical and communica-
tions industries.
www.boonton.com

Cadence
Wireless Products

Cadence pro-
= vides engineers
developing wire-
less products for

- o 5@, radar and au-
tomotive applications with high-ca-
pacity simulation, multiphysics anal-
ysis and design interoperability
through the Cadence® Virtuoso®,
AWR Design Environment® and Al-

MW]JOURNAL.COM m MAY 2022

legro® PCB Designer platforms. Ca-
dence will showcase its latest innova-
tions that address IC through system-
level design (chip, package and board)
including integrated EM and thermal
analysis for large-scale systems with
the Clarity™ 3D Solver, Celsius® Ther-
mal Solver, and EMX® Planar 3D Solv-
er.

www.cadence.com

CernexWave
Frequency Multipliers
)VENDORVIEW

CernexWave's ac-
tive and passive
frequency muilti-
pliers cover the
frequency range
of 10 MHz to over 1000 GHz. They
can be designed to multiply an RF
signal 2x, 3x, 4x or as many as 64x
with our custom multiplier chain as-
semblies. These multipliers utilize
state-of-the-art MIC and MMIC
technologies to provide highly sta-
ble, reliable and efficient frequency
extenders for system applications.
WWW.cernexwave.com

Ciao Wireless Inc.
Amplifiers

Standard models
include units with
instantaneous
bandwidths cov-
ering 10 MHz to 6.0 GHz and 24 to
43 GHz (designs for 52 GHz avail-
able), to support both the uplink/
downlink bands for 5G NR. Designs
are available with O/P levels up to
+33 dBm P1 dBPT and functions in-
cluding detectors, switched/RF by-
pass (TTL), variable gain (digital and
WA, or full rack-mount with ether-
net control. Multiple gain levels from
10 dB and up are available, typical
noise figures in the 3 to 5 dB range.
www.ciaowireless.com

Communications & Power
Industries LLC

VSX3716 X-Band SSPA
)VENDORVIEW

CPl's VSX3716 is a conduction
cooled, 1.5 kW X-Band solid-state

power amplifier
(SSPA) optimized
for pulse radars.
X-Band SSPA
transmitters  are
efficient, high-power and compact
with proven GaN transistor technol-
ogy. This VSX3716 SSPA is rugged,
reliable and easy to maintain. This
amplifier utilizes GaN transistors,
providing high gain, high efficiency
and excellent pulse fidelity. Contact
the SSPA experts at ElectronDevic-
es@cpii.com.

www.cpii.com

Connectronics Inc.
Standard and Custom RF
Connectors and Adapters

Connectronics Inc. has manufac-
tured standard and custom RF con-
nectors and adapters since 1985.
Our newest designs address the
need to achieve higher frequencies
with minimal return loss. Our 1.85,
2.4, 2.92 and 3.5 mm connectors
and adapters are manufactured and
assembled at our Edinburgh, Ind.,
facility to meet specific require-
ments up to 67 GHz and low VSWR.
Allow us to design the perfect solu-
tion for your project with fast lead
times and reasonable minimum or-
der quantities. Visit us at IMS Booth
10082.
Www.connectronicsinc.com

Copper Mountain
Technologies
USB VNA

Y)VENDORVIEW

The newest 2-port

Sieeo g8 USB VNA from

== @+ Copper Mountain

Technologies s

the first CMT VNA to offer pulse

modulation  capabilities.  The

S5180B 18 GHz VNA is perfect for

development, manufacturing and
testing of high-power ampilifiers.
Www.coppermountaintech.com
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Crane Aerospace &

Electronics
RF Converter Miniaturization
Using Multi-Mix®

Our multilayer Multi-Mix technolo-
gy provides a miniature footprint
with maximum flexibility and perfor-
mance. Key benefits include a 5x—
10x reduction over traditional con-
verters with packages less than 5" x
2" x 0.5", multilayer Multi-Mix
motherboard
with  double-sid-
ed SMT populat-
ed in a light-
weight  housing
frame that pro-
vides excellent RF
channelization and isolation, four
integrated coherent wideband syn-
thesizers, embedded pre-select fre-
quency filters and fast tuning and
settling times. Let us meet your
most complex RF converter needs.
WWww.craneae.com

Custom Microwave

Components

CMCI1150: 8x8 Non-Blocking

Matrix
- A 20 to 40 GHz

frequency range

makes model
CMCI1150 switch

matrix 5G ready.
This  solid-state
non-blocking 8 x

8 matrix enables
the connection of any of eight inputs
to any combination of eight outputs.
Intuitive browser graphical user in-
terface, integral embedded process-
ing unit server, easy to network, re-
peatable and reliable performance
of solid-state. Applications include
Ku-/Ka-Band RF signal routing and
5G system performance testing.
WWW.customwave.com

Delta Electronics Mfg.
Corp.
Customized Gang Mounts

With today’s industry trends for
higher frequency performance and
increased density, Delta’s SMP,

172

3 SMPM and SMP3 gang
~ mount designs are solving
engineering  packaging
and performance chal-

y lenges. Delta's gang
o mount designs assure true
‘« position for each port,
vl save valuable PCB space
#d  and provide reliable con-

nections every single
mate. Our hyper-responsive engi-
neering team offers design solu-
tions based on port density require-
ments, insertion force consider-
ations and return loss performance
targets. With SMP3 port counts up
to 64, think of the design possibili-
ties.
www.deltarf.com

dSPACE
Radar Sensors

VENDORVIEW

Modern radar
sensors are cru-
cial for advanced
driver assistance
systems and au-
tonomous  driv-
ing, but validat-
ing these sensors is a challenging
task. With a dSPACE radar test
bench, you can perform easy and
reproducible tests using over-the-
air (OTA) simulation. Using highly
accurate simulation models and a
graphical editor, engineers can cre-
ate maneuvers for realistic traffic
scenarios and play them out in real
time on the test bench equipped
with an anechoic chamber, the DUT,
a simulation system, radar target
simulators and antennas.
www.dspace.com

Eclipse MDI
Schottky Detector Diode

EZR2018QFN4
zero-bias Schott-
ky detector di-

ode, exhibits
broadband  flat
frequency re-

sponse, low video capacitance of
20 pF typical, high voltage sensitiv-
ity of 1800 mV/mW typical, high
sensitivity—without external bias-
ing. These versatile detectors offer

a dynamic range of -30 to +20 dBm,
are hermetically sealed and operate
from -54°C to +100°C. Eclipse MDI
ZBD detectors are designed for
such applications as power mea-
surements, analyzing radar perfor-

mance, leveling pulsed signal
sources, AM noise measurements,
system monitoring and pulsed RF
measurements in ultra-broadband

and mmWave applications.
www.eclipsemdi.com

Empower RF
Solid-State Tri-Band Amplifier
\VENDORVIEW

Empower RF

!TQM’ __ Model 2198 is a
i solid-state tri-
3 swas mewomwe Dand amplifier in

a single 3U chas-
sis and is ideal for general purpose
lab and production line test applica-
tions. With user selectable modula-
tion and power output modes this
amplifier integrates easily into any
test system and simplifies test set-
ups with selectable AGC and ALC
modes. The amplifier is ready to go
out of the box with its built-in
browser GUI so there’s no software
to install for PC or Lan control.
www.EmpowerRF.com

Eureka Aerospace
Integrated Blumlein Antenna
(IBA) Array

Solid-state compact scalable modular
architecture, tunable in 100 MHz to 1
GHz range, high (10s of GW) peak
microwave power,
integrated micro-
- wave source/radia-
& tor, high (> 20) Q
waveform implementation of PCSSs
triggered by laser diode arrays, low
SWAP, no cooling is needed, no exter-
nal antenna is needed, multiple direct-
ed energy weapon applications at large
standoffs: Remote neutralization of ex-
plosive hazards and |EDs, remote neu-
tralization of UAVs, ground vehicles and
boats and nonlethal area denial.
www.EurekaAerospace.com
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{F Power House

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
AM206041WN-00-R 1.8 6.5 32 42 27 +28/-1.8 EAR99
AMA408041WN-SN-R 375 8.25 31 41 23 +28/-1.8 3A001.b.2.b
AM408041WN-00-R 3.75 8.25 33 42 27 +28/-1.8 3A001.b.2.b

The AMO07512041 ":aN'SN ji AMO0010037WN-SN-R DC 10 13 37 23 +28/-1.8 EAR99

is in a ceramic package wit - e _ — orT - pume—

a flange and straight RF and AMO@NCBMN'QQ‘R bc 10 13 37 25 +28/-1.8 EAR99

DC leads for drop-in assembly. AMO0010037WN-QN6-R DC 10 13 36 25 +28/-2.0 EAR99

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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Eravant
THz Frequency Extender
\WVENDORVIEW

Using input sig-
nals from 12.2 to
18.3 GHz, mod-
el STE-KF1803-
S1 is a multiply-
ing source ex-
tender that delivers full-band
coverage from 220 to 330 GHz.
Nominal output power is +5 dBm.
The extender combines multiplier
technology from ACST GmgH with
Eravant’s high power amplifier ex-
pertise. Input signals are applied
through a 2.92 mm female coaxial
connector. The required input
power is +3 dBm. Output signals
are provided through a WR-03 an-
ti-cocking waveguide flange. Har-
monic and spurious outputs are
-15 dBc and -60 dBc respectively.

VNA Test System
Designed to
o .. . bring transfor-

mative changes

to how mmWave components are
measured, Eravant's tools for ex-
tending VNA test capabilities pro-
vide full-band frequency coverage
from 50 to 220 GHz. VNA up-
grades are realized using the STO
series of VNA frequency extend-
ers, the STQ-WG series of Proxi-
Flange™ contactless waveguide
flanges and the STQ-TL series of
Wave-Glide™ alignment fixtures.
Test system productivity and dura-
bility are greatly enhanced by
streamlining calibration and mea-
surement operations while pre-
venting physical damage to wave-
guide components.

Compact Noise Sources

Delivering cali-
\ brated ENRs of
T/ 15t018dBina

compact pack-
age, the -02 and -0T2 models in

Eravant's STZ series of noise sourc-

es measure 4.0 x 1.2 x 0.8 in. Typi-

cal ENR flatness is + 2 dB over
their full operating bandwidths.

Configuration options include a

1.85 mm output connector that
yields continuous frequency cover-
age from 0.5 to 67 GHz. Other op-
tions include 2.92 and 2.4 mm co-
axial connectors as well as WR-19,
WR-22 and WR-28 Uni-Guide™
waveguide connectors.

Gaussian Optics Antenna

Supporting
point-to-point
data  transmis-
sion at extreme-
ly high band-
widths, model
SAG-1442244501-059  Gaussian
optics antenna provides a 1-de-
gree half-power beam width and
45 dBi gain from 140 to 220 GHz.
The circular waveguide feed is
0.059 in. in diameter and supports
vertical, horizontal and circular po-
larizations with low cross-polariza-
tion responses. Side lobe levels
are -25 dB or less and return loss is
15 dB or better. With a lens diam-
eter of 6 in. the antenna is pack-

aged in a 7-in. diameter housing.
www.eravant.com

T 5] IMS2022 SHOW COVERAGE

Be sure to check out mwjournal.com/ims2022 for all products

featured at this year’s IMS2022 in Denver.

SRM - When Safety Counts
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Safety Test Solutions
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The new antenna
expands the SRM-3006
for applications in FR2
of 5G NR. Available as
horn directional and
omnidirectional antenna.
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More information:
www.narda-sts.com
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-192- C25 F/High Corrosion-Resistant

Bhsgl Microwave Cable Assemblies

Salt Spray Test

Ideal for the shipborne & internal connection of
equipment under various high corrosion environments

9 Hours Salt Spray Test Qualified per MIL-STD-202G

& Cable Loss: <4.96dB/m@18GHz
<7.69dB/m@40GHz

@ sShielding Effectiveness: <-100dB

@ Phase Stability over Temp.: 500ppm@-40°C~+70°C

& CableDia.: 1.42mm

@ Connectors Available

Connector Gender Operating Freq. Max) VSWR (maxy Remarks

120:1@6GHz, 1.30:1@18GHz ~ For LRM Module
SMP-K. Female 40 GHz 1.30:1@18GHz, 1.40:1@40GHz

120:1@6GHz, 1.30:1@18GHz

15 1z
i (1
o - Uil il e g PARS [ B TLE TiTRT
|,,”.\|“.=_'I r n ‘ i ‘ i ‘ 'Ill,r. ,“.__._. AU & L L I'.___I_,_e._._.,_ - g T - ! LB : . r._-..-_:;:‘:._-_;l'-
LRM/SSMP-J (Dual Port) SMP-K (Dual Port) SMP-KW (Dual Port)

Fujian Micable Electronic Technology Group Co.,Ltd
Tel: +86-591-87382856 Email: sales@micable.cn Website: www.micable.cn




Fujian Micable Electronic Technology Group Co. Ltd.
6-50 GHz Ultra-Wideband 90-Degree Hybrid

JVENDORVIEW

-

1;:""-;:

".i_- % i

Mlcable 6 to 50 GHz ultra-wideband (UWB) 4-Port
90-degree hybrid covers multiple microwave frequency
bandssuchasL, S, C, X, Ku, K, Ka and Q by a single unit.
Due to extremely wide bandwidth, excellent amplitude
and phase unbalance, it can be widely applied in test-
ing, wireless communication and other fields.

4 x4 High Accuracy Beamforming Network

Micable 2 to 8/6 to 18/18 to 40 GHz 4x4 butler matrix
can transfer the signal reciprocally from any of four ports
to any of other four ports. Because the high performance
passive components and cables are used inside, the sys-
tem has super phase accuracy, amplitude balance, sta-

m bility and repeatability. They cover multiple microwave
bands such as S, C X, Ku, K and Ka, making them an

ideal choice for 5G testing, MIMO testing, multipath simulation and per-
formance evaluation, antenna array beamforming and other applications.

www.micable.cn

HASCO Inc.
Littlebend™ Ultra-Flexible RF
Cables

)VENDORVIEW

HASCO, Inc., a
global supplier 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
demanding microwave intercon-
nect applications and system de-
signs requiring dense packaging.
These extremely flexible, triple
shielded cables support a minimum
bend radius of 0.20"” (5 mm), and a
high retention force of > 90 N, elim-
inating the need for right-angle
adapters.

www.hasco-inc.com

Herotek
Limiter

Herotek offers a

wm  wide range of
i high-power limit-
ers. Model

LS0812PP100A is a 100 W CW lim-
iter operating from 8 to 12 GHz with
1 kW peak, 1 microsecond pulse

176

width limiting protection. It has a
low insertion loss of 2 dB and 2:1
VSWR with typical leakage of +13
dBm at 100 W CW input. This limit-
er comes in a hermetically sealed
package with removable connec-
tors for drop in assemble and de-
signed for both military and com-
mercial applications.

www.herotek.com

HYPERLABS INC.
100 GHz Ultra-Broadband
Components

HYPERLABS INC.
is expanding their
industry-leading
component line
to frequencies up
to 100 GHz. To
compliment  the
HL?409 100 GHz Broadband Balun,
HYPERLABS is releasing the HL9439
DC Block (2 dB bandwidth from 200
kHz to 100 GHz) and the HL9449
Bias Tee (3 dB bandwidth from 160
kHz to 100 GHz, 175 mA). Both of-
ferings show exceptional return loss
out to band edge. The HL9439 and
HL9449 are available in 11 or 30 V
versions and can be sold individu-
ally or in matched pairs. Demos are
immediately available.
www.hyperlabs.com

|NRCORE/ Gowanda

Electronics
Power Chip Inductors

’Hﬂ]m ,Umm]»m Gowanda’s new
ceramic core

Ci g .
LG s power chip induc-
i tor series—

SMP0603—is de-
signed for high current handling as
needed in DC/DC converters and
switching power supplies. The series
can also be used in RF applications.
Performance range includes: Induc-
tance from 1.8 to 27 nH, DCR ohms
from 0.01 to 0.04 and current rating
mA DC from 1750 to 3400. Learn
more about Gowanda, INRCORE
and the POWERFUL TOGETHER
Brand Family at www.inrcore.com/
brands or visit IMS Booth 3058.
www.inrcore.com

Insulated Wire

Incorporated (IW)
Coaxial Cable Assemblies

Insulated Wire Incorporated (IW)
Microwave Products is a manufac-
turer of low loss phase stable coaxial
cable assemblies operating to 70
GHz. Our unique dielectric lamina-
tion technique provides exceptional
attenuation and phase performance
over  tempera-
ture, and with a
range of diame-
ters from 0.034"
to 0.750", our ca-
bles are suitable
for inside enclo-
» sure through to
system level ap-
plications. Various jacketing, armor
and interconnect options are avail-
able including high power (EIA flang-
es, 7/16) to mmWave (SMP, SMPM,
2.4 mm, 1.85 mm), making our prod-
ucts suitable for a wide range of mili-
tary RF/microwave systems.
www.iw-microwave.com

JFW Industries Inc.
Solid-State RF Switches
Y)VENDORVIEW

JFW has added a new line of 50 Q
solid-state RF switches that operate
from 20 MHz to 8 GHz. The flagship
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There’s a lot riding on your
printed circuit boards.

MENEGE 3 mr When signal integrity

and frequency matters
— Trust the experts.

For 25 years Transline has focused on
making quality RF/Microwave and High
Performance boards, Flex, Rigid-Flex PCB
and Photo-Chemical & Metal Etching.
That is why Transline Technology is the
trusted name in High Performance boards
for both the defense and commercial
industries. We understand that the
success of your products depends on

e L) 13k 2 the quality of our boards, we make it

COMMUNICATIONS - WIRELESS « SATELLITE - GPS - RF
MICROWAVE - MEDICAL - OEM - UAV - DEFENSE & AEROSPACE  right, right on time.

/ TRANSLINE
TECHNOLOGY
INCORPORATED

1106,S Technology Circle
\\Anaheim-CA 92805

|\ TEL:7714.533.8300 FAX:714.533.8791
="_Www.translinetech.com

) - = _.:__ ‘EE ' .I:I__
AS9100D - IS0 9001:2015 ~ ITAR REGISTERED-+UL &IPC.COMPEIANT }| SB) 8(a) CERTIFIED - MINORITY OWNED
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LoGuUSe 40

High Freguency

Millimeter Wave Switches

Available in...
SPOT 6 DPOT Acman
- MANLIAL DNLY & “\ﬁ :
e 7 P : isolation
Manual Override V" \.““
(. Insertion

"e00.%
23 -

FEATURING

Single & Eanged

anegmde Switches

WRD180 -> Operates across . ‘:‘ y 5‘5
—Full Band of 18.0 to 40.0GHz
~Maximum VSWR of 1.30:1, AVAILABLE
~Insertion Loss:
0.40 dB maximum (single)
0.80 dB maximum (Ganged)
~lsolation minimum 50 dB.
=Switching time 50 ms typical

Indicators, TTL,
Voltage Choice,
Weatherized |
WR10 thru WR112
Double-Ridge
WRD180 thru WRD750

—a WR10 - WRI75, most
waveguide sizes

—o Ground, Shipboard, Airborne,
and Space applications

—o 750 MHz - 110 GHz

—0 Standard configurations, Engineered to Spec

— From Ultra-Lights to MegaWatts and everything

in between

—o DC to 40 GHz

—~o Most every Coax Connector

—= available, 50 or 75 Ohm
Mormally Open, Failsafe,

‘o Latching, Terminated or Reflective
Manual, DC or AC Actuated, TTL and many other
user specified Control & Monitor interfaces

: & [ | PROVEN
=I§’_‘L SFAEE
HERITAGE

WRZB  WR34 WA
SR

.§ 3 *Available in:
I‘j:': L 1 | ;| | spor.oeot.
WS WIS WRI R-Type

For more information CONTACT US:

Sales@logus.com

@Oﬁ‘lce: (561) B42-3550
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model in this line
of switches is our
1P8T version, the
50S-2145 SMA
(1P2T & 1PAT are
also available). All
these switches are commercially
rated and are ideal for constructing
low-cost RF testbeds or automated
testing. The switches are controlled
with TTL control lines. The switches
can hot switch up to +26 dBm and
have a typical isolation of 55 dB at 8
GHz.

www.jfwindustries.com

JQL Technologies Corp.
Isolators and Circulators

JOL manufac-

tures surface-

A0 7 mount, mi-
@ crostrip, wave-
¢ guides, drop in

and coaxial isola-
tors and circulators up to 110 GHz.
JQL has innovative SMT designs in
5 and 7 mm for high-power applica-
tions up to Ka-Band. JQLs filters
have found an important spot in 5G
applications. JOL manufactures RF
filters in various topologies. The
Monoblock and Ceramic waveguide
filters have become the choice of
our customers for 5G systems.
When the requirement is high-pow-
er and low IMD, JQL has the solu-
tion.

www.jqltechnologies.com

Kratos/General Microwave
Corp.

mmWave Control Components
and Integrated Assemblies

General  Micro-
wave Corp. is a
key partner with
major OEMs and
primes,  having
been chosen for
our broad and comprehensive un-
derstanding of mmWave technolo-
gies. We offer catalog mmWave
phase and amplitude control mod-
ules, which includes IQ modulators,
phase shifters, switches, attenua-
tors, as well as custom integrated
assemblies operating in the 18 to 50

GHz frequency range. If it is a cata-
log unit or a highly customized
mmWave assembly designed spe-
cifically for your high performance
system needs, contact General Mi-
crowave.

www.kratosmed.com

Krytar
Directional Coupler
)VENDORVIEW

Model 264030 of-
fers 30 dB of nom-
inal coupling over
4 the frequency
d range of 26.5 to
400 GHz (Ka-
Band), in a compact and lightweight
package. The coupler lends itself to
wireless designs and many test and
measurement applications within Ka-
Band. Ka-Band is used for commer-
cial and military satcom. Frequency
sensitivity of +0.5 dB, insertion loss of
1.3 dB, directivity greater than 12 dB,
maximum VSWR is 1.7. Compact
package measures 1.12 (L) x 0.40 (W)
x 0.62 in. (H) and weighs 1.0 ounces.
Visit us during IMS at booth 1139.
www.krytar.com

Kuhne electronic GmbH
RF Power Meter

The KU PM BB
001800 A is a
cost-efficient  RF
power meter cov-
~ ering frequencies
from 10 MHz to 8
GHz. It utilizes two independent
channels with a dynamic range of 65
dB. The instrument can be operated
stand-alone or as data-logger for
monitoring applications. Readings
are displayed directly at the device
and can be recalled via ethernet.
Web interface, CSV-file-export and
configuration of the instrument are
realized using SNMP or HTTP
(JSON). PoE allows usage without
additional power-supply.
www.kuhne-electronic.de

KVG
1 GHz 0CXO0

To meet the increasing demand for
high frequency OCXOs with ultra-

MW]JOURNAL.COM m MAY 2022



= R

PRODUCT SHOWCASE

low phase noise
KVG’'s engineers
have developed a
1 GHz OCXO. Us-
ing the advantag-
es of a SC-cut
crystal-based os-
cillator stage in combination with
new analogue frequency multiplica-
tion, the OXCO provides tight tem-
perature stability and very good
long-term  stability. The 1 GHz
OCXO comes up with excellent
phase noise performance near the
carrier with better than -112 dBc/Hz
at 100 Hz as well as a very low noise
floor below -155 dBc/Hz.
www.kvg-gmbh.de

LadyBug Technologies

RF & Microwave Power Sensor

)VENDORVIEW

On display for
demonstration at

IMS2022  booth
2029, is Lady-

Bug's fully self-contained, thermally
stable, LB5944A True-RMS power
sensor. The sensor offers 44 GHz
frequency coverage with an 86 dB
dynamic range. Options 50 GHz.
Optional autonomous mode has
non-volatile storage for over 50 mil-
lion measurements. Once setup,
the sensor only requires power to
make and store accurate NIST trace-
able measurements with no power
meter or computer. Ask for a dem-
onstration of our exclusive Unat-
tended Operation at IMS2022.
www.ladybug-tech.com

Logus Microwave
Single and Ganged Waveguide
Switches

LOGUS WRD180

single and
ganged  wave-
guide  switches
operate  across

the full band of 18
to 40 GHz and deliver a maximum

VSWR of 1.30:1, insertion loss of
0.40 dB maximum (single)/ 0.80 dB
maximum (ganged) and a minimum
isolation of 50 dB. The switching
time is 50 ms typical and are avail-
able with Indicators, TTL compati-
ble and your voltage choice. This
Logus series can be completely
weatherized and also available from
WR10 through WR112 and double-
ridge WRD180 through WRD750.
www.logus.com

LPKF
Laser-based PCB Development
Systems

&

——i

LPKF's first ever
desktop  model
with the compact
tabletop format,
the LPKF Protola-
ser ST, can be
used in any labo-
ratory for processing materials from
FR4 to sensitive RF substrates. The
laser system achieves exact geom-

s O
Need Low-Power Mini turized! QOF ||C]
Rubidium Oscill tor for
your Applic tion?
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etries on almost any material and is
ideal for creating single or double-
sided circuit boards, antennas, fil-
ters and many applications where
precise, steep sidewalls are re-
quired.

www.lpkfusa.com

Marki Microwave
Chip-Scale Package (CSP)
Attenuator

Part of Marki Mi-
crowave's  high
performance CSP
lineup, the ATN-
0050CSP1 is a
surface-mount
GaAs MMIC attenuator featuring 10
dB attenuation from DC to 50 GHz
and an excellent 22 dB typical re-
turn loss over band. Its 1.5 x 1.5 mm
chip-scale packaging allows for ex-
treme miniaturization of the SMT
footprint, making it ideal for appli-
cations such as airborne, SWaP-C
and high channel count systems.
Two new MMIC equalizers are also
available on the same CSP platform:
the MEQ10-45CSP1 and MEQé-
26CSP1.
www.markimicrowave.com

Mercury Systems
Customizable RF SiP
_—

The new RFS1140
system-in-pack-
age (SiP) com-
bines 64 GSPS
data converters,
FPGA processing, memory and pow-
er in a single BGA package, lowering
system costs and complexity and en-
abling placement closer to the sensor
edge for reduced latency. Manufac-
tured in Mercury’s trusted onshore
DMEA-accredited facility, the RF SiP
directly supports Department of De-
fense requirements for critical state-
of-the-art microelectronics. By deliv-
ering the latest commercially devel-
oped integrated circuits for use in
radar, EW and 5G communications,
Mercury's SiP devices revolutionize
edge processing by maximizing per-
formance in a trusted, highly custom-
izable architecture.

Www.mrcy.com
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Mician GmbH
pWave Wizard Software

— Mician pWave
Wizard  software
products are
geared towards
rapid development of passive RF
components in aerospace and tele-
communications. Typical applica-
tions include horn and reflector an-
tennas, feed clusters, OMTs, polariz-
ers, circulators, waveguide and
combline filters, multiplexers, couplers
and more. Integrated COM/VBA inter-
faces support external control and
third-party add-ons. At IMS Mician will
preview pWave Wizard 2022 which is
due to be released later in 2022. The
new release comes with an all-new
user interface, new features and new
building block elements.
www.mician.com

MICIAN = -« -

HWave Wizard

Micro Lambda Wireless, Inc.
Programmable Attenuators

| Micro  Lambda
= 7 Wireless, Inc. of-
> ® 4 fers the MLAT-Se-
ries single chan-
nel programma-
ble attenuators,
ideal for a wide
range of test equipment applica-
tions. They provide 0 to 30 dB or O
to 60 dB attenuation in 0.5 dB steps
over the 10 MHz to 21 GHz frequen-
cy range. All attenuators are housed
in a compact package with SMA fe-
male RF connectors. Controlled via
USB or SPI, full software support
provided and optional temperature
ranges available.
www.microlambdawireless.com

Microwave Products Group
Thin Film Filters

Microwave Prod-
ucts Group offers
: a full range of thin
s/ Ailm filters cover-

' ing a frequency
range of 2 to 30 GHz, 2 to 40 per-
cent relative bandwidth and 1.5:1
VSWR. These products feature an
extremely small footprint and low
profile delivering the best size to
performance ratio combination.

These filters are available as band-
pass, lowpass, highpass, notch (band
reject), tunable and multiplexers
technologies and are ideally suited
for phased array radars, communica-
tion links, ESM receiver, UAVs and
military communication equipment.
Visit us at IMS at booth 6029.
www.klmicrowave.com

Millibox
Three-Axis mmWave/THz
Antenna Positioner

Modular in size,
GIMO5 possesses
a resolution down
to 0.001-degree
and an unprece-
dented 285-de-
gree field-of-
view, where the DUT as big as 15"
diagonal (38 cm) is unobstructed by
the positioner chassis itself. This al-
lows for very efficient and precise
radiation pattern captures and OTA
characterization,  especially ~ for
mmWave radar tests. GIMO5 con-
nects to USB with a Python control-
ler delivered in source for painless
instrument integration.
www.millibox.org

Morion
Miniature Rubidium Clocks

Morion’s RFS-
M102is a 10 MHz
rubidium  atomic
clock having daily
aging of +4E-12
and annual aging
of +5E-10; ADEV
is<5E-11at1sec, <2E-11 at 10 sec
and < 8E-12 at 100 sec. The unit
measures 51 x 51 x 25 mm and op-
erates from +12 V. The RFS-M120
has excellent temperature stability
of <+1E-10 (-40°C to +80°C) and is
available in SIN or LVCMOS output.
Retrace (24h ON — 6h OFF — 2h
ON) is <+5E-11.
www.morion-us.com
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 Sine wave outputs (+13dbm)

o Amplitude leveling

e Low additive phase noise
» High channel-to-channel isolation
 High return loss

FS730 and FS735 series ... starting at $1450 (u.s. ist)

7KHD 6 [TTIDRGH 6 [T KD+ ] BLVIULEXILRQMP S0L¢, HW I for other applications. Multiple units can be
from SRS provide state-of-the-art solutions to GDLV\ [EKDLQHGIRUHDV\[H[ SDQVLRQID
challenging signal distribution tasks.

Please visit www.thinkSRS.com for details.
7KHVHIGLWULEXHLRQMP S0L¢, HUVIXVHIDQIRSXITLPLIHUL]
design, which removes amplitude modulation from the
VLIQDOIBURYLGHVLZ [HGIDP SOLIXGHRXISXIVIDQGEIRFNVL 100
input noise. Virtually any 10 MHz waveform with a
duty cycle near 50% may be used as an input.

PPN 5 ) e e et A e
| degrade broadband
i nise, LTI 1 il

The FS735 model provides fourteen 10 MHz output
BNC connectors on the rear panel, with status indicators
on the front panel. The half-rack sized FS730 model
gives seven 10 MHz outputs and is available in both
bench-top and rack-mount forms.

B 0 A 1
| FS730/FS735uses
| alimitertgremove
| spursand maintain |
|__low noise. i

Single Sideband Phase Noise (dBc/Hz)
g
=

T
i 10 100 1000 10000 100000

= LIKIPL[ DQGP DHFKEDSDELILNIKHD) 6 [TTIHDQMDOVR ] Frequency Offset from Carrier (H2)
EHBRQ¢ JXUHGLZLIK LD +] D]]]ED"'] ([URDGEDQG] Additive phase noise in 10 MHz Distribution Amplifiers:
DQG[& O 26[ZRILFGLVILLEXILRQIDP S0L¢, HWILGHEN VIGH ] Limiter vs. AGC Designs

SRS Stanford ResearchSystems (408)744-9040

www.thinkSRS.com
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Mini-Circuits
USB-Connected VNA

Mini-Circuits’

e,q model  eVNA-
-5 w5 @ 63+ is a two-
port VNA with

frequency range of 300 kHz to 6
GHz. With test-port power from
-50 to +10 dBm and low trace
noise of typically 0.005 dB RMS,
the VNA achieves a dynamic range
of typically 132 dB. It has Type-N
female signal connectors and inte-
grated bias tees for active-device
measurements. The VNA operates
under USB-connected computer
control with included GUI and API
software, features electronic cali-
bration and performs time-domain
analysis.

Coaxial Amp

Mini-Circuits’
model ZHL-
2425-250+ SSPA
capable of 300
W (+54.8 dBm)
typical CW or pulsed output pow-
er across the ISM band from 2.4 to
2.5 GHz. It provides 42 dB typical
gain with 60 percent typical pow-
er-added efficiency (PAE) but mea-
sures just 6.750 x 2.20 x 0.80 in.
(171.450 x 55.880 x 20.320 mm)

with MCX input and N-type output
connectors. The rugged 50 O am-
plifier has simple TTL control and
draws 16 A at 32 VDC.

Coaxial Amplifier

ZVA-71863HP+
is a high-gain
coaxial amplifier
with 38 dB typi-
cal gain and +24
dBm typical sat-
urated  output
power from 71 to 86 GHz. It runs
on a single supply voltage, from
+10 to +15 VDC, drawing 490 mA
at +10 VDC. Well suited for 5G
networks, automotive radar, sat-
com and mmWave test systems,
the amplifier has internal circuitry
to protect against damage from
DC over-voltage and reverse volt-
age. It is equipped with 1.0 mm
female coaxial connectors.

Frequency Extender

Mini-Circuits’
model FX-30G-
RC is a frequen-
cy extender with
buffer amplifier
that provides output signals from
10 MHz to 30 GHz at levels to +20
dBm with +1 dB output power ac-

curacy. It forms a seamless inter-
face with the 15 GHz model SSG-
15G-RC signal generator, boosting
its frequency range to 30 GHz
while maintaining low harmonics
of -40 dBc and spurious content of
-70 dBc. It is simply controlled by
Ethernet or USB connection to an
external computer running FX
software.

Smart Sensor Reads
Mini-Circuits’
model PWR-
40PW-RC is an
advanced pow-
er sensor that
can  measure
peak and average power from -20
to +20 dBm across frequencies
from 500 MHz to 40 GHz. Its 10
MHz modulation bandwidth and
20 million samples/s sampling rate
aid power measurements of com-
plex modulation formats while a
30 MHz video bandwidth enables
power measurements of automatic
level control (ALC) circuits. The
power sensor, which includes full
software support, connects to an
external computer via Ethernet or
USB port.

\YJVENDORVIEW

www.minicircuits.com

888.712.2228 www.TotalTempTech.com

—==1otalTemp
= TECHNOLOGIES, INC.

The New Leaders in Benchtop Thermal Test Equipment.

By Conduction, Convection or both. Accessible testing and
accessible support before and after the sale. Award win-
ning Synergy controller

sales@TotalTempTech.com

-75°C Without Nitrogen
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Networks International Corp.
Thin Film Filters

NIC's engineering
“ expertise includes
—— .~ a specialty in thin
film filters that
span from 1 GHz
to 26 GHz. They offer a compact
package size with low profile of
< 0.08 inches. The filters also offer
high selectivity and out of band re-
jection of > 60 dB. Whether your
challenge is a small form factor,
high-power, tough electrical specifi-
cations or cost, NIC's unique prod-
ucts showcase a variety of creative
solutions for all of your radar and
communications needs.  Please
stop by booth #7014 for additional
information.
www.nickc.com

Norden Millimeter

Custom Transceivers
Y)VENDORVIEW
Norden designs
custom transceiv-
ers for military

and commercial
applications  in-
cluding airborne,
UAV and EW. They have “catalog”
models which provide wideband RF
and up to 1.5 GHz IF with low phase
noise. Norden can provide custom
designs which incorporate tempera-
ture compensation, variable gain
and meet military environmental re-
quirements. Norden also offers
models in a low SWaP 3U VPX mod-
ule which includes a built-in LO.
Norden engineers utilize proven de-
signs to provide low risk, cost-effec-
tive solutions.
www.nordengroup.com

Nxbeam Inc.
Ka-Band 25 W Power Amplifier

Nxbeam's NPA2003-FL is a GaN Ka-
Band high power amplifier in a high
performance leaded flange
package. The
part operates
from 27 to 31
GHz and provides
an average of 25

184

W saturated output power, 15 W of
linear power, 25 percent PAE and 23
dB of linear gain. The amplifier con-
sists of three independently biased
gain stages provided flexibility to
tailor linear power performance to

specific application needs.
www.nxbeam.com

Orolia
Miniaturized Rubidium Oscillator

The mRO-50 is
the latest break-
through low
SWaP-C Miniatur-
ized  Rubidium
Oscillator de-
signed by Orolia
to meet the latest commercial, mili-
tary and aerospace requirements
where time stability and power con-
sumption are critical. It provides a
one-day holdover below 1 ps and a
retrace below 1 x 10-10 in a form
factor (50.8 x 50.8 x 19.5 mm) that
takes up only 51 cc of volume and
consumes only 0.45 W of power, or
about 10x less than existing solu-
tions with similar capabilities.
www.orolia.com

Pasternack
5G RF Components
)VENDORVIEW

Pasternack offers
a large selection
of antennas that
operate in the
sub-6 GHz and
mmWave frequency bands for 5G
telecom and wireless applications.
These 5G cellular waveguide anten-
nas include standard gain horns,
conical horns, scalar feed horns, lens
horns and omni-directional antennas
with waveguide flanges. These high-
quality 5G waveguide antennas are
in stock and ready to ship today.
www.pasternack.com

Pickering Interfaces
Microwave Multiplexers

Pickering  Inter-
faces, the leading
supplier of signal
switching and

simulation solutions for electronic
test and verification, showcases its
range of microwave multiplexers
with a maximum frequency of 67
GHz in SP4T and SPé&T form factors.
The higher frequency PXI/PXle mul-
tiplexers (model 4x-785C) and LXI
multiplexers (models 60-800 and
60-803) maintain the same physical
dimensions as existing lower fre-
quency products, enabling users to
upgrade to 67 GHz products while
maintaining the same slot count/
rack height test systems.

www.pickeringtest.com

Piconics Inc.
Pure Gold Conical Inductors

100THS Piconics Inc. in’gro—
' duces a new line
of broadband
' conical inductors
1l utilizing 99.9 per-
| cent pure gold
wire. The Pure
Gold Broadband Conical Inductors
series offers enhanced reliability
when bonding to delicate metalliza-
tion structures while maintaining the
same performance as traditional
copper wire conical inductors. By uti-
lizing pure gold wire, designers avoid
the oxidation, corrosion and hard-
ness issues commonly associated
with copper wire bonds. Typical ap-
plications include bias tees, broad-
band ampilifiers, high speed switch-
es. Samples are currently available.
www.piconics.com

Pixus Technologies
OpenVPX & SOSA Aligned
Chassis Platforms

With expertise in
GRS 100 GbE+ h|gh
ﬁ speed  designs,
= , PR Pixus is the pre-
: haey$ micr solution for
. VITA66/67 Open-
s * VPX and SOSA
aligned solutions. Our enclosures
are renowned for superior cooling
and design quality. With a vast array
of COTS OpenVPX backplane pro-
files and MIL rugged enclosures,
Pixus can help you get started.
www.pixustechnologies.com

Ultra-High Speed &
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Push-On Single & Multiport
PCB Surface Mount Connectors

* Series: SMP, SMPM and SMPS
| d ea | W h en * Single, 2 port and 4 port configurations

Precision iS Key + High density, small form factor

* In stock through distribution!

S\JHICROWAVE

WWwWWw.svmicrowave.com
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Monopulse
Comparators
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MADE IN USA

50 Intervale Road, Boonton, NJ 07005
Tel: 973-394-1719 - Fax: 973-394-1710
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PPG Cuming Microwave
Corp.

Engineered Solutions for
Telecom and 5G Applications

Engineered solu-
tions for telecom
, and 5G applica-
%z tions, including
L~:' noise  suppres-
sion, resonance
elimination, passive intermodula-
tion problems and antenna side
lobe suppression; elastomeric, foam
and castable microwave absorbers,
standard and custom solutions
available. Ask about our new C-
SHIELD 685, a PIM reduction paint
for cell sites, rooftops and indoor
systems. Provides shielding from RF
test facilities, labs or wherever pro-
tection against RF energy is re-
quired. Visit us at booth #10044.
www.cumingmicrowave.com

PPI Systems Inc.

RapiTrim™

' PPl continues to
expand the range
of advanced fix-
turing and prob-
ing solutions for
its laser resistor
trimmers. The RapiTrim™ family of
products covers all trimming re-
quirements from thick film to thin
film to semiconductor wafers. PPI
offers turnkey solutions for all trim-
ming needs, from standard compo-
nent and circuit trim to complex ac-
tive-trim scenarios with custom fix-
turing. Manual loading, internal
stack loader, magazine loading or
custom automation are all available.
RapiTrim products are The Future of
Resistor Trimming™.
Www.ppisystems.com

Qorvo
2-Stage Power Amplifier Module
)VENDORVIEW
) The QPA3908 is
Qorvo an integrated
QPA3908 2-stage  power
amplifier module

ooy designed for mas-
sive MIMO appli-

cations with 8 W RMS at the device
output covering frequency range
from 3.7 to 3.98 GHz. The module is
50 Q input and output and requires
minimal external components. The
module is also compact and offers a
much smaller footprint than tradi-
tional discrete component solu-
tions. The QPA3908 incorporates a
driver and Doherty final stage deliv-
ering high power-added efficiency
for the entire module at 8 W aver-
age power.

WWW.qorvo.com

Quantic PMI
mmWave Products up to 65 GHz

JVENDORVIEW

Quantic PMI has
expanded  their
product offering
& with a variety of
[(#ehy A & new LNAs, digi-
-‘“%'Jﬁ %% tally-controlled
attenuators, high
power limiters, solid-state switches
(SPST to SP16T) that operate up to
65 GHz for 5G and mmWave mis-
sion-critical ~ applications.  Select
from standard designs or custom
products can be designed to meet
your most demanding electrical,
mechanical and environmental
specifications. Visit us at booth
#8080.
www.pmi-rf.com

Quarterwave

3U Rack-Mountable Amplifiers
4""‘7 The new 9103 se-
T, 4 ries is offered as

¢ 3U  rack-mount-
able amplifiers,

with standard models providing fre-
quency coverage of 2 to 8 GHz and
6.5 to 18 GHz, with output power
ratings of 300 W CW or 1.5 to 2 kW
pulsed. All of Quarterwave’s ampli-
fiers feature low noise, high PRF, op-
tional touch screen interface and are
fully customizable. Other models of
amplifiers are capable of covering
0.8 to 40 GHz, with an output rating

of up to 50 kW.
WWww.quarterwave.com
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Reactel Incorporated
Filters, Multiplexers and
Multifunction Assemblies

YVENDORVIEW

Celebrating its
43rd Anniversary,
Reactel will fea-
ture its full line of
filters, multiplex-
ers and multifunc-
tion assemblies covering up to 67
GHz at IMS2022. From small, light-
weight units suitable for flight or
portable systems to high-power
units capable of handling up to 25
kW, connectorized or surface-
mount, large or small quantities—
our talented engineers can design a
unit specifically for your application
and deliver quickly. Visit us in booth
9006 to discuss your requirements
and visit with our engineering team.
www.reactel.com

RelComm Technologies Inc.
Coaxial Relays

RelComm  Tech-
nologies, Inc. in-
troduces coaxial
relays to 40 GHz
configured  with
2.9 mm connec-
tors providing excellent RF perfor-
mance which are well suited for 5G
and other high frequency applica-
tions. Pictured here is our miniature
transfer switch that measures 1-inch
wide x 1.5 inches tall. The relay is
RoHS compliant. It is available in
failsafe or latching configurations
with 12 and 24 V DC operation.
Options include auxiliary position
indicators, splash proof sealed and
TTL controlled input.
www.relcommtech.com

Renesas
Phased Array Beamforming ICs

Renesas beam-
forming ICs en-
able cost-effec-
tive, next-genera-
tion system solutions for 5G, satcom
and radar applications. Each IC con-
tains multiple independently con-
trolled active channels for element-

MWJOURNAL.COM m MAY 2022

level beam pattern shaping in ESAs. e —

The compact devices are available in J%u%nal .I?ol\ll'll%%l\(’mcz(')VERAGE
planar BGA or QFN packages to real-
ize very low profile and small form fac- Be sure to check out

tor phased array antennas with \/2 mwijournal.com/ims2022 for

element spacing. Tx, Rx or TRx vari- all products featured
ants are shipping now and cover all of at this year’s

the common 5G and satcom frequen- IMS2022 in

cy bands.
WWWw.renesas.com Denver.

Lﬂff ]

CUSTOM APPLICATION:

Non-Blocking Switch Matrix Design

72 inputs and 32 outputs to configure RF environments for carrier end-to-end backhaul
and hand-over testing. Intuitive browser graphical user interface, easy to network and use
APl to support automated testing. Features include:

¢ solid-state reliability & repeatability ¢ modular line-replaceable active units

¢ hot-swappable redundant supplies * system health monitoring and reporting
e ultra-low operating power {<85 W) e ultra-quiet operation

* (0.7 to 6.0 GHz frequency ¢ insertion loss of 30 dB max.

What is your Requirement?

Custom Microwave Components, Inc.
www.customwave.com
info@customwave.com
Phone: (510) 651-3434
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NSI-MI Store
IS NOW OPEN

Shop online where
NSI-MI’s most common
antennas and accessories
are just a click away!

-

store.nsi-mi.com

RF-Lambda
300 W, 6 to 18 GHz, EMC Power Amplifier

RF-Lambda’s EMC/AC powered rack-mount amplifiers
offer UWB operation up to 100 GHz and 2 kW of output
= power. This 300 W, 6 to 18 GHz EMC power amplifier
sz provides 90 dB of gain and a typical Psat of 55 dBm.

Features include a large, easy to read LCD screen and a
digital control attenuator offering 31.5 dB attenuation range with an 0.5
dB step size. Applications range from military/aerospace, test and mea-
surement and 5G wireless communications.

400 W, 2 to 6 GHz, EMC Power Amplifier
RF-Lambda EMC/AC powered rack-mount amplifiers of-

fer UWB operation up to 100 GHz and 2 kW of output
power. This 400 W, 2 to 6 GHz, EMC power amplifier is
loaded with features such as temperature compensa-
tion, auto calibration, as well as over current, over tem-

perature and input overdrive protection. The unit also supports ethernet
control and monitoring. Applications range from military/aerospace, test
and measurement and 5G wireless communications.

Q-/V-/W-Band AC RF Amplifier

RF-Lambda EMC/AC powered rack-mount amplifiers of-
fer UWB operation up to 100 GHz and 2 kW of output
power. This Q-/V-/W-Band AC RF amplifier is loaded
with features such as a wide frequency range from 71 to
76 GHz, gain of 21.5 dB with a flatness of +1.5 dB. The

L ]

output power is 20 dBm typical. Applications range from military/aero-
space, test and measurement and 5G wireless communications.

AC Low Noise Amplifier

R

ment and 5G wireless communications.

Richardson RFPD
RF Front-Ends

Richardson RFPD
introduces Radio-
Carbon, frequen-
cy-specific RF
front-ends that in-
clude full Tx chain
with up to 45 dBm output and receiv-
er with as low as a 2.3 dB noise fig-
ure. These RadioCarbon RFFEs are
combined with the BytePipe, 0.03 to
6 GHz system on module (SoM) that
includes a highly integrated trans-
ceiver with DPD and FPGA. The SoM
can be mounted on the RFFE boards
and be used as a reference design,
evaluation board, prototyping plat-
form or for demonstration purposes.
www.Richardsonrfpd.com

RF-Lambda’s EMC/AC powered rack-mount amplifiers
offer UWB operation up to 100 GHz and 2 kW of output
power. This AC LNA covers 84 to 100 GHz, with gain of
16 dB and an output power of 1 dBm typical. Applica-
tions range from military/aerospace, test and measure-

www.rflambda.com

RLC Electronics
C-Band Cavity Filter

RLC Electronics announced the release
of our “Weightless,” é-gram, C-Band
cavity filter. Founded on high Q cavities
and engineered to
provide premium
RF  performance,
these new minia-
turized filters boast
low insertion loss (typically 0.6 dB maxi-
mum over operating temperature) and
excellent power handling capabilities,
up to 60 W cW. The filter pictured mea-
sures 0.8"x 0.46"x 0.46", utilizing GPO
connectors to save space and eliminate
the need for cables at the system level.
Custom options are available to 46
GHz.

www.rlcelectronics.com
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Maximize Precious Metal

Scrap Recoveries

ISO certified plant &
laboratory

* Fully insured and permitted
facility, ITAR compliant

* Can accept and process most
precious metal containing haz.
waste items

= Capability to treat high grade
and lower grade precious
metal bearing items

* Processes include: thermal
reduction, milling, screening,
blending, melting & shredding

= Payment flexibility: wire
transfers, physical metal &
pool account credits

* Pricing options
* Open transparent reporting

* Logistics assistance shipping

materials
Metals Recycled: Knowledgeable staff to ensure our clients
Gold, Silver, Platinum, Palladium, Rhodium, reclamation needs are met.

Ruthenium, Iridium and Copper.

Call us today to get the most out of your metal!
We supply 50 gallon drums or 5 gallon pails depending

on your material types and grades.

Professional Precious Metal Recovery

Corporate Office (401) 490-4555 Plant Operations (401) 762-0094 sales@gml.us www.qml.us
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RFMW
Revolutionary Ideal Switch™

\")VENDORVIEW

The MM5120 is a high-power DC to 18 GHz SPAT switch
built on Menlo Micro’s innovative technology. This ultra-
reliable switch, capable of handling greater than 25 W
with over 3 billion switching cycles, is perfect for replac-
ing large RF electromechanical relays. In RF/microwave

solid-state switching applications, where linearity, inser-
tion loss and high reliability are critical parameters, the MM5120’s low in-
sertion loss of 0.4 dB at 6 GHz and superior IIP3 of > 90 dBm makes this

switch the ideal solution.

Small Cell Amplifier for DPD Designs

Qonrvo '
QPA9909

The QPA9909 is a high efficiency, linearizable power am-
plifier targeting 758 to 798 MHz small cell wireless infra-
structure systems. The product delivers high efficiency
of 37.7 percent at +29 dBm average output power, while
providing excellent DPD linearized ACPR of -52 dBc for
signal bandwidths of up to 40 MHz. The QPA9909 is
housed ina 5 x 5 mm SMT package. It is pin-to-pin com-

patible to QPA9901, QPA9903, QPA9907, QPA9908, QAP9940 and

QPA9942.
Two-way Splitter/Combiner

MiniRF Inc. has extreme broadband splitters/combiners
for all your signal path needs. It covers 2 MHz to 3 GHz
with > 25 dB isolation between ports and excellent re-
turn loss in a small surface-mount package with a very
low profile (0.115 maximum). MiniRF offers both 50 Q
and 75 Q versions of the MRFSP8525 & MRFSP8725 in a

micro 0.150 x 0.150 footprint. Achieve consistency and
repeatability in your RF design with MiniRF “Passives with a Passion for

Performance.”

Rosenberger
Multiport-Mini-SMP
m‘ Rosenberger in-
!5’1 J troduces  Multi-
OO ort  Mini-SMP
% Eable assemblies
and PCB connec-
tors which can be mounted solder-
less on PCBs. The PCB connectors
offer superior signal integrity for all
kinds of PCBs and can be connect-
ed with Mini-SMP — RPC-2.92 cable
assembilies for frequencies DC to 40
GHz or with Mini-SMP — RPC-1.85
cable assemblies for frequencies up
to 65 GHz. The system is available
with eight or 16 channels. The mul-
tiport mini-SMP system is very cost-
effective—designed solderless,
easy to assemble by using screws.
Www.rosenberger.com
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Samtec
1.35 mm, 90 GHz Solutions

Samtec has re-
E leased a new

J\? family of
-

1=
%%&3 € mmWave prod-

ucts: 1.35 mm co-
axial connectors.
1.35 mm solutions are ideal for pre-
cision, high frequency E-Band appli-
cations to 90 GHz and offer a robust
mechanical design. Samtec’s 1.35
mm family of products include com-
pression mount board connectors
(135 Series: microstrip or stripline),
cable connectors (PRF13 Series)
and cable assemblies (RFO47-A Se-
ries). Samtec also offers board
launch optimization and personal-
ized RF and Signal Integrity support
for increased system performance.
wWww.samtec.com

|
Il

Signal Hound
Spectrum Analyzer and
Monitoring Receiver

_ Signal Hound's
SM435B, a high
performance spec-
trum analyzer and monitoring receiver,
will expand your reach into mmWave
spectrum analysis at an affordable
price point. Tuning from 100 kHz to
43.5 GHz, this next-generation SM-se-
ries analyzer has 160 MHz of instanta-
neous bandwidth,110 dB of dynamic
range, 1 THz/sec sweep speed at 30
kHz RBW (using Nuttall windowing),
ultra-low phase noise and PC connec-
tion via USB 3.0. The SM435B contin-
ues the Signal Hound tradition of unri-
valed value. Available for purchase
June 2022.

www.signalhound.com

Signal Microwave
Edge Launch Connector

Foek .= Signal Micro-
@t EWE-  wave's new line of
higher perfor-

mance edge launch connectors is
designed for the thinner substrates
used today. 1.15:17 maximum con-
nector VSWR through 40 GHz (23 dB
return loss). The data shown is for
two connectors on a 1 in. 8 mil
RO4003 substrate with an FR-4 back-
er. The new design of the connector
is intended for substrate thicknesses
between 5 to 10 mils (0.005" -
0.010"), (0.127 to 0.254 mm).

www.signalmicrowave.com

SignalCore Inc.
Signal Synthesizers

-5 The SC801A and
-~  SCB802A fully inte-
grated broad-
band CW signal synthesizers are the
smallest in their class with the best
phase noise on the market. Their
miniature  surface-mountable pack-
age measures only 2.75" x 1.75" x
0.31". The SC801A frequency range
is 625 MHz to 10 GHz, while the
SC802A range is from 1.25 to 20 GHz,
both tuning at 1 mHz resolution with
typical phase noise < -115 dBc/Hz at
10 kHz offset of a 10 GHz signal.
www.signalcore.com
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Smiths Interconnect
TSX High Frequency Surface
Mountable Chip Attenuators

JVENDORVIEW
o\ Smiths Intercon-
_ » ? nect’s TSX fixed
o a chip  attenuator
series is designed
to offer excellent broadband perfor-
mance up to 50 GHz, while deliver-
ing increased power handling in a
small 0604 surface-mount package.
It allows wider coverage than tradi-
tional components while providing
optimized return loss for multiple
frequency ranges. This allows the
customer to use a single chip in
multiple applications, reducing the
bill of material item count and con-

sequently, the cost of ownership.
www.smithsinterconnect.com

2G, 3G, 4G,
1'Platform;

)

Southwest Microwave
SuperMini Board-to-Board
Solutions

- Southwest Micro-
% wave's SuperMini
@ e L. ““ Board-to-Board
- (SSBB) solutions
are ultra-high fre-
quency, miniaturized push-on blind-
mate connectors for high density
PCB interface. The SSBB product
line features advanced bullet and
receptacle designs, accommodat-
ing misalignment of up to 10 mils
axial or £10 degrees radial with no
performance degradation. The
unique construction of the bullets
extends mating and de-mating cy-
cles and enables board-to-board
spacing as close as 3 mm. Configu-

rations include stacking, edge-
mount, backplane and front panel
applications.

www.southwestmicrowave.com

K-Band Quad Space nanoMPM®

Stellant Systems’
K-Band Quad
Space nano-
MPM® is a state-
of-the-art RF
power amplifier
for use in satellite
downlink applications, specifically
designed to enable the next gener-
ation of software-defined satellites
utilizing phased array antennas for
increased flexibility while on-orbit.
This product delivers the ultimate
performance by leveraging the best
of solid-state and TWT vacuum
technology. Utilizing a high-gain
pre-distortion solid-state linearizer,
wideband  high-power mini-TWT
and proprietary compact nano-
MPM® EPC designs, the B3400H
series bridges the gap between
solid-state amplifiers and traditional
space LCTWTAs.
www.stellantsystems.com

5G

Advanced Technology
H20HPIF SanamlIC’ s latest GaAs HBT
= procesSitechnology which meets high
¥ linediyd requirements in wireless
B communication applications such as
SGINRHPUE.

R

www.sanan-ic.com

Thanks to over 20 years of innovation in compound
semiconductors, Sanan IC brings large-scale fabrication
capacity,  cutting-edge technologies, experienced
engineers and comprehensive support to provide
customers with GaAs wafer foundry services with
unparalleled reliability.

@ SananIC

IAFT 16949:2016 /1SO 9001:2015 /1SO 27001:2013

USA 408 708 8000 HQ 0086 592 6300 505
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SV Microwave
75 QO D38999 Circular RF
Cable Assemblies

/ ~ SV Microwave has
e / just released a
“ 4¥ ¢ line of high per

Y ¢ formance 75 Q
- D38999 circular
— SME R cable assem-
blies. High performance true 75 Q
video connections are critical when
high-definition video feeds from
camera to receivers are needed. Un-
like many video cables which use 75
Q) cables and standard 50 Q) connec-
tors, SV's D38999 contacts have a
true 75 Q impedance construction,
which assures a high fidelity signal
in 3G SDI, 4K and 8K video feeds.
Now in stock through distribution:
https://bit.ly/3NxYnXI.
WWW.Svmicrowave.com

Taitien USA
NK-H Type 0CX0

The Taitien NK-H type offers big

<T>TAITIEN
The NN Series - Mini OCXO

+ Mini SMD package, 9.7 x 7.5 mm

« Stratum 3E compliant

» Frequency range: 10 to 40 MHz
« Temp stability: As low as +5 ppb

- Low Power : less than 0.3 W

- 3.3V and 5.0 V options available

The NN series provides excellent

stability and superior phase noise from
the Taitien Patented Formosa ASIC.
The small size is is ideal for network

switches. small cell base stations,

OCXO performance in a small 14 x
9 mm package. Available from 10
MHz to 40 MHz,

K,{é;; the 6-pin Hermet-
%) ic SMT package is
ideal for outdoor

applications such

as small cell and IEEE-1588. With ex-
cellent long-term aging the stability
isaslow as +10 ppb (-40°C to +85°C).
The phase noise is <-145 dBc at 100
Hz and <-160 dBc at the floor.
www.taitien.com

Tecdia Inc.
Dielectric Varactor

Made with a

unique  tunable
dielectric, ideal
for phase shifters,

VCQO's, tunable fil-
ters and tunable matching networks
with high linearity requirements.
The dielectric maintains a low ESR,
even up at mmWave frequencies.
These varactors maintain microsec-
ond level switching speed and are

Taitien Electronics Co.,LTD
www.taitien.com

I
I
\

SyncE, & IEEE 1588 PTP applications =~ = * &=

192

+886-2-2686-1287

sales@taitien.com.tw

SMT compatible. Tecdia has a range
of capacitance values and form fac-
tors that are available for samples
upon request.

www.tecdia.com

Transline Technology Inc.
Prmted Clrcmt Boards

= Transline Technol-
ogy Inc. is a man-
. ufacturer of RF/
- microwave,  hy-
brld and standard PCBs, ﬂex and
rigid-flex PCB,  photo-chemical
etching, metal etching and large
PCBs. ISO 9001:2015, AS9100D
and SDB 8(a) Certified ITAR regis-
tered and UL listed.
www.translinetech.com

WavePro®
Low Loss RF Dielectric for
Antennas

N Materials science
WS %) and manufactur-
L hadw— s, ing  innovation

can help you de-
sign better antennas. Our made-to-
order dielectric introduces new pos-
sibilities. Reduce antenna size with a
high dielectric constant material (Dk
= 12+), improve antenna efficiency
with a low Dk 2.5, or increase band-
width with a thicker material. Wave-
Pro® is available in flat panels up to
375 mil thick, conformal surfaces
and 3D shapes. Take your antenna
design to the next level. Get started
at Waveproantenna.com.
WWWw.waveproantenna.com

Wenzel Associates Inc.
VPX Card Assembly Frequency
Sources

Wenzel  Associ-
ates’ offers card
assemblies in VPX
SOSA  compliant
form factors as
well as other plat-
forms to provide
low phase noise performance at fre-
quencies up to 16 GHz for opera-
tion in static and demanding dy-
namic environments. Each card as-
sembly is comprised of an
industry-leading  ultra-low  noise
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ovenized crystal oscillator (hard
mounted or vibration isolated), fre-
quency conversion circuits and oth-
er hardware mounted or integrated
on a specified card assembly to pro-
vide a high performance frequency
source with unparalleled phase
noise performance.

www.wenzel.com

West-Bond
7KF Bonder

The 7KF bonder
with our new 7"
capacitive  touch
sensing LCD dis-
played is designed
with a gantry style chassis enabling
unlimited part size capacity. Our ex-
clusive 8:1 ratio, purely orthogonal X-
Y-Z Micromanipulator allows the op-
erator to place bonds very precisely,
and is convertible between ball bond-
ing and wedge bonding, presenting
bond wire at both 45 degrees and 90
degrees for deep access and ribbon

bonding capabilities is an excellent
tool for RF, microwave, semiconduc-
tor, hybrid and medical device fields
applications.

www.westbond.com

Wolfspeed
Enabling S-Band Long-Pulse
Performance

The Wolfspeed CGHV35400F1 has
been upgraded for long-pulse S-
Band applications and offers supe-
rior drain efficiency. It is a GaN IM

FET, matched to 50 Q, operating
from 2.9 to 3.5 GHz. At 50 V, it can
deliver > 500 W

> {! output power un-

der long pulse

conditions of 2

mS pulse width at

20 percent duty

cycle. Wolfspeed continues to ad-
dress the high performance needs
of the aerospace and defense in-
dustry with products supporting

wider pulse conditions up through
CW. Learn more at booth 2060.
www.wolfspeed.com

Z-Communications
Smart PLL Signal Generator

The new Smart
PLL series from Z-
Communications
is a line of pro-
grammable signal
generators  pro-
viding both versatility and high per-
formance for equipment operators
looking for quick and adaptable so-
lutions. The units are available in
several frequency ranges, like the
SSG3400, covering the C-Band
from 3.3 to 4.2 GHz. Multiple func-
tions like frequency, output power,
step size and sweep mode are con-
trolled through a mobile app, or PC
via USB connection. An internal 100
MHz reference or external reference
connection add to the versatility.
WWWw.zcomm.com

- Ceramic Capacitors

- Inductors, Bead Inductors, Common Made C oke Coils
- Multylayer Ceramic Filters, FBAR/SAW Devices

- Power Storage Devices

- Aluminum Electrolytic Capacitors

ttp://www.t-yuden.com
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NEW PRODUCTS

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

3H Communication Systems
Microwave and RF Filter Products

Microwave and RF
filter products from
DC to 50 GHz, Type:
BPF, LPF, HPF, BRF,
multiplexer and

e | high-power products
up to 30 kW. 3H
offers low profile
packages starting at < 0.065, available with
connectors and SMT, Mil-Std-202 conditions.
All backed by 3H’s five-year warranty.
www.3hcommunicationsystems.com

Accel-RF Instruments
AARTS Platform

Key design features
of the industry
standard Accel-RF
AARTS platform have
been redeployed to
provide a precise,
economical HTRB
tester solution. The modular, adaptable
configuration allows testing of any semicon-
ductor technology in various package types
using world-class fixturing techniques.
Precision-controlled heater elements are used
rather than an oven-based approach to provide
more finite temperature resolution and greater
test flexibility. Multi-channel test drawers stack
within a rack to provide maximum channel
density with minimal lab footprint.
www.accelrf.com

Besser Associates Inc.
RF Technology Certification

RF Technology
Certification is an

BESSER online course
Il ASSOCIATES® designed for

professionals who
need a solid background in RF and wireless
technology and products. The four-part
program provides the student with a
thorough understanding of RF analytical
tools, communication signals, RF devices
and test instruments. The program was
developed by Besser Associates, a
worldwide leader in RF and wireless training.
www.besserassociates.com

Coilcraft
Chip Inductors

= Measuring just 0.47 x
0.28 x 0.35 mm,
Coilcraft 016008C
Series chip inductors
are the smallest

‘«ﬁ\ wire-wound chip

inductors in the world.

Nt
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They are offered in 36 inductance values
from 0.45 to 24 nH and feature up to 40
percent higher Q factors than the best
thin-film counterparts. High Q is required to
minimize insertion loss in RF antenna
impedance matching circuits, making the
016008C Series ideal for high frequency
applications such as cell phones, wearable
devices and LTE or 5G loT networks.
www.coilcraft.com

COMSOL Inc.

Multiphysics® Version 6.0

COMSOL Multiphys-
ics® version 6.0 and
the add-on RF Module
offer new functionality
for the design of
microwave and
mmWave devices. A
computationally
efficient boundary element method speeds
up the simulation of scattering problems
such as an antenna placed on a large
platform. The RF Adaptive Mesh study step
simplifies model setup of antennas and
circuits by finding optimal mesh for PCBs.
The Model Manager—a new platform
feature fully integrated with the Model
Builder and Application Builder in COMSOL
Multiphysics®—enables data management
and collaboration including version control,
advanced search and efficient storage of
models and apps.

www.comsol.com

COMTECH PST
GaN Amplifier

COMTECH PST
introduces a new GaN
amplifier for ground or
surface X-Band radar
applications for 9.2 to
9.7 GHz over an instantaneous bandwidth of
500 MHz. Development of this product is for
a TWT Replacement. The amplifier design
features self-protection for load VSWR, duty
factor, pulse width and temperature. This
solid-state power amplifier (SSPA) increases
MTBF 10x compared to TWTs, resulting in
lower overall costs. Comtech supports
custom configurations and features are
available as well as specific power levels up
to 16 kW.
www.comtechpst.com

Cosmic Microwave Technology, Inc.
SiGe Low Noise Cryogenic Amplifier

The CITLF3 is a Silicon Germanium (SiGe)
low noise cryogenic amplifier, intended

for radio astronomy and quantum physics
applications. The amplifier achieves an
average noise temperature of 4 K (0.06 dB)

cooled to a physical

temperature of 12 K
"-7 or less. Gain is 33 dB
and the input/output
return losses are less
than -10 dB. Typical
supply voltage is 2 V
at 13 mA.
www.cosmicmicrowavetechnology.com

?- .. over a frequency range
) of 0.01 to 4 GHz when

CTT Inc.
Solid-State 40 W GaN PA

CTT's GaN-based
SSPA offers frequency
coverage of 3to 18
GHz with 40 W of CW
power output. The
compact size of
Model AGX/180-4656, 5.16 (L) x 4.9 (W) x
0.28 (H) in. gives RF/microwave designers
an excellent choice for multi-band SWaP-C
solutions in many applications, including
electronic warfare (EW) jammers, radar and
for transmit power in military and commer-
cial multi-band satcom terminals. Systems
can benefit from improvements in: reduced
size and weight, higher efficiency, wider
bandwidth, reduced cost and system power
efficiency.

www.cttinc.com

=

Electromagnetic Technologies

Industries
Multibeam Antenna System

JVENDORVIEW

T e B TR iy Bl fe T Thie Ml Nk Sk T M ToRer M i
Y

A cost-efficient multibeam antenna system
that requires no external electricity or
software input to operate is provided by ET
Industries. Depending on the model, up to
32 beams can be achieved. Each beam
multiplies and repeats the total available
spectrum, thus, increasing the available
data throughput. Live results for a four-beam
antenna system are presented in the figure
showing quadrupling of data rates for an
urban environment with a population of 3
million. Frequency reuse eliminates costly
purchases of additional spectrum.
www.etiworld.com
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NewProducts

Exceed Microwave
Passive Components

YVENDORVIEW

Exceed Microwave provides custom high
%, performance passive microwave component
' " . designs up to 110 GHz for defense, space
and commercial applications. Exceed
Microwave is AS9100 certified and ITAR
registered, providing high-quality, high performance passive
components. Exceed provides various types of designs, each with
its own unique values and are designed and made in U.S. Many of
Exceed’s designs offer extremely high Q factor, allowing very low
insertion loss and high-power handling.
www.exceedmicrowave.com

Exodus Advanced Communications
Solid-State Amplifier
)VENDORVIEW

Exodus AMP2085P-LC is a robust 2 to 8 GHz,
500 W pulse/CW amplifier. The perfect
replacement for aging TWT amplifiers. Ideal
for commercial EMC/EMI lab applications,
automotive pulse/radar tests and Mil-Std
461. Up to 100 percent duty cycles, 57 dB
minimum gain, outstanding pulse fidelity, monitoring parameters for
forward/reflected power in Watts and dBm, VSWR, voltage, current,
temperature sensing for unprecedented reliability and ruggedness in
a compact 7U chassis of 12.25 (H) x 19 (W) x 29 (D) in. nominally
90 Ibs.

www.exoduscomm.com

S m
SignalCore

PRESERVING SIGNAL INTEGRITY

40 GHz RF Downconverter

e 20GHzto 40 GHz

¢ Internal Local Oscillator

e PN-110dBc/Hz @ 10 kHz @ 20 GHz
e |nputIP3>10dBm

e BW 2 GHz

re
—
[ vvod 8 bty i
L A Q = awn
e, f
e, |
SCRazan |

Compact. Versatile.

www.signalcore.com High Performance.

196

Fairview Microwave
Fairview Microwave now offers waveguide
;:‘.'-Ts... GHz. These products are available in
requirements. All of Fairview’s products are

Fixed Waveguide Attenuators
)VENDORVIEW
fixed attenuators that consist of 30 models
with operating frequency range up to 110
: * 2.4 waveguide sizes from WR-10 to WR-28 with
~'. | .’-‘\ * UG style cover flanges. They offer excellent RF
5, performances to meet diverse application
available in-stock and same-day shipping.
www.fairviewmicrowave.com

GeoSync Microwave Inc.
C-Band LNA Series

... AC-Band LNA incorporating a high rejection
e +filter blocking 5G signals is now available

we ... from GeoSync Microwave. The series of five
models offers the flexibility to choose either
the full 3.4 to 4.8 GHz range as the passband
or four other models with narrower pass-

bands, such as 3.7 to 4.2 GHz. Sharp rejection of -65 dB at 100

MHz off the edge of the passband is nominal for all models.

www.geosyncmicrowave.com

oS !

e

Impulse Technologies
Lens Horn Antenna

Anteral’s Lens Horn Antennas are conical horn
antennas with a plano-convex Teflon (PTFE)
lens added in the aperture, in order to apply
phase correction and achieve superior
performance with minimum size. They are
designed to cover the frequency range of 8 to
170 GHz in 11 bands with 30 dB nominal mid-band gain. Anteral optimizes
all designs to show not only high gain, but also low VSWR (< 1.3) and low
side lobes. Custom bands and gain values can be requested.
www.impulse-tech.com

Information Systems Laboratories
Virtual RF HIL Flight Testing

ISL’s real-time hardware-in-the-loop (HIL)
RTEMES® system enables for the first time,
virtual flight testing of advanced RF systems for
radar, ELINT and EW applications. It supports
multi-channel RF systems from VHF to Ku-Band
and is based on a cost-effective digital COTS
transceiver/FPGA architecture. RTEMES® is
designed to seamlessly integrate with ISL's RFView® RF digital
engineering tools including high-fidelity, physics-based modeling and
simulation. As such, far more extensive and stressful testing can be
performed on the actual flight hardware than what is possible in
traditional range testing.

www.islinc.com

INGUN
Test Probes, Test Fixture Kits and Accessories

INGUN is a worldwide leading manufacturer of
test probes, test fixture kits and accessories for
the quality assurance of electrical and electronic
products.

www.ingun.com/en-GB

Knowles

RF Filtering

. The Knowles DLI brand continues to expand
its RF Filtering options with newly acquired
lumped element and ceramic resonator filters
to go alongside its SMD high frequency
microstrip filters. The company’s filters offer
stable performance over a wide temperature

4€ Kknowiles
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VISIT ERAVANT PROXI-FLANGE™

IN DENVER! ACCURATE & REPEATABLE RESULTS | 18 to 220 GHz

ERAVANT

FORMERLY SAGE MILLIMETER

See the Wave-Glide™

A P - SAGE Millimeteris now Eravant, a change that renews our commitment to the millimeterwave
and Proxi-Flange

industry. Since 2011, we have been delivering quality products and energizing the customer

demonstrated live experience to meet the needs of RF engineers working on the technology of the future.
along with Eravant

VNA extenders and
calibration kit!

Scan the code to view
the show schedule
and set-up a meeting
with one of our team
members.

The Proxi-Flange™ is constructed with a special waveguide flange populated with an array of
small pin-like structures to realize RF choking actions. The Proxi-Flange™ avoids the problem
of poor return loss and high insertion loss caused by imperfect contact when two waveguide
flanges are mated.

Captive screws in conventional waveguide test sets can cause cocking issues when they are
tightened unevenly. Common results include poor measurement consistency and accelerated
test port damage. Proxi-Flange™ eliminates the need for waveguide screws, improving test
set performance and durability while increasing measurement speed.

WHY PROXI-FLANGE™?

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

Adapters « Amplifiers « Antenna Feeds ¢ Antennas ¢ Attenuators ¢ Bias Tees ¢ Cable Assemblies e Corner Reflectors e

» = g —

AVANT.COM | L -”@ B | Couplers » DC Blocks ¢ Detectors e Ferrite Devices o Filters e Frequency Converters » Frequency Multipliers o Limiters » Magic
om 501 Amapola Avenue Torrance, CA 90501 Tees ® Mixers  Noise Sources ¢ Oscillators ® Phase Shifters ¢ Power Dividers  Radar Sensors ¢ Subassemblies ¢ Switches ¢

8 F: 424-757-0188 support@eravant.com Termination Loads e Test Equipment o Test Hardware & Accessories ® TX/RX Modules ¢ Uni-Guide™ ¢ Waveguide Sections



NewProducts

range, -55°C to 125°C, and are rigorously
tested to ensure the highest standards.
Whether you're changing to higher frequen-
cies or looking to reduce footprint and
weight, Knowles has a solution!
www.knowles.com

MCV Microwave
Exact Shape Ceramic Filters

MCV Microwave, a
leader in high Q
dielectric resonator,
substrate and filter, is
offering high
performance exact
shape ceramic filters
to space, aerospace, defense and military
industries. These bandpass filters maintain
exact shape with matched delay over a wide
frequency range in the same footprint. A
typical filter exhibits low passband insertion
loss, exact 6 dBc bandwidth of < 100 MHz
and 60 dBc bandwidth of < 250 MHz from
650 MHz to 1250 MHz in a low profile
package of 0.55 x 0.4 x 0.118 in. MCV
also offers a series of band reject filters
from UHF to GPS frequency.
www.mcv-microwave.com

M Wave Design
C-Band Isolator

The 187IR1203 is a
C-Band isolator rated
at 320 kW peak and a
320 kW average
designed to protect
high-power tube
amplifiers.
www.mwavedesign.com

Narda Safety Test Solutions

SignalShark
J/)VENDORVIEW
RN : Narda Safety Test
& Solutions extends the
spectrum of applica-

# tions for its Sig-
nalShark with
functions for
broadband mobile signal monitoring and
real-time analysis. Therefore, Narda
collaborates with PROCITEC, the specialist
for software-based signal processing. The
aim was a perfect measurement system for
land, sea and air-based wireless communi-
cation systems. The combination of the
robust yet highly sensitive real-time receiver,
and the go2MONITOR software defines
state-of-the-art in mobile automatic radio
signal monitoring and evaluation units.
www.narda-sts.com/en

OEwaves

Phase Noise Analyzer

OEwaves OES000W HI-Q® W-Band phase
noise analyzer offers ultra-low phase noise
floor < -150 dBc/Hz extending across 40 to

110 GHz frequency range. This homodyne-
based system is unique in wide mmWave

198

band measurement without
requiring another low noise
reference source or external
mixer, as required in
conventional approaches.
The system operates with
ease, speed and precision
using a simple graphic user
interface via a notebook PC. The OESOOOW
features cross-correlation, residual phase
noise and AM noise measurement among
other upgrades and options.
www.oewaves.com

oML

Portable Compact Signal Generator
Module

OML introduces the
new SxxMPS Series
compact version of its
mmWave frequency
extender for signal
generators. The new,
compact S12MPS
multiplier signal
generator covering 60 to 90 GHz is only
2.12 (L) x 1.64 (H) x 3.72 (W) in. and can
be powered via USB 2.0 power port. This
innovative small compact design module is
targeted for portable field applications and
is fully compatible with Keysight FieldFox
analyzers. Contact OML for more details.
www.omlinc.com

Pulse Genex
Pulse Generator

Pulse Genex
announces its new
mid-cost range pulse
generator. Its
engineers were tired
of the over-complicat-
ed user interfaces on
other pulse generators so Pulse Genex
came up with the Bulldog. It is designed for
ease of use and offers four-channel output,
ModBus communication and user-defined
fault limits to protect your equipment. It
generates pulses with programmable
relative timing and is capable of remote
operation with a provided graphic user
interface. The Bulldog is available in both
benchtop and rackmount models.
www.pulsegenex.com

Remcom
XFdtd®3D EM Simulation Software

JVENDORVIEW

XFdtd®3D EM

simulation software

features a new

schematic editor and
frequency-domain circuit solver, enabling
advanced antenna matching network and
corporate feed network analyses, including
multi-state and multi-port devices. Various use
cases that the schematic editor supports
include simple pi or T matching networks,
multi-state and multi-port aperture or impedance
tuners and corporate feed networks with digital
phase shifters. With the ability to connect to
multiple fullwave simulations, XFdtd reveals
operating modes for different frequency bands
and physical configurations.
www.remcom.com

Rigol
Digital Oscilloscope

RIGOL's most
powerful oscilloscope
ever—StationMax
DS70000 is available
in 3 or 5 GHz
bandwidths, four
channels, 20 GSa/sec sampling, 1 million
wfms/sec, 2 Gpts memory depth and
high-resolution measurements to 16 bits.
DS70000 provides outstanding perfor-
mance, speed and analysis with a complete-
ly new interface designed for the 15.6”
multi-touch display. Powerful analysis
capabilities include real-time spectrum
analysis, EMI debugging and multi-domain
analysis, eye diagram and jitter analysis.
www.rigolna.com

Sanan-IC
The H20HP12 Process

Sanan-IC has
released its latest
GaAs HBT technology
called the H20HP12
process which meets
high linearity
requirements in wireless communication
applications such as 5G NR HPUE. Excellent
PA performance can be obtained together
with outstanding harmonic suppression and
higher delivered linear power. Its epitaxial
structure, developed and manufactured
in-house, exhibits lower Vg (offset) and
lower Vyee ON its -V curve.
www.sanan-ic.com

Spacek Labs
Ka-Band Power Amplifier

This compact
high-power amplifier,
SP352-25 to 38 W, is
designed for use from
32 to 38 GHz. 100

Il nSec switching speed
is controlled using
TTL. Saturated output
power is 6 to 7 W typical, ideally suited for
communication and radar applications.
Nominal gain is 35 dB with VSWR less than
2:1 at both ports. Bias voltage is +8 VDC with
4.5A quiescent current, 8A at saturated output.
Switching speed shown; 100 nSec includes
propagation delay of trigger cabling. (Blue =
trigger, yellow = detected output power).
www.spaceklabs.com

Special Hermetic Products Inc.
Hermetic Seals

Y)VENDORVIEW
1 " W Special Hermetic

i 8 Products Inc. (SHP)
products set you on
the path to ZERO failures. SHP is unmatched in
its breadth of standard products and applica-
tion knowledge in the hermetic packaging area.
Since the company designs and manufactures
every type of glass sealed product and the
packages in which they are used, as well as
direct-glassed packages in various materials,
SHP is in the unique position of offering
essentially all possible solutions.
www.shp-seals.com
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Filtering Solutions for 5G C-Band
Interference in Radar Altimeter Receivers
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NewProducts

Spectrum Instrumentation GmbH
Next-Generation PCle Digitizers

\‘!‘_/\/ENDORVIEW

Two new digitizer cards from Spectrum
Instrumentation raise the standard of
PC-based instrumentation performance. The
cards are capable of streaming acquired data
over the PCle bus at an impressive 12.8
GB/s—nearly 2x as fast as any other PCle digitizer currently on the
market. It means they can continuously run at their maximum
sampling rate of 6.4 GS/s, with 12-bit resolution, streaming this
massive data to CPUs or CUDA GPUs for real-time processing.
www.spectrum-instrumentation.com

Synergy Microwave Corp.
Bi-Directional Couplers

Explore the specifications of Synergy’s SBCHR
zﬁ SCCHP and SDCHP surface-mount, high
directivity, bi-directional couplers. These are an
‘r ) asset for monitoring power on antenna ports or
v 7 sampling power in feed-forward amplifiers. These
cover the combined frequency range between 10
to 820 MHz, with coupling values of 11, 15, 18 and 20 dB and with input
power ratings of 25 to 100 W, depending on the model. Available in
package sizes of 0.375 x 0.5 x 0.275 in. and 0.94 x 0.94 x 0.4 in.
www.synergymwave.com

Taiyo Yuden USA Inc.
High Q Capacitors

224 TAIYO YUDEN'’s High Q capacitors, MSAR and
MBAR series, provide an excellent perfor-
mance of low dielectric loss, low-power
dissipation and better efficiency compared
with standard MLCCs. They have copper inner
electrodes, which realize superior Q factor
with low ESR. Remarkably, the company’s High
Q MLCC lineup is designed for RF module applications: MSAR series is
the best suited for mobile communication devices including smart-
phones and tablets, MBAR series is ideal for high reliability RF market,
including base stations, telecommunication networks and more.
www.t-yuden.com

Tamagawa Electronics
Up-/Down-Converter Module

Tamagawa Electronics has developed a
multi-channel mmWave up- and down-convert-
er module for prototyping and testing 5G
beamforming. The MMCX module covers 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 beamform-
ing are used to create the beams, and both can be used simultane-
ously. The analog beamforming module controls from four to 32
systems, and the digital beamforming module supports up to eight.
www.tmeleus.com

TotalTemp Technologies
Thermal Platforms and Chambers

TotalTemp offers new products and features to
elevate your testing. Its thermal platforms and cham-
bers always help you get the job done efficiently. And
ynow: cloud storage technology. Circle-chart recorders

and manual plots are history, your test results can be
most effectively reported, stored, emailed PDF or sent
to network printers or the Synergy Server. Plus, space
simulation chambers. The advantages of thermal
platforms are a natural fit for conductive heat transfer
testing in high vacuum applications. 70°C to +175°C, 1x10% Torr.
www.TotalTempTech.com
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Wenteq Microwave
Low Noise Amplifier

Model ABL1800-01-3330DP

is @ SMA connectorized low

noise amplifier offering 33 dB

linear gain and 3 dB typical

noise figure over the frequency
range from 0.1 to 18 GHz with input over drive
protection. The amplifier requires a single DC
power supply and can operate from +12 V. The
package size of the amplifier is 1.5 x 1.0 x 0.4 in.
www.wenteq.com

Wilson Electronics
Network 257

—

Extend and strength-
en high band 5G
coverage outside with
WilsonPro’s innovative
Network 257. Using

4 dielectric waveguide
antennas to efficiently optimize mmWave
5G, Network 257 supports donor or service
beamwidths, from 8 to 45 degrees. This
flexibility allows for the dual-polarized units
to maximize non-line-of-sight coverage,
eliminate coverage gaps and redirect 5G on
the edge of service. The ideal repeater for
amplifying mmWave, the Network 257 is
cost-effective, efficient and rapid-to-deploy.
www.wilsonelectronics.com

Wright Technologies
1 to 20 GHz Series Amplifiers

i The newly released

ET 50 ceal?
@amna.mu
- S 010 ot

ASL20B series
iy, D8 amplifiers feature
extended frequency
operation. The ASL20B series products
consist of gain blocks with +20, +30 and
+40 dB. The noise figure levels are +2 dB
typical and +2.7 dB maximum out to 20 GHz.
The output P-1dB is +21 dBm typical and
+18 dBm minimum 1 to 20 GHz. Like all WT
products the ASL20B series amplifiers are
battle tested and backed with the four-year
warranty program. This type of service can
give customers the support they need for
long term uses reducing costly replacements.
All WT products are RoHS compliant and
burn-in tested for 48 hours at +50°C.
www.wrighttec.com

Wiirth Elektronik
Proteus-IlI-SPI

Wurth Elektronik
presents the Bluetooth
low energy 5.1 module
Proteus-ll-SPI. The
module, measuring only 8 x 12 x 2 mm, with a
payload of up to 964 bytes, integrated antenna,
encryption technology and six configurable 10
pins, is based on the Nordic Semiconductor
nRF52840 chipset. It can be used for loT and
M2M applications, for example, to build
radio-based maintenance interfaces and
sensor networks. The WE-ProWare firmware
from Wurth Elektronik, which has been
industrial proven over many years, makes the
module extremely versatile.
www.we-online.com
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CUSTOMRFCONNECTORS.COM
812.526.8601
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THE ANSWER TO YOUR RF CONNECTOR SEARCH

tal kefilters.com
Phone 636.1900
Fax 732,636.1982

REVOLUTIONARY
HERMETIC SMP CONNECTORS

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

For use with Aluminum, Kovar
and other package materials

SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 — WILTON - NH - 03086
(603) 654-2002 — Fax (603) 654-2533

E-mail: sales@shp-seals.c
Web: www.shp-seals.com

ES MICROWAVE LLC.

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

Broadband

Suspended-Substrate
Filters, Diplexers, Triplexers, Quadruplexers,

DC-40 GHz Filters
Multiplexers &
Switch Filter Banks

ES Microwave, LLC

8031 Cessna Avenue, Gaithersburg, MD 20879
P: 301-519-8407 F: 301-519-8418
Www.esmicrowave.com

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

> Super low noise RF
amplifiers
* Broadband low noise
amplifiers
> Input PIN diode protacted low
noise amplifiers
* General purpose gain block
amplifiers
¥ High power RF amplifiers
and broadband power
amplifiers
# AF isolators and
circulators
¥ High power coaxdal and
waveguide terminations
# High power coaxial
attenualors
¥ PIN diode power limiters
¥ Active up and down
converiers
Wenteq Microwave Corporation
138 W Pomana Ave, Monrovia, CA 91016

Phone: (626) 305-6666, Fax: (626) 602-3101
Email; sales@wenteq.com, Website: www.wenteq.com

201



16Tx /16Rx Direct
L-/S-/C-Band Sampled
Phased-Array Platform
®®¢ Enabling High
Performance,

Analog Devices Cost-Effective Satcom

https:/ /bit.ly /37ZPGov e B Connectivity

Anokiwave
https:/ /r99ud.app.goo.gl/GoWC

Telecommunication
Testing on Relevant
RF Components

This resource reviews how the air interface layer has Delta’s threaded SMP-T, SMPM-T and

changed throughout this digital evolution and explains SMP3-T have been added to their website.

how systems often need to be upgraded to meet the new Designed for hypersonic, airborne and

criteria. space launch applications, with board-

AR RF /Microwave Instrumentation to-cable and cableto-cable mechanical

https: / /bit.ly /3Ihzlrt 3 schemes, designed in Delta’s robust, low
profile solutions.

SDELTA "= &=y i

GeoSync updated their website to include
an array of 1 to 18 GHz synthesizers,
16 total, all in a 1 RU rack. See the GS50

data sheet, online. The POWERFUL TOGETHER brand family
now includes iNRCORE, Gowanda Elec-
tronics, TTE Filters, DYCO Electronics,
RCD Components and Bicron Electron-
ies. Learn more about high performance
power and signal components from each
brand/company at this new webpage.
Visit us at IMS booth 3058.

m MAY 2022




Miniature Rb
Atomic Clock
Improves Military
Communications
Performance

This document describes how the use of
This new video demonstrates how designers the mRO-80 addresses problems that can
can optimize the noise figure performance be seen on ground or mobile platforms
of designs that feature a MMIC low noise using the LTE waveforms as example.
amplifier using Modelithics models. Orolia
https:/ /bit.ly /3Kbx Qx5

“Medelithics

®®® What do MSL Ratings
Mean?

RFMW
https:/ /rfmwblog.com /2032 /02 /14 /

000 Advanced Automation what-do-msl-ratings-mean /
for Laser Resistor B (e
Trimmer Systems WISt Sensitvity -

PPI Systems
www.ppisystems.com /blog

With Df = 0.0006, ceramic-filled PTFE and
Dk = 2.5 at 2.4 GHz, WavePro® makes it
possible with a made-to-order, high perfor-
mance dielectric. Visit the all-new website
to learn more and request a sample kit
for prototyping.

RETHINK 5G TESTING

Rohde & Schwarz
rohde-schwarz.com / 1
rethink5Gtesting '

5G NR One-Box Signaling Tester
R&S*CMX500
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Millimeter-W,

Millimeter-Wave GaN Power
Amplifier Design
Edmar Camargo

This book gives you—in one compre-
hensive and practical resource—every-
thing you need to successfully design
modern and sophisticated power ampli-
fiers at mmWave frequencies. The book
provides an in-depth treatment of the
design methodology for MMIC power
amplifiers. It brings you step by step
through the various phases of design,
from the selection of technology and
preliminary architecture considerations,
to the effective design of the matching
circuits and conversion of electrical-to-
electromagnetic models.

Detailed figures and numerous practi-
cal applications are included to help
you gain valuable insights into these
technologies and learn to identify the
best path to a successful design. You
will be guided through a range of new
mmWave power applications that show

Location-Based
Services in Cellular
Networks

from GSM to 5G NR

Location-Based Services
in Cellular Networks from
GSM to 5G NR

Adrian Cardalda Garcia, Stefan Maier,
Abhay Phillips

Copyright: 2020 Pages: 458
ISBN: 978-1-63081-631-5
$149 / £129

particular promise to support new 5G
systems, while mastering the use of GaN
technology that continues to dominate
the power mmWave applications due to
its high power, gain and efficiency.

This is a valuable resource for power
amplifier design engineers, techni-
cians, industry R&D staff and anyone
getting into the area of power MMICs
who wants to learn how to design at
mmWave frequencies.

Models for GaN Technology; FET Based
Amplifiers; Impedance Matching; High
Power Amplifiers; State of The Art Am-
plifiers.

Edmar Camargo is a MMIC designer
consultant. He holds a Ph.D. and

a M.S. in Electrical Engineering from the
University of Sdo Paulo, Brazil.

Bookenc

978-1-63081-944-6

978-1-63081-945-3 ¢ 340 pp.
$189 USD £164 GBP

Artech House

685 Canton St.

Norwood, Mass. 02062
800-225-9977

or

16 Sussex St.

London, SW1V 4RW, U.K.
+44 (0)20 7596 8750

www.artechhouse.com

EXPLORE

POSITIONING TECHNOLOGIES USED IN

CELLULAR NETWORKS

} Helps you understand how positioning works in a

cellular network

} Covers all positioning technologies from GSM to 5G
to cellular network native technologies

} Brings you through various protocols, especially

the LTE Positioning Protocol (LPP) and compares it
with other competing protocols such as OMA LPPE.

} Bridges the gap between academic materials and
real circuit designs using real circuit examples and

practical tips.

BOSTON | LONDON

ARTECH HOUSE

ArtechHouse.com

PRACTICAL BOOKS FOR ENGINEERING PROFESSIONALS
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Microwave Journal invites attendees to Booth 2000 for a
complimentary headshot photo.

Hours: 11:50-1:30 pm Tuesday, Wednesday and Thursday
During the Wednesday Reception 5:00-6:00 pm
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MMWAVE FILTERS

| TCC Meets 5G

The World's Widest Selection

Band pass filters optimized for n257, n258, n260
and n261 5G bands

Low pass filters with passbands up to 30.5 GHz
High pass filters fco from 28 to 36 GHz
Rejection up to 40 dB

Proprietary material systems and distributed topologies

Pick-and-place standard case styles

1 Mini-Circuits
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NIST’s Communications Technology Laboratory:
Pushing Metrology to Quantum Scale

< he U.5. National Institute of Standards and

Technology (NIST) is charged with maintaining
Ll traceable standards built on a foundation of
measurement science, a mission essential to the coun-
try’s scientific and economic health. NIST was established
by Congress in 1901 to improve U.S. competitiveness by
strengthening the country’'s measurement infrastruc-
ture to keep up with countries such as Germany and the
UK. NIST closed the gap and has achieved a preeminent
position in metrology. As part of the Department of
Commerce, NIST's budget for fiscal year 2022 is approxi-
mately $ 1.1 billion, and the Biden administration’s pro-
posed 2023 budget increases the agency's funding some
40 percent, which reflects NIST's important role support-
ing emerging technologies and advanced manufacturing.

NIST’s Communications Technology Laboratory (CTL),
based in Boulder, Colo., supports the development of ad-
vanced communications technologies and focuses on four
areas: 5G and future standards, public safety communi-
cations, spectrum testing and communications metrol-
ogy. The first of these, called "5G & Beyond,” encompass-
es channel measurement, modeling and algorithms for
over-the-air testing of massive MIMO. One example of the
work in this area: to accurately characterize the propaga-
tion of a mmWave or sub-THz channel, NIST has developed
an integrated platform named the Quasi-Deterministic
(Q-D) framework, an open-source tool that combines the
Q-D methodology with ray tracing to simulate the channel
between nodes (antenna pairs) in a network.

In the area of communications metrology, the laborato-
ry is developing a hybrid anechoic/reverberation chamber
to test mmWave lloT devices under realistic and repeat-
able multipath conditions.

Another project at the edge of microwave technology—
‘Getting from Qubit to Mega-Qubit Quantum Computers
with RF Calibrations"—aims to develop the world's most
sensitive vector network analyzer (VNA). This collabo-
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ration between CTL and NIST's Physical Measurement
Laboratory and Materials Measurement Laboratory is
designing a way to make ultra-sensitive, calibrated, cryo-
genic on-chip microwave and modulated-signal measure-
ments to support the development of quantum computing.
CTL is extending its expertise with VNA measurements
to measure microwave signals with orders-of-magnitude
greater sensitivity than currently possible. The roadmap
for the five-year program includes developing a broadband,
high dynamic range Josephson parametric amplifier for the
front-end of the VNA to establish the capability for weak
modulated-signal and single photon measurements.

To support these varied endeavors, CTL operates five
facilities: 1) The Antenna Communication and Metrol-
ogy Laboratory uses dual robots and NIST's “Configu-
rable Robotic MilliMeter-wave Antenna” to characterize
steered-beam and other antennas from 300 MHz through
500 GHz. 2) The NIST Broadband Interoperability Test
Bed combines large anechoic and reverberation chambers
to study wireless coexistence, enabling researchers to
assess how radar, LTE, Wi-Fi and other systems interact in
a real-world environment. 3) The 5G Coexistence Testbed
is dedicated to 5G spectrum sharing, coexistence and
interference testing, focusing on spectrum sharing among
government and commercial organizations. 4) The Fublic
Safety Communication Innovation Laboratory supports
first responders to extend their communication capa-
bilities. 5) The NIST “Synthetic Aperture Measurement
Uncertainty in Angle of Incidence” (SAMURAI) Over-the-Air
Testbed for mmWave beamforming 5G and lloT products.

Inthe 121 years since NIST was formed, the world has
changed dramatically. Standards for distance, mass and
time seem almost antiquated compared to the sub-THz
and quantum challenges CTL is embracing today. NIST has
kept ahead of these changes in technology, providing the
metrology to help create the future.

www.hist.gov/ctl
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THE EUROPEAN
MICROWAVE
EXHIBITION

25TH - 30TH SEPTEMBER 2022

* 10,000 sgm of gross exhibition space
* Around 5,000 attendees
*1,700 - 2,000 Conference delegates

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

INTERESTED IN EXHIBITING?

For International Sales:
Richard Vaughan,
International Sales Manager
E: rvaughan@horizonhouse.co.uk

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



Optimal Accuracy + 40 dB Dynamic Range + No Calibration Required

Simultaneously Monitor: Forward Power, Reverse Power,

Load VSWR, & Temperature

ACCURACY

- Multi-Octave Solutions provide accuracy within
+ 5% of a Customer Lab Standard (+ 2% Typical).

CALIBRATION

- No On-Site Calibration Required.

- Calibration Routine completed internally to each
Power Sensor.

- Traceable to National Institute of Standards &
Technology (NIST).

ALARMS & RELAYS

- Alarm Thresholds of Forward & Reverse Power.

- Full VSWR Monitoring/Alarm Capability.

- Full Temperature Monitoring/Alarm Capability.

- Six General Purpose Inputs & 2 Form-C Relays
to External Devices

FIRMWARE

- Windows Application includes an ergonomic
tab-based access system for easy setup and
operation of the Power Meter.

- Multi-Window Display for access to up to five
Meters on screen.

- VSWR Indication & Reflected Power on main
Power Sensor display.

- MIB File available for use with SNMP software.

- LabVIEW Driver Available.

Werlatone, Inc. 17 Jon Barrett Road Patterson, NY 12563
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