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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



Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly rcliable products. Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional

testing instruments.

modular
techniques, hundreds of low frequency
probe needles and a variety of microwave
probes with operating frequencies from DC
to 40, 67, or even 110 GHz can be custom
configured to your layout.

Through unique design

GGB INDUSTRIES, INC. -

Telephone (239) 643-4400 -
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Picoprobe elevates pro

ards to a higher level...
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(...110 GHz to be exact.)

Our patented probe structures provide the
precision and ruggedness you require for
both production and characterization
testing. And only Picoprobe® offers the
lowest loss, best match, low inductance
power supplies, and current sources on a
single probe card.

Our proven probe card design technology
allows full visibility with inking capabil-
ity and ensures reliable contacts, even when
probing non-planar structures.

P.O. BOX 10958 -
Fax (239) 643-4403 -

Not only do you get all the attractive
features mentioned, but you get personal,
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs 10GHz 20GHz 40GHz
Tnsertion Loss 0.6 dB 0.8 dB 1.3 dB
Return Loss 22dB 18 dB 15dB

For technical assistance, custom product
designs, or off-the-shelf delivery,call
GGB Industries, Inc., at (239) 643-4400.

NAPLES, FL 34101
E-mail email@ggb.com -

www.picoprobe.com
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MMIC Products

In-House Design & Packaging

700+ Models in Stock and Growing
Industry-Leading Quality and Reliability

Support through the Life of Your System
Most Models Available in SMT and Bare Die Format
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Solutions for mission critical, radar, military defense, EW,

Visit: apitech.com to learn more.

52 o
apl tECh communications and SATCOM systems, avionics, and space platforms.

Value-added Integration
from Components to
Subsystems Solutions

APITech is the Electromagnetic Spectrum Innovator at

tier 2-4in the supply chain. INTEGRATED SUBSYSTEMS & BOXES
We work in partnhership with our customers to ensure TIER 2

the best possible outcomes; incorporating the latest
devices and design techniques to offer the best possible MODULES
performance and price. TIER 3

Solutions from APITech EMEIA are normally ITAR free
and technology transfer arrangements with partners
can be agreed.

RF, Microwave, Microelectronics
& Power Solutions

Components, Modules, Integrated Assemblies and Subsystems.

Pre-filtered GPS LNA EMI Filtered Cryo Attenuators RF Testbed solutions
Leverages APITech’s core D_S u b CO nnectors APITech Cryo Attenuators, tested to APITech Weinschel offers solutions
competencies in low-loss filter, Superior high-frequency insertion 4mK, are available in frequency ranges to challenging 5G and Wi-Fi 6 test,
amplifier and mechanical design. loss and built in accordance with from DC to 40 GHz. simulation and RF distribution
MIL-PRF-15733 or MIL-PRF-28861. requirements.

PROTECT POWER PROCESS

Protect Critical RF signals from RF power components & modules Standard & custom solutions to
noise, transients, and other to deliver high-performance power process critical high level signals.
unwanted interference. gain for critical RF applications
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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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Has Amplifier Performance or
Delivery Stalled Your Program?
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® Custom Product Development
® Electrical Test Capabilities
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MEASUREMENT
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Catch Frequency Matters,
the industry update from
Microwave Journal,
microwavejournal.com/
FrequencyMatters

A Quantitative Analysis of the Power Advantage of Hybrid
Beamforming for Multi-Beam Phased Array Receivers

Applications Guide to 3D Printed Low-Loss Dielectric
Structures Addressing Microwave/mmWave Challenges

Receiver Testing - Why Test Signal Quality Matters

Taking Next Steps on Non-terrestrial Network and
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Step-by-Step Guide: Advanced Probing in DDR3/DDR4
Memory Design

Wideband RF Launches:
Much More Than Footprints on PCBs
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development at Stellant
Systems, recounts the
company'’s long lineage in tube
technology and outlines the
continuing opportunities for
tubes and the company.

Zdravko Divjak Sr., president
of Z-Communications,
discusses what makes a

company supplying VCOs and

PLL synthesizers successful for

more than three decades and
the technical challenges still to
be solved.

Follow us
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facebook.com/
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Take the Lead
in RF Design

with COMSOL Multiphysics®

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

» comsol.com/feature/rf-innovation

N COMSOL
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MMIC Die Parts

For Chip-and-Wire Assembly

180+ models in stock

All MMIC models available in die form on request
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When high-volume waveguide component testing looks like a high hurdle,
Eravant gives you a leg up. Proxi-Flange™ waveguide segments make contactless
waveguide connections a reality. Wave-Glide™ fixturing systems make contactless
waveguide connections fast, easy, accurate, and repeatable. Both product families
are compatible with Eravant’s frequency extender systems, as well as all other
frequency extenders commonly used today.

Stop worrying about how to test waveguide components and start harnessing

Eravant’s long history of producing and testing high-quality microwave and
millimeter-wave components.
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PROXI-FLANGE™

Contactless Waveguide Connections
Fast and Easy Component Testing
Accurate and Repeatable Test Results

Reduced Test System Maintenance

Frequency Coverage from 18 to 220 GHz

WAVE-GLIDE™

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

Supports Automated and Semi-Automated Testing
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FORMERLY SAGE MILLIMETER

PROXI-FLANGE™ & WAVE-GLIDE™

PATENT-PENDING | REPEATABLE RESULTS |18 to 220 GHz

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

SOI RFIC Tunable Filters
Improve Phased Array System
Performance

Leopold E. Pellon

Otava Inc., Moorestown, N.J.

The capabilities and impact of new silicon on insulator (SOI) tunable filter ICs on the design of
the RF chains of phased arrays are discussed. These new devices provide an advancement in
tunability, small size and high linearity, which supports efficient approaches addressing challenges
of interference and wider operating bandwidth. These RFICs can be integrated into wideband
active stages of RF front-ends (RFFEs) for wide bandwidth, software-defined arrays for cost
effective multifunction systems. To illustrate the advantages, a notional wideband dynamically
programmable frequency-division duplex (FDD) system operating from 4 to 8 GHz (C-Band) is
discussed. To assist system architects exploring the uses and programming of this newly available
set of components, software tools have been developed, including accurate behavioral tuning
models, which complement evaluation kits for user prototype system development efforts. This
article is an abbreviated version of an article published online at wvw.microwavejournal.com.

or RF applications such as

communications and radar,

active phased array anten-

nas provide an efficient way
to steer and direct the system'’s ra-
diated RF energy to achieve the
desired effective isotropic radiated
power (EIRP) on transmit and the
gain over noise temperature (G/T)
on receive, which are required for
communications link closure or
the detection and measurement
of mobile targets. To maximize the
signal-to-noise and interference ra-
tio (SNIR), analog, digital or hybrid
beamformers shape the array an-
tenna gain and patterns optimally
based on incoming signals, calibra-
tion and sounding data. Arrays em-
ployed for both military and com-

20

mercial systems range from small
arrays with less than a hundred
elements, which achieve moder-
ate antenna gain, to large arrays
with thousands of elements, which
achieve higher gain and finer pencil
beams. However, the performance
and benefits of the phased array can
be limited by the trade-offs of the
constituent RF chains employed,
particularly considering the impact
of nearby interference.

Among the trade-offs for phased
arrays, increasing the operating
bandwidth is a necessity when con-
sidering multifunction utility and
flexibility. However, widening the
operating bandwidth can increase
wideband emissions and increase
exposure to nearby high-power

transmitters,  producing  “blind-
ness” or reduced sensitivity in the
receiver. Therefore, the ability to
reconfigure the properties of the
chain to reduce emissions and the
effects of interference on a selected
passband within the wider operat-
ing band is desired.-¢

Another important trade-off is
the cost effectiveness of the solu-
tion. Array hardware cost is only
one consideration; one must ac-
count for the service or mission ob-
jectives as well. Other factors which
are universal to consider include the
supporting /O, fronthaul and back-
haul, platform (or site) space avail-
able, available power generation
and heat removal. These can also
drive cost effectiveness. Hence, in-
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COAXIAL AND

' WAVEGUIDE. SWITCE .

RLC has the exact solution
vou’re looking for.

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

H SPDT to SP12T
B Transfer

H Low VSWR

B High Isolation

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

B Low Insertion Loss

B High Power

B Low Passive Intermodulation

B Surface Mount Options

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

RLC ELECTRONICS,

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

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

RLC is your complete microwave component source...
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Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.
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TABLE 1
SOI TUNABLE FILTER PERFORMANCE
Parameter OTFL101 OTFL201 OTFL301
Center Frequency Range 2.5-7.5 14-24 24-40
(GHz)
Bandwidth Range (%) 24-16 17-15 20-16
Loss Range (dB) 57 5-7 5-7
Typical Return Loss (dB) 12 12 12
Power Handling (dBm) 30 30 30
IIP3 (dBm) 45 42 42
# of Tunable Resonators 5 5 5
Resonator Control States 32 16 8
Tuning Settling Time (nS) 400 400 400
Control Loading Time (nS) 500 400 300
Die Dimensions (mm) 23x1.6 1.6x1.6 1.6x1.6
o flexible operation
OTFL101 when the RFICs
-5 H | are used within ac-
1ol /m OTFL30T tive RF chains. An
\\ overlay of the mea-
@ -15 T sured transfer func-
2 20 \ \ tions of the three
o \ \ ‘ devices is shown
25— o in Figure 1. The
_30 \ W results shown were
obtained using
=35 “simple”  tuning
10 where all resona-

Frequency (GHz)

tors are tuned to
the same control
value.

A Fig. 1 Measured responses of the three tunable SOI RFIC

filters.

creasing the operating bandwidth
is desirable to achieve a greater re-
turn on investment for commercial
systems and to improved mission
effectiveness for military systems—
so long as the requirements of each
are satisfied simultaneously.-

WIDEBAND TUNABLE FILTERS
Tofill the need forimproved spec-
tral control and agility, newly avail-
able miniaturized high linearity and
tunable (or switchable) filter prod-
ucts are being introduced, which
can be integrated into phased array
front-ends. This article focuses on
architectures that make maximum
use of this family of components, il-
lustrating the utility with three RFICs
developed by Otava Inc. that cover
2.5 to 40 GHz (see Table 1).4 Their
performance supports the thesis of
this article, i.e., their linearity, power
handling and tuning range provide

Programming is
controlled through
a three-wire serial
interface, where each of the resona-
tors have five-bit tuning coefficient
resolution, sufficient for center fre-
quency, and bandwidth optimiza-
tion. A combined time of less than
1 ps is required for reconfiguration.
Beyond the simple tuning method,
the large number of degrees of free-
dom enables innovative approach-
es to optimize filter tuning. To assist
system architects exploring these
capabilities, a companion behav-
ioral model, capable of predicting
filter passband and sideband skirts
accurately—to 40 dB attenuation as
a function of user-defined control
variables has been developed and
is available.

INTEGRATION IN PHASED
ARRAYS

To assess the impact of these
wideband tunable filters, consider

MWJOURNAL.COM ® JUNE 2022



Quantic PMI

Designed for Industrial & Military Form, Fit, Function & Custom
Applications Package Designs
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«— 20 to 30 dB of Front-End Gain ———

Stage 2 Driver

PA Driver

1 Higher Noise Figure,
1 Aliasing and/or
1 Mixing Product

¢ Analog Rx
Beamformer

® RF Down-Converter

e RF ADC

e Analog Tx
Beamformer

* RF Up-Converter

* RF DAC

Predriver

: Out-of-Band Spurious
I'and/or Mixing Product

A Fig. 2 Possible filter placement in a phased array.

the following elements of a phased
array design: linearity and sensitiv-
ity, operating bandwidth and tuning
agility, control of passband gain and
interference rejection, element-to-el-
ement tracking that affects the sen-
sitivity of the beamforming patterns
to temperature variations and array

low gain, low noise amplifier (LNA)
input stage, both in combination
with moderate loss tunable filters
placed at location C. With addi-
tional gain required, adding filters
at location D enables the cascade
of filters to achieve a higher-order
and steeper out-of-band response

packaging density.

Figure 2 shows 104
the potential loca-
tions for filters with-
in a phased array
front-end. Perhaps
the ideal location | £ 10°

103

is placing the “filter s
first” in the com- | £ 4o
mon leg (position

A) and/or in the .

separate  transmit
(Tx) and receive (RX)
paths (position B). 107

Filters at these “fil- 25 20
ter first” locations,
however,  require | @

| |
-15 -10 -5 0 5 10 15

IP14B (dBm)

ultra-low loss and 6

high-power  han-

dling filters for Tx
and ultra-low loss 10
for Rx. Unfortunate-

Gain (dB)

/S S

o 20

ly, current technolo- | 3 M
gies for wideband | 3 20
tunable filters do | & 3
not support the | & /
losses, linearity 2
and size required /
for this “filter first” 1
architecture in a
phased array. 00—

An alterna-

tive is employing (b}

6 8 10 12 14 16
Second Stage Loss (dB)

a low gain power
amplifier (PA) out-

A Fig. 3 Effect of LNA gain on front-end power consumption
(a) and noise figure (b), assuming an LNA with 1 dB noise figure

put stage and a and 15 percent efficiency at the P1dB operating point.
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T required to achieve
naependently lunable .
Tx and Rx Filters 0 dBm Input P1dB

EIRP = 70 dBm drops by about 9x
for the “distrib-
e <R uted filter” topol-

4 3

ogy compared to

20 dBm at 1200 m (J

64 Rx Array e .
Elements fc(R) = 6 GHz the “filter last” to-
Jx ey Pel(R) = —64 dB :
fe(T) = 5 GHz by = m pology, while also
Pel(T) = 31 dBm Pel(Interference) S 0 dBm duci h
NF(sys) = 3 dB with producing a muc

Interference

SNIR(Beam Out) = 40 dB lower noise fig-

ure than the "filter
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A Fig. 4 Scenario with dual, colocated FDD capable arrays.

for improved performance. In the
Rx path, excessive amplification of
out-of-band interference is avoided
by distributing the filters. Normally,
an LNA employs multiple stages
to achieve the 20 to 30 dB gain re-
quired, given the high noise figure
of downstream components, i.e.,
the beamformers, mixers and ana-
log-to-digital converters (ADCs). In
this “filter last” topology, the out-
of-band interference is amplified
in each active stage prior to filter-
ing, requiring high LNA power han-
dling—although this achieves the
best small signal noise figure. Under
large signal interference conditions,
however, noise is further degraded.
By comparison, a lower LNA power
handling is required for the “filter
first” topology, but at the expense
of the total system noise figure.

Figure 3 illustrates two of the Rx
chain trade-offs for the design of a
front-end consisting of an LNA first
stage followed by a lossy or noisy
component. Assuming an LNA with
15 percent efficiency, Figure 3(a)
shows the power consumption of the
LNA versus the input 1 dB compres-
sion point (IP1dB) for LNA gains from
5 to 30 dB.7-? Assuming the LNA has
a 1 dB noise figure, Figure 3(b) plots
the combined noise figure of the
chain versus the loss of the following
lossy component, again with LNA
gains from 5 to 30 dB. To achieve 0
dBm input P1dB, the required DC
power varies from 25 mW to 6.7 W
over the range of gains. For exam-
ple, an LNA first stage with 25 dB will
consume 2 W typically to maintain
dynamic range.

A more optimum choice is a dis-
tributed filter chain, where 10 to 15
dB gain in the first stage LNA is suffi-
cient to achieve an overall noise fig-
ure under 2 dB, assuming a loss of
6 to 10 dB for each filter. The power

first” topology. Af-
ter the first active
filter stage, the
power consumption downstream to
maintain system linearity is greatly
reduced.

The SOI RFIC filters of Table 1
are small enough to support phased
array half-wavelength lattice spac-
ing, i.e.,, d = M2. For example, the
fifth order bandpass filter OTLF101
die size is 2.3 x 1.6 mm, which sup-
ports filtering for arrays up to 8 GHz
while occupying only 1 percent of the
available area per element. At higher
frequencies, the OTFL201 occupies
6.6 percent of the available area at
24 GHz, and the OTFL301 occupies
18 percent at 40 GHz. Hence, these
three devices can be integrated into
distributed filter array front-ends from
2.510 40 GHz.

C-BAND T/R PHASED ARRAY

To illustrate the use of filter RF-
ICs, consider a notional system com-
posed of at least two arrays capable
of FDD operation over an operating
band covering C-Band, i.e., 4 to 8
GHz (see Figure 4). With one of the
arrays transmitting and the other
simultaneously receiving, each ar
ray is programmed for a different
center frequency within C-Band, ac-
complished with signal chains using
the tunable RFIC filters at locations
C and D, as shown in Figure 2. We
will assume a digital beamforming
architecture for this system. Combin-
ing the RFFE with an RF class ADC,
a complete direct digital elemental
receiver is enabled. By adjusting the
RFFE transfer function and the ADC
Nyquist Zone, one can cover the en-
tire operational band while protect-
ing the receiver from strong cosite
interference. The RF chain must pro-
vide the gain and anti-aliasing filter-
ing for driving the ADC input under
multiple in-band and out-of-band
conditions.
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TABLE 2

WIDEBAND FDD DUAL ARRAY
SYSTEM GOALS

Operating Band (GHz) 4-8
Instantaneous Bandwidth (MHz) | 200
Minimum Af =|fe(T)-fe(R)| (MH2) 600
# Elements per Array 64
Array Antenna Gain, No Loss (dB) 24

Antenna and T/R Switch Losses 3
(dB)

Tx Pelement (dBm) 31

EIRP (dBm) 70
Mean Power Aperture (dBm) 46
Pcosite at Rx Antenna Element, 0

Case 1 (dBm)

Psignal at Rx Antenna Element -64
(dBm)

Out of Band Input IP3 (dBm) 20
System Noise Figure, RF to 3

ADC Chain (dB)

Rx G/T (dB/K) —7.

SNIR at Beamformer Output (dB) 40

The goal ismaximizing the received
remote signal of interest relative to
the combined noise, interference and
distortion floor at the output of the
ADC and the digital beamformer. The
primary challenge for the Rx array is
maintaining sensitivity to the desired
signals in the presence of out-of-band
interference within the same 4 to 8
GHz operating band. Assume the ar
rays operate with a frequency separa-
tion of Af, where Af = |fc(Tx)-fc(Rx)| and
that both arrays have a 200 MHz wide
passband. The allowable Tx power
is determined by the spatial separa-
tion, nearfield isolation and allowed
frequency separation between the ar-
rays, in addition to the performance
of the Rx element chain. This wide-
band FDD software-defined array
with two colocated apertures will be
analyzed for a primary scenario (case

ceived over a 200 MHz passband with-
in the operating band. For example,
a high data rate downlink uses a 20
dBm EIRP remote transmitter at 1200
m tuned to fc = 6 GHz, resulting in -64
dBm signal power into the Rx element
active chain. A total system noise fig-
ure of 3 dB produces an effective -88
dBm input noise floor including ADC
noise, where the RF chain is allocat-
ed a 2 dB noise figure and drives its
noise floor above the self-noise of the
RF ADC for a combined 3 dB system
noise figure, while providing 60 dB of
digitized dynamic range above this
floor over the 200 MHz bandwidth.
The gain required for this is nominally
25 dB for most RF ADCs. The signal-
to-noise ratio (SNR) obtained at the
output of the beamformer is nominally
40 dB for the smaller signal of interest
in this case, which is sufficient for high
spectral efficiency 5G multi-gigabit
data rates.

For this scenario, out-of-band in-
terference is defined for the Rx array
operating adjacent to the 64-ele-
ment Tx array transmitting 31 dBm
rms per antenna element. This yields
a 70 dBm EIRP main beam and aper-
ture power of 46 dBm. From the re-
quirements shown in Table 2, the Rx
system must maintain linear and sen-
sitive operation up to an input P1dB
of 0 dBm while suppressing interfer-
ence below the ADC noise floor at
the output of the entire chain. The
input spectrum from the antenna el-
ement is shown in Figure 5(a), and
the spectrum at the ADC is shown
in Figure 5(b), scaled as equivalent
receiver chain input levels. Keeping
the passband clear of overlapping
interference terms and third- and
fifth-order intermodulation distortion
is enabled given the T/R band sepa-
ration: Af > 600 MHz. This provides
good flexibility since 70 percent of
the operating band is available for
all frequency combinations. While

And Nm/mrg 1) with one local transmitter.® A sec-  the details of antenna isolation are
But The Truth. ond scenario (case 2) with two local  beyond the scope of this article, a
transmitters is ana-
'}___:‘ |yzed in the |onger, Input Pras ADC Nyquist Zone
L online article. The | €F----5 e L S FS(ADC Sat) = -4 dBm
MADE IN Usa 150 9001 performance goa|s ﬂi FS(RF Signal) = ~15 dBm
50 Intervale Road, Boonton, NJ 07005 for the dual array | ¢ - / \
Tel: 973-394-1719 « Fax: 973-394-1710 system are summa- | | [t calt L] =8 gom,
rized in Table 2. Frequency Frequency
www.etiworld.com For in-band sig- | ®

nals, the smaller sig- A Fig. 5 RF input spectrum (a) and effective input spectrum
nal of interest is re- at the ADC (b).
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RF- Front-End

_______________________

QTFL101(2)

____________________

GaN Stage 1 GaN Stage 2

VGA ADC NF =23dB

6 GHz 8 GHz

HEMT process is
selected for the two
amplifier  stages.
The first gain stage
has a noise figure of
1.3 dB with 11.6 dB

SOl tunable filters, VGA, ADC and DFE.

A Fig. 6 Rx signal chain: RF front-end with GaN MMIC and

gain, compared to
14 dB gain and 2.1
dB noise figure for

Frequency (GHz)

fg T~ the second stage.
= 0 I/ I/\II\%X// X{\){\\XK\\\\\\ Overall power con-
10 sumption of the two
=z FRIZANSO AN Gal stages is 261
& 10 LI A RXANN N\ mW at the nominal
¢ o II IIII////// ////\K\QQQ\\\\\Q\ 5V Vpp bias. This
60 RFFE can be pack-
A A AOSN  | T et

mount hybrid mod-

A Fig. 7 Simulated center frequency tuning of the RF front-

end from 3.5 to 8 GHz in 500 MHz steps.

realistic assumption is an average
effective isolation between the Tx
and Rx of 46 dB, which is required to
achieve a 0 dBm interference level.

FRONT-END MODELING

The most critical component of
the C-Band dual T/R array is its high
dynamic range RFFE (see Figure
6), which drives and protects a vari-
able gain amplifier (VGA) driver and
Nyquist ADC, followed by a digital
front-end (DFE). The ADC can sam-
ple signals up to 8 GHz directly with
a noise density of -151 dBFS/Hz
(<-20 dBFS) in the higher-order Ny-
quist zones. By switching between 6
and 8 GHz sampling clocks, the Ny-
quist zones can be placed relative
to the tuned passbands to cover the
4 to 8 GHz operating band.

To achieve a power efficient RFFE
design with the required high lineari-
ty and low system noise figure, a GaN

ule integrating a
single GaN MMIC,
approximately 2.2
mm x 2.2 mm in size, with the two
OTFL101 tunable filter ICs, each fil-
ter 2.6 x 1.6 mm.

The RFFE module, using both SOI
and GaN devices, was simulated as a
chain in ADS. As this filter chain em-
ploys 10 resonators with independent
controls, setting all tuning variables is
a key factor in the design, in addition
to the input and output impedances
of each block. The filters can oper-
ate with all variables set to the same
nominal value, which is a “simple”
approach to center frequency tuning.
However, the variables can also be
optimized with knowledge of the re-
sulting transfer function. Table 3 sum-
marizes the simulated results for the
RFFE design for both simple and op-
timized cases, the latter labeled OPT2
V2. The optimized case improves all
the performance parameters for a low
side interferer: The passband gain in-
creases by ~5 dB, Rstop1 reduces by

29 dB, the noise

TABLE 3 figure improves by

RF FRONT-END PERFORMANCE SUMMARY 0.5 dB and both the

Parameter Simple Optimized Tuning OUt'Of'banc_j Input

Tuning (OPT2 V2) _P1dB andbmput (I]|P3

fc (GH 6 6 improve by ~3 dB.

) This is evidence

3 dB Bandwidth (MHz) 1200 800 of improved inter-

Passband Gain (dB) 12.2 17.1 stage matching and

Rstop1: fc-1 GHz (dB) 17 -46 '”Cfe?sed b power

Rstop2: fc-2 GHz (dB) -84 2103 i[]a;scirm pon‘ztr:’:seeig
Noise Figure (dB) 2.7 2.2 the RFFE.

Input P g (dBm) 2 1 The  simulated

Input IP3 at -15 dBm (dBm) |  17.0 19.7 center  frequency

ey e e tuning of the RFFE

ety 250 Zet is plotted in Figure
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7, which shows a
set of bandpass re-
sponses  covering
3.5 to 8 GHz in 500
MHz steps. Tuning is
virtually continuous,
given the five-bit
resolution of each
of the 10 resona-
tors. At each center
frequency, the band-
pass characteristics
can be adjusted.
The best approach
is through optimi-
zation, where the
goals of the desired
transfer  functions
enable adjustment
of bandwidth, gain,
passband  shape
and out-of-band at-
tenuation. Figure 8

10 = OPTO ——
. (/"N o — ||
o 1)) \N\\ | o=—
P VNN oms— |

Response (dB)

AN

-60
0 R\ \
30 35 4.0 45 50 55 60 65 70 75 80 85 9.0
Frequency (GHz)

Tuning Method | Passband |3 dB BW (MHz) | Gain (dB) NF (dB)
OPTO Flat 1400 137 2.6
OPT1 Flat 800 13.9 2.7
OPT2 Cosine 800 171 21
OPT3 Cosine 400 14.0 2.6
OPT4 Cosine 350 10.5 34
OPT5 Cosine 300 5.3 4.6

shows  simulations
for the design tuned
to 5.5 GHz with sev-
eral bandwidth and passband states,
which are described in the table within
the figure.

The model-based optimization of
the design used the S5, S14 and Sy,
responses with goals or cost functions,
in a combined manual and random-
gradient iterative search to derive the
control states. Given its accuracy, the
model can provide an effective nomi-
nal set of optimized stored states, even
without measurement. To compensate
for manufacturing variation among
units, a vector network analyzer calibra-
tion may be substituted for the model
to obtain the highest accuracy.

CONCLUSION

The capabilities and impact of a
new class of tunable filters based
on SOI RFICs were described, with
the aim to increase the operating
bandwidth of the phased array.
The combination of linearity, tuning
time, small size, tuning degrees of
freedom and reliability of the RFICs
surpasses solutions using switched
filter banks, PIN diodes? or MEMS®
switches. RF building blocks such as
front-ends, converters and synthe-
sizers can employ this cascaded ap-
proach to realize multiple improve-
ments. In general, these RFICs can
play a role addressing difficult in-
terference problems with commer-
cial and military front-ends, which

A Fig. 8 RF front-end tuned to 5.5 GHz showing six simulated
bandwidth (BW) and passband states.

was illustrated with a dynamically
programmable FDD system operat-
ing over 4 to 8 GHz. The example
shows a combination of front-end
capabilities and system benefits,
addressing such issues as spectral
congestion, performance and cost
effective deployment. ®
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OCTAVE BAND LOW NOISE AMPLIFIERS
Model No. re% 6Hz)  Gain (ZdB) MIN  Noise Figure @B)  Power-out@pids  3rd Order ICP
+

%)
=

VSWR
CA01-2110 .0 MAX, 0. 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
(A48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm  2.0:1
(A812-3111 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 +20dBm  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 1.2-1.6 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
(A34-2110 3.7-4.2 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 25 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
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dm  2.0:1
(A34-6116 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
(A812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
(A812-6116 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
(A1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. 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 B 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1 =
(A02-3112 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 —
(A618-4112 6.0-18.0 25 5.0 MAX 3.5 TYP +23 MIN +33dBm  2.0:1 —
(A618-6114 6.0-18.0 B5) 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 1o +1 + 2.0:1 —
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 1o +1 8 dBm +/ 1.5 MAX 2.0:1
CLA712-5001 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 5 . +12 30 dB MIN 2.0:1
CA05-3110A 0.5-5.5 23 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
CAT315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CAT518-4110A  15.0-18.0 30 3.0 MAX, 2.0TYP  +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
CA00T-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 C
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:1
(A004-3112 0.01-4.0 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.
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Ciao Wireless, Inc. 4000 Via Pescador, Camarillo, CA 93012
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New Techniques to Overwhelm Military
Adversaries

AE Systems is developing a new approach
to defeat adversaries by overwhelming them
with complexity as part of the Complexity
Modeling in Multiple Domains (COMMAND) program.

BAE Systems has been awarded a $2.8 million, three-
year contract from the Air Force Research Laboratory
to develop this new approach to defeat adversaries: by
overwhelming them with complexity.

As part of the COMMAND program, BAE Systems
will develop highly complex models to capture the “de-
cision calculus” of an adversary, provide an estimate of
how different attacks will affect their ability to respond,
and ultimately drive them to the point of indecision.

“The goal of the COMMAND program is to under-
stand the imposition of complex Courses of Action
against an adver-
sary’s integrated
systems of sys-
tems by modeling
their decision cal-
culus,” said Mike
Miller,  technical
group lead at BAE
Systems' FAST
Labs™  research
and development
organization. “From kinetic attacks to jamming commu-
nications and cyber-attacks, determining a combination
of these various attack surfaces will make it challenging
for the adversary to react in a timely and coherent man-
ner.”

As part of Joint All-Domain Operations, the U.S. De-
partment of Defense seeks to integrate effects against
targets within the adversary’s observe, orient, decide
and act loop to push the adversary into strategic pa-
ralysis. By using “complexity” as an attack surface, this
technology will shape how information flows through
an opponent’s decision-making process.

Source: BAE Systems PLC

DARPA Seeks lonospheric Insights to
Enhance HF Radio Capabilities

arfighters depend on high frequency (HF)
radio transmissions to operate military sys-
tems across the space, air, ground and
maritime domains. Current understanding of how HF
waves propagate through the electromagnetically noisy
ionosphere typically depends on ground-based meth-
ods. To better understand HF propagation in space
requires scientific measurements taken from within the
ionosphere itself. DARPA's new Ouija program aims to

For More
Information

MW]JOURNAL.COM m JUNE 2022
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use sensors on low-orbiting satellites to provide new
insights into HF radio wave propagation in the iono-
sphere, which spans the upper edges of the Earth’s at-
mosphere to the lower regions of space. The program
seeks to quantify the space HF noise environment and
improve characterization of the ionosphere to support
warfighter capabilities.

“Ouija will augment ground-based measurements
with in-situ measurements from space, in very low-Earth
orbit (VLEO), to develop and validate accurate, near re-
al-time HF propagation predictions,” said Jeff Rogers,
Ouija program manager in DARPA's Strategic Technol-
ogy Office. “The VLEO altitude regime, approximately
200 to 300 km above Earth, is of particular interest due
to its information-rich environment where ionospheric
electron density is at a maximum. Fine-grained knowl-
edge of the spatial-temporal characteristics of electron
density at these altitudes is required for accurate HF
propagation prediction.”

The program includes two technical areas. The first
technical area, announced in a solicitation issued April
21, 2022, seeks to develop, qualify, launch and oper-
ate multiple small satellites carrying scientific and mis-
sion instrumentation. The Ouija scientific payload will
measure electron density by both direct sampling and
indirectly via radio occultation using navigation satel-
lites. It is anticipated that the scientific payload will use
or adapt commercial-off-the-shelf (COTS) components,
but innovative instrumentation proposals that enhance
the functionality of the scientific payload over a COTS
baseline are welcome.

“The HF mission payload will require a high sensi-
tivity, high dynamic range, low noise HF measurement
subsystem,” Rogers said. “The antenna for this subsys-
tem is a particular challenge, as efficient HF antennas
that operate at the lower end of the frequency band are
long, presenting deployment and space vehicle drag
challenges.”

The second technical area, which will be fully detailed
in a separate solicitation at a later date, aims to develop
assimilative models that ingest direct, in-situ, measure-
ments of electron density from a satellite in VLEO. The
derived electron density models will be fed into HF
propagation code then validated with data measured
on-orbit. The goal is to improve fidelity over current
state-of-the-art assimilative models by incorporating

Source: DARPA

Visit mwjournal.com for more defense news.
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high-resolution (in time and space) local measures with
low latency updates.

Ouija employs a simplified Other Transactions pro-
cess aimed at lowering the bureaucratic barrier for com-
panies to make proposals, especially those seeking to
work with the Department of Defense or DARPA for the
first time.

First Global Aircrew Strategic Network
Terminal System

aytheon Intelligence & Space (RI&S) recently

completed the installation of the first Global

Aircrew Strategic Network Terminal system
for the U.S. Air Force. The terminal system modernizes
existing protected communications systems while add-
ing new capabilities for nuclear and non-nuclear com-
mand and control. Global ASNT ensures robust com-
munications to provide protected communications to
nuclear bomber, missile and support aircraft crews in
austere environments.

"Operating on both MILSTAR and advanced ex-
tremely high frequency satellites, Global ASNT systems
use satellite communications to provide command and
control, linking nuclear forces to national command au-
thorities,” said Denis Donohue, president, Communica-

SGX1000

Signal Generators

tions & Airspace
Management
Systems,  RI&S.
. The contract is
administered
through the U.S.
Air Force Nuclear
Weapons Center
and supports U.S.
Air Force Global
Strike Command.
The total awarded contract value for Global ASNT is
nearly $600 million.

The RI&S team is completing three additional base in-
stalls that will comprise Global Strike Command’s Initial
Operating Capability. As production and fielding con-
tinue, 90 terminals, including spares and support equip-
ment, will be produced and fielded in fixed and trans-
portable configurations by the end of 2023.

Primary work locations for this effort are in Florida and
Massachusetts with major suppliers in California, Penn-
sylvania and Texas; the balance of the more than 200
suppliers supporting the program are spread across the

Source: Raytheon Technologies

The contract is administered through the U.S. Air
Force Nuclear Weapons Center and supports U.S. Air
Force Global Strike Command. The total awarded con-
tract value for Global ASNT is nearly $600 million.
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635 New 5G Cities in 2021; 1947 5G Cities
Globally

iavi Solutions Inc. released new industry data

revealing that the number of cities with 5G

networks now stands at 1,947 globally. De-
spite the pandemic, 5G cities came online at a rate of
nearly two per day, with the addition of 635 new 5G
cities in 2021, according to the new VIAVI report “The
State of 5G,” now in its sixth year.

By the end of January 2022, 72 countries had 5G
networks in place, with the newest crop of 5G coun-
tries comprising Argentina, Bhutan, Kenya, Kazakhstan,
Malaysia, Malta and Mauritius, which all came online in
the second half of 2021. Europe, Middle East and Af-
rica have overtaken Asia Pacific including Greater China
(APAC) to become
the region with
the most 5G cities
VIAVI at 839. APAC has
689 5G cities and
the Americas has
419.

Not  surpris-
ingly, the world’s
two largest econ-
omies, the U.S.
and China, are
the countries with
the most 5G cit-
ies. China now
has 356 5G cities
and the U.S. has 296. The Philippines remained in the
third spot globally with a total of 98 5G cities.

Currently, most 5G networks deployed are non-
standalone networks, meaning that 5G equipment
is added to existing 4G network infrastructure. There
are currently 24 standalone (SA) 5G networks globally,
meaning that they have been built using a new 5G core
network. It is widely considered that many of the next-
generation use cases and monetization models associ-
ated with 5G, beyond enhanced mobile broadband will
only be possible when SA 5G networks built on new 5G
core networks are in place.

The State of 5G also highlights the growing Open
Radio Access Network (RAN) ecosystem, combining
mobile operators as well as software and infrastruc-
ture vendors, seeking to develop an open, virtualized
RAN with embedded artificial intelligence control. As
of March 2022, 64 operators have publicly announced
their participation in the development of Open RAN
networks. This breaks down to 23 live deployments of
Open RAN networks, 34 in the trial phase with a further
seven operators that have publicly announced they are
in the pre-trial phase.

“5G continued to expand, despite the headwinds of

For More
Information
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The State of 5G

1,947 Cities 72 Countries

Source: VIAVI Solutions

CommercialMarket
Cliff Drubin, Associate Technical Editor

a global pandemic,” said Sameh Yamany, CTO, VIAVI
Solutions. “What comes next in 5G is the reinforcement
of networks. This will take a couple of forms. Firstly, we
expect to see more SA 5G networks, which will deliver
on much of the promise of 5G, both for the operator
and for the wider ecosystem of users. And secondly, we
expect to see Open RAN continue its rapid develop-
ment and start to become a de facto standard.”

Smart City Standards are Key to Unlocking
the Full Potential of Smart Cities
Technologies

ince the emergence of smart cities, the
promise of interoperability and connected
sensors has been difficult to attain in prac-
tice as cities suffer from vendor lock-in and incompat-
ible devices. ABI Research has found that smart city
standards are the key to unlocking the full potential of
smart cities technologies.

“Smart Cities technologies are advertised as able to
collect data and insights into how a city is functioning
through a variety of means such as weather monitoring,
utilities monitoring, etc. However, there are issues with
vendor lock-in and a lack of interoperability between
devices, which means that the full benefit of smart cities
technology is not realized,” explained Lindsey Vest, Smart
Cities and Smart Spaces Research analyst at ABI Research.

The standards ecosystem is still a diverse network
of standards development organizations, alliances and
consortia, but there is promise that with proper coop-
eration, they could be vital to the smart cities market.
There are many different organizations and consortia
that engage with standardization, including internation-
al and organizations such as ISO, IEC, ETSI and ITU-T.
Furthermore, there are non-profits, consortia and alli-
ances such as IEEE, OASC, IETF and TM Forum. The
wide range of organizations involved in standardiza-
tion can create a confusing and inefficient ecosystem
but groups such as the Joint Smart Cities Task Force,
formed by the ISO, IEC and ITU-T, promise to help
combat these issues.

The companies that engage in standardization
through engaging with various consortia and industry
alliances can gain a strategic advantage as their solu-
tions can be targeted to meet the requirements of, for
example, interoperability with existing city systems. For
example, one M2M is a service layer standard that is
leveraged globally and allows for the interoperability of
legacy systems along with new systems. Engaging with
standards also allows industry to influence and steer the
direction of standardization. It can be advantageous for
both larger organizations and small and medium enter-
prises as they can more readily work within the complex
system of a city.

Visit mwjournal.com for more commercial market news.
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loT Device Management Services to Reach
US $36.8B in Revenues by 2026

evice management services are evolving

in response to greater breadth of device

technologies such as edge intelligence and
connectivity technologies, as well as to customer pain
points like scalability and security of loT deployments.
But forward-looking suppliers are also preparing for a
world where 41.3 percent of the connected devices will
be using some form of LPWA technologies by 2026.
Since loT customers increasingly need to manage a
larger fleet of connected devices, ABI Research fore-
casts that loT device management services will top U.S.
$36.8 billion in revenues by 2026.

Standardization is beginning to play a bigger role
in device management services, as more connected
devices use LPWA technologies. Standardization is
best exemplified by growth in adoption of LwM2M.
This standard was embraced by the telcos but is
now also embraced by the module, chipset and
gateway suppliers. The flip side of standardization is
that it will increase commoditization of device man-
agement services. “Implementing a common stan-
dard such as LwWM2M can complicate a device man-
agement vendor’s product differentiation strategy,

PDRO
FEATURES:

® High frequency up to 44GHz
® Low phase-noise

® Low failure rate

® Low cost |

but standards do address customer reservations of
‘lock-in" to a proprietary platform,” said Abdullah
Haider, loT Network and Services Research analyst
at ABI Research.

Partnerships and collaborations between device
management vendors will continue to accelerate. De-
vice management vendors can partner with system in-
tegrators (Sls) who build an end-to-end solution. Device
management suppliers can also partner with other play-
ers in the value chain.

Device management vendors from large hyper-scal-
ers, (e.g., AWS and Microsoft Azure), established incum-
bent players (e.g., Eurotech, Telit and Sierra Wireless),
MNO:s (e.g., Vodafone, Verizon and Deutsche Telekom)
and startups (e.g., EdgelQ, Memfault and 1nce) are all
looking to disrupt the loT device management ecosys-
tem. “One key insight is that while competition breeds
commoditization, companies are still keen to differenti-
ate their device management services. Often this en-
tails providing security services like device attestation,
and mutual authentication while other players are con-
sidering remote hardware configurability in application
segments like asset tracking, telematics and condition-
based monitoring. In general, more and more suppliers
are adding device management services to differenti-
ate their loT solution suite and capture more loT solu-
tion revenues,” Haider concluded.
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Mlcable announced the latest solid state high gain broadband power amplifier MPAR-005060P44
which covering 0.5~6GHz with output power 40W. It uses state-of-art GaN design technology and
can reach higher saturated output power while keeping higher P1dB and better linearity.

Its built-in control, monitoring and protection functions improve the reliability of the amplifier.

It is designed for applications, such as 5G/ LTE, WIFI and other related system & EMC test.

+Custom designs are available

Fujian Micable Electronic Technology Group Co. Ltd
Tel: +86-591-87382856 Email: sales@micable.cn Website: www.micable.cn
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MERGERS & ACQUISITIONS

Rohde & Schwarz announced that it has acquired U.K .-
based The Technology Academy, a long-established
provider of online training courses in the fields of RF,
wireless and microwave engineering technology. The
Technology Academy is an ideal partner to expand the
existing training offerings of Rohde & Schwarz and will
play a significant role in increasing the company’s future
professional services. The Rohde & Schwarz Technology
Academy combines the expertise and industry insights
of the trusted test and measurement manufacturer—
currently providing live and virtual trainings from their
in-house training center as well as on-site trainings for
existing customers—with the web training expertise of
The Technology Academy.

COLLABORATIONS

Smart antenna start-up ALCAN Systems and AGC
Inc., a leading manufacturer of glass, chemicals and
high-tech materials, announced the successful devel-
opment of transparent antennas for indoor mmWave
Fixed Wireless Access (FWA) following rigorous dem-
onstrations at ALCAN’s head office in Darmstadt. The
test results showed a real-world, effective solution to
address the challenges of in-building penetration for
mmWave 5G. The technology developed by ALCAN
in partnership with AGC uses ALCAN's unique liquid
crystal-based phased array technology which allows for
a transparent solution. This will be added to existing
windows with a discreet FWA unit. The FWA units give a
low-cost, low-power, transparent and easy to install so-
lution to address the challenges of mmWave penetra-
tion in-buildings.

ACHIEVEMENTS

Keysight Technologies Inc. has been granted the first
Federal Communications Commission (FCC) Spectrum
Horizons Experimental license for developing 6G tech-
nology in sub-THz frequency bands, between 95 GHz
and 3 THz. The FCC license enables Keysight to de-
velop cutting-edge technology used by researchers in
academia and the industry to accelerate innovations that
support data-intensive high bandwidth applications, im-
aging and sensing. Keysight is also the first company to
be granted FCC licenses above 246 GHz and 275.5 GHz.

IMST is celebrating their 30-year anniversary. IMST was
founded in 1992. Already in January 1995, the new IMST
headquarters, with 5000 m?2 of office space and special
laboratories, was completed and the staff of the very be-
ginning moved into this modern and well-equipped build-
ing in Kamp-Lintfort. Since the very beginning, a large part
of the work at the IMST has been dedicated to innovative
research for industrial applications. IMST is still heavily en-
gaged in various challenging research and development

For More
Information
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projects funded by industry or government. IMST is an
active member of many national and international com-
mittees and standard organizations, like the International
Electrotechnical Commission, ETSI and IEEE.

Richardson Electronics Ltd. announced it received a Gold
Tier Award for exceptional performance and contributions
to supply chain success for BAE Systems, Inc.’s Electronic
Systems sector. Richardson Electronics was honored at a
virtual ceremony and was selected from the pool of suppli-
ers that worked with BAE Systems in 2021. BAE Systems’
Partner 2 Win program is designed to achieve operational
excellence and eliminate defects in its supply chain by
raising the bar of performance expectations to meet the
demand of current and future customers. As part of the
program, BAE Systems meets regularly with its suppliers
to transfer best practices to ensure that the components
and materials that compose BAE Systems products meet
the highest quality standards.

CONTRACTS

The U.S. Air Force (USAF) has selected BAE Systems,
with support from FlexRadio, to provide software-
defined radios for its Airborne High Frequency Radio
Modernization (AHFRM) program. The contract, which
has a value of $176 million, provides a secure alternative
to satellite communication methods. The AHFRM solu-
tion maintains over-the-horizon communications while
defeating jamming from potential threats in a drop-in
compatible radio design that maximizes FlexRadio’s
commercial off-the-shelf technology.

Hughes Network Systems LLC announced the award
of an $18 million contract from The U.S. DoD to deploy
a standalone 5G network at Naval Air Station Whid-
bey Island in Washington state. The Other Transaction
Agreement was issued through the Information Warfare
Research Project consortium, a collaboration to engage
industry and academia to develop and mature technol-
ogies in the field of information warfare that enhance
Navy and Marine Corps mission effectiveness.

Mercury Systems Inc., a leader in trusted, secure mis-
sion-critical technologies for aerospace and defense,
announced it received a $6.9 million order from a lead-
ing defense prime contractor for high performance,
OpenVPX™ digital signal processing systems for a
manned airborne radar application. The order was re-
ceived in the company’s fiscal 2022 third quarter and
is expected to be shipped over the next several quar-
ters. Mercury’s advanced signal processing systems un-
derpin customers’ mission-critical programs across the
globe, ultimately providing pilots with the high-resolu-
tion, actionable data required for situational awareness
wherever their mission takes them.

PEOPLE

After 26 years, effective July 1, 2022, Subi Katragadda
will step down as general manager of Amphenol SV
Microwave. Under his stewardship, SV has experienced

For up-to-date news briefs, visit mwjournal.com
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Aroundthe Circuit

tremendous growth, diversification
and organizational development. Tak-
ing up the mantle, Andrew Dinsdale
will become the next general manag-
er of SV Microwave, effective on July
1. Dinsdale joined SV in 2008 as an
application engineer, and since then
has worked as a business develop-
ment manager focused on diversifica-
tion into the high frequency commer-
cial market and most recently, as director of marketing
and applications engineering. In his latest role, Dinsdale
has been instrumental in driving SV's wonderful perfor-
mance over the last several years.

A Andrew Dinsdale

Keysight Technologies Inc. an-
nounced that Roger Nichols, 6G pro-
gram director at Keysight, has been
appointed to the Technological Advi-
sory Council for the FCC, an indepen-
dent U.S. government agency that
regulates communications within the
U.S. and internationally. Roger Nich-
A Roger Nichols ©Is joins a diverse group of leading
technology experts selected by FCC
Chairwoman Jessica Rosenworcel to provide technical
expertise in several important areas, including 6G, arti-
ficial intelligence and advanced spectrum sharing, as
well as emerging wireless technologies.

Anritsu Company announced that
Dr. Alexander Chenakin, director of
R&D, has been elected chair of the
IEEE TC-10 Signal Generation and
Frequency Conversion Committee.
As chair of the committee, Dr. Chena-
‘ kin will lead a diverse group of recog-
g nized industry technology experts in
A Alexander the signal generation and frequency
enakin . . . . L
conversion field. It is the mission of
the committee to promote the development of signal
generation and frequency conversion techniques ap-
plied to circuits and systems. The committee will evalu-
ate new developments in the fields of RF and micro-
wave oscillators, frequency multipliers and dividers,
mixers and frequency synthesizers.

REP APPOINTMENT

Kymeta announced a distribution partner agreement
with OneWeb Technologies, a wholly owned subsidiary
of low Earth orbit satellite communications company
OneWeb, enabling Kymeta to resell services with its
fixed and mobility hardware solutions to the U.S. govern-
ment. Access to broadband connectivity services from
the leading satellite connectivity platform will provide
customers with an additional mission-critical connectivity
resource, supplementing Kymeta's existing broadband
geostationary orbit and 4G cellular service offering.
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The Use of GaN RF Switches in
High-Power Radio Design

Manish Shah

Tagore Technology Inc., Arlington Heights, .

GaN RF switch technology enables the efficient realization of modern high-power multi-band
radios in terms of size, weight and power (SWaP) while significantly reducing complexity.

IN diode technology has

been the historic choice to

realize the RF switch func-

tion in RF front-end (RFFE)
high-power radio design. This
technology was adequate as the
number of frequency bands were
limited and board space was not
a constraint. Modern high-power
base stations and tactical military
communications radios, however,
are required to cover many bands to
meet demand for secure voice and
data communication while optimiz-
ing SWaP.

5G base station remote radio
head (RRH) design is becoming ex-
tremely complex, driven by mMIMO
architectures, where many RFFEs
must be implemented in limited
board space. RRH units are typically
mounted on tall poles, which adds
additional constraints in terms of
total size and weight to ease instal-
lation and maintenance of base sta-
tion equipment. RFFE efficiencies
and total loss budgets are also criti-
cal to manage total thermal dissipa-
tion. Lower loss in front-end filters
and RF switches helps reduce total

TS8x4xx

TA9210/TA9310E
@ 10-20 W
30-500 MHz
10 dBc
TA9210D |

500-2600 MHz

TS8x4xx 2000 MHz TS8x4xx

Path

21 TS8x4xx

LB Rx

37/35 dBm (LB/HB)

TS8x2xx 75/80
b

1t

TS8x2xx fo nfo

TS8x2xx

HB Rx

A Fig. 1 Dual PA front-end for a tactical military communications (MIL-COM) radio.
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power loss and relaxes heat sink
requirements, which also reduces
RFFE size and weight.

High-power phased array radars
are like 5G base stations, where
many RFFEs are required to be in-
tegrated in a limited board space.
It is becoming prohibitively difficult
to realize multiple frequency bands
and multiple RFFEs distributed over
a wide frequency range with tradi-
tional PIN diode switch technology
due to the complex biasing schemes
and numerous passive components
required. New RF switch technol-
ogy can help solve many of these
issues.

TACTICAL MIL-COM RFFE
REQUIREMENTS

Figure 1 represents the typi-
cal dual power amplifier (PA) RFFE
lineup of tactical military communi-
cations radio. The dual PA architec-
ture, normally with GaN-based PAs,
is most common, covering a broad
frequency range of 30 MHz to 2.6
GHz. Continuous frequency cover-
age is essential in many proprietary
military  software-defined radios
covering 30 MHz to 2.6 GHz, for a
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6.5 octave band-
width; thus, a the-
oretical minimum
of seven bands are
needed.

A harmonic fil-
however, re-
quires a guard
band to achieve
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A Fig. 2 Harmonic filter requirement for the tactical radio.
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the frequency within the band. For
example, as shown in Figure 2, the
first band cannot be 30 to 60 MHz,
or one octave, since the second
harmonic of 30 MHz falls within the
band. The first band must be 30 to
50 MHz, assuming a 10 MHz guard
band to achieve the desired filter re-
jection to meet harmonic rejection
requirements.

With a minimum 10 MHz guard
band, frequency range must be split
into eight discrete bands to have
continuous coverage from 30 MHz
to 2.6 GHz. The main function of the
RF switch in this lineup is to route
the RF signal to the appropriate
harmonic filters and combine the
signals, again, after passing through
the harmonic filter to route them to
the antenna. Performance of the RF
switch is critical to the radio’s overall
performance.

Switch insertion loss is one of the
most important specifications to re-
duce total power dissipation. Lower
insertion loss of the switch also re-
duces total power required from the
PA. A reduction in PA output power
lowers PA DC power consumption,
one of the biggest contributors to
a system’s total DC power require-
ment, thus improving the talk time
of battery powered portable radios,
which is crucial in mission-critical ap-
plications. Reduction in power loss,
and thus total thermal dissipation,
also helps reduce the size of the heat
sink which in turn helps reduce the
total size and weight of the radio,
which is also very important in many
military communication applications.

The second key specification is
switch harmonic performance, es-
pecially switches which are used
after the harmonic filters. Land
mobile/private mobile radio (LMR/
PMR) is specified to meet a 75 to
80 dBc harmonic requirement at
rated power. PAs are operated deep
into saturation for better efficiency,
where harmonic levels are in the
range of 10 to 20 dBc. Thus, har-
monic filters are required to provide
a minimum of 60 to 70 dB rejection
to meet regulatory requirements.

For military radios, switches
used after harmonic filters do not
have the benefit of harmonic filter
rejection, thus their harmonic per-
formance needs to be better than
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Fail-Safe Switch

A Fig. 3 Notional RRH front-end.

the overall requirement to meet
the total transmit (Tx) lineup re-
quirement. Based on the harmonic
performance of the PA+ filter, the
harmonic performance of switches
must be better than 80 dBc to meet
regulatory requirements.

Figure 1 also demonstrates an-
other critical issue associated with
switch isolation. Isolation of switches
at lower frequencies is typically very
high, so it is not an issue; however,

Wireless Intr“astruclm

it could pose a problem for higher
bands. The second harmonic of the
1 GHz signal path, shown by green
arrow in Figure 1, for example, could
pass through the 2 GHz signal path,
shown by the red arrow. The 2 GHz
path harmonic filter does not provide
any rejection, thus combined input
and output switch isolation must be
higher than the rejection provided
by harmonic filter to meet the overall
harmonic requirement.

)
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BASE STATION AND RADAR
RFFE REQUIREMENTS

Figure 3 represents the lineup
of a typical base station or RRH
unit. Modern 5G base stations use
mMIMO architectures for electron-
ic beam steering, requiring many
RFFEs depending on the number of
transmitters and receivers in the ar-
ray. High-power phased array radars
use similar architectures as well.

In both applications, RF switches
provide a fail-safe function to pro-
tect the receiver in the event of a
poor VSWR condition from the an-
tenna. In the event of poor VSWR,
due to damage or an object, such
as a bird blocking a portion of the
antenna aperture, Tx power reflects
back to the radio during transmit.
In the absence of a fail-safe switch,
high reflected power could dam-
age the sensitive receiver. A fail-safe
switch is added in the receive (Rx)
lineup to address such scenarios.

The fail-safe switch is switched to
the Rx port during the Rx time slot
and to the Tx port during the Tx
time slot. In the event of high VSWR
during Tx, the switch routes the re-
flected power coming from the an-
tenna through a circulator to a 50 Q
load connected at the Tx port of the
switch, thus protecting the receiver
from high power.

Key RF switch requirements for
the fail-safe application are low in-
sertion loss in Rx and high power
handling in Tx. During the Rx time
slot, the switch falls in the Rx path,
thus its loss directly impacts the
overall noise figure and thus sensi-
tivity of the receiver. During Tx, the
switch must handle the maximum
transmit power in the event of poor
VSWR and provide high isolation to
the Rx port.

The system is designed to detect
poor VSWR conditions, however a
switch must handle high power until
the system detects a fault condition
and reduces Tx power or turns-off
the transmitter. This duration is typi-
cally 10 seconds before the system
reacts, thus the switch needs to
handle high power without damage
during this interval.

Typical isolation varies from 25 to
35 dB depending on the maximum
peak power of the transmitter and
maximum power handling capabil-
ity of the low noise amplifier. The
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IRFpeAK

+ VRFpgak —

high voltages and
currents. These are
key characteristics
of wide bandgap
devices such as
GaN, and the same

-
: o

Veeak
Fore

-

—|3FF
on!

properties exploit-
ed to design high-
power GaN PAs.
Another impor-
tant parameter s

A Fig. 4 GaN RF switch.

switching time requirement for a
base station application is less than
1 us. For radar, the switching time
requirement is more stringent as it
directly impacts radar range.

GAN RF SWITCH TECHNOLOGY

GaN's benefits in high-power
PAs are well known. A wide band-
gap GaN device has a high power
density due to its high breakdown
voltage and high carrier density.
GaN’s benefits in high-power switch
technology are not as well known;
however, the properties of GaN that
improve PA performance apply to
the realization superior high-power
RF switches as well.

As shown in Figure 4, there are
two requirements for RF devices
used in high-power RF switches.
The ON arm of the RF switch must
handle very high RF current, where
the OFF arm must handle very large
RF voltages. Table 1 lists peak RF
voltage and current requirement
versus RF power for RF switches.

For example, 10 W of RF power
generated in a 50 Q system produc-
es 32 V peak and 600 mA of peak
current. With a 4:1 VSWR, which is
typical for the front-end section of
a radio, a switch must handle more
than 50 V peak and 1 A of peak cur-
rent. For 100 W of RF power gen-
erated, a switch must handle 160
V peak and 3.2 A of peak current.
RF switches, therefore, must handle

the figure of merit
(FoM) for high
performance, high-power switches
(Ron*Coff/Vg,). Where Ron is ON
resistance of the switch, Coff is
the off capacitance and Vg is the
breakdown voltage. The lower the
number, the more superior the tech-
nology. Tagore's second generation
of GaN technology has a FoM of
3 fs/V. As technology matures and
improves, the FoM should improve
further with newer generations, en-
abling further improvements in the
switch performance.

GAN VERSUS PIN DIODE RF
SWITCHES

Tagore's GaN RF switches are
designed with depletion mode
GaN HEMT technology. The GaN
HEMT with a high breakdown volt-
age has a saturation current close
to 1T A/mm, so a 2 to 3 mm device
theoretically meets the peak current
requirement for 100 W of power in
a 50 Q system. The switch function
is like a silicon on insulator (SOI)-
based switch where the device is
turned on/off by applying voltage at
the gate terminal. Unlike SOI, how-
ever, where the breakdown voltage
is very low, typically around 3V, the
breakdown voltage of a GaN device
is very high.

A high-power switch can be real-
ized without stacking many devices
in series, which is critical for reducing
Ron and Coff. Because the devices
are in depletion mode, they require

TABLE 1
RF SWITCH PEAK RF VOLTAGE AND CURRENT
POWER (W) VRFpgak (V) IRFpgax (A)
500 4:1 VSWR 50 0 4:1 VSWR
10 32 51 06 1.0
30 55 88 1.1 1.8
50 71 13 14 23
100 100 160 20 32
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In recent years of continuous
development and improvement
of Microwave Power Solutions
a clear direction has been
observed and followed: to
increase the operating
frequency and/or power
output parameters Systems.

Leonardo, with his centre of excellence
based in Palermo (Italy) since 1956,
was not long in coming and thanks

to appropriate strategic investments
it continues to be in line with market
trends as world player in the supply of
both technologies solutions (Vacuum
High Power and Microelectronic

Solid State Power Amplifiers) with
the mission to be able to respond

the present and future challenges

of this specific area. As leader in the
design and manufacturing, Leonardo
Microwave Power Solutions (MPS)

leonardo.com

offers a complete set of High Power
Microwave products developed to
achieve complex solutions, based on
emerging technologies.

Building upon a 70-year heritage in this
area, with more than 4000 TWT/30,000
Microelectronics Hybrid/300 SSPA
delivered for airborne platforms,

3000 TWT/200 SSPA for naval and
3,000 TWT/300 SSPA for seeker,

today Leonardo MPS has an extensive
expertise in the development and
production of state-of-the-art of
TWT-A/HPA (TWT-Amplifiers/High
Power Amplifier), TWTs, mini TWTs,
Microwave Power Modules (MPM),
Transmitter/Receiver (Tx/Rx), Solid
State Power Amplifiers (SSPA),
Microelectronic Hybrids (HLLNA,

SYNTH, UP/DOWN CONVERTER, WBFE).

All Leonardo’s products and solutions
can be customized in accordance
with specific needs to be able to

deliver a worldwide Microwave Power
Solutions for all platforms (airborne,
land & naval, missile and space) and
different applications (Electronics
Warfare, Fire Control and Surveillance
Radar, Meteo, Air Traffic Management,
Communications, Seeker, SAR).

Leonardo MPS portfolio includes a wide
range of solutions, in terms of operating
frequency, power output and duty

cycle key parameters and boasts of an
important “two technologies best in
class” product list (for Microelectronic
Power Solutions: SSPA X-Band 1kW
Pulsed, SSPA Ku-Band 400W Pulsed,
SSPA Ka-Band 100W Pulsed and for
Vacuum Power Solutions: HPA Ka-Band
up to 800W Pulsed, MPM 6-18 GHz
120W up to CW, TWT 4.5-18 GHz 150W
up to CW, mini-TWT Ka-Band 150W

up to CW and CC TWT X-Band 12kW
Pulsed).
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tion of bias current,
where OFF state
power handling is
controlled by ap-
plying a high re-

> verse bias voltage.
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CNTL4 140V
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= a

It requires high for-
ward bias current,
Bine 3 in the range of 200

to 400 mA for 100
W switch, and high
reverse bias volt-
age, in the range of

Figure 5a shows
typical imple-
mentation of a PIN
diode-based SP4T
100 W switch with
the lowest operat-
ing frequency of

Bias 4 0V

RFC

e

RF1 |—

I

3V, 200 pA

Cayp

(b)

—| RF3
Re2 [ —]rra
Vsup Vi V2

50 MHz. The fig-
ure shows the bias
condition when
the RF1 path is
ON. To keep the
ON resistance low,
the ON path di-
ode is biased at
400 mA, shown
with red fonts and
arrows. The OFF

A Fig. 5 PIN diode (a) and GaN (b) SPAT RF switches.

negative voltage to turn them off
and zero volts to turn them on. All
Tagore switches are designed with
a controller die co-packaged with
GaN die. The controller generates
gate voltage signals to control all
the GaN devices. Negative voltage
is generated inside the controller,
so it requires only a minimum 2.7 V
(5.5 V maximum) supply and a 1.2
V (5.25 V maximum) logic signal
to control the RF switch state. The
only external component necessary
is a bypass capacitor on the charge
pump pin, as shown in Figure 5.
Unlike GaN RF switches, PIN di-
ode-based RF switch design is much
more complex and requires many it-
erations to implement and optimize.
Performance is heavily dependent
on the parasitics associated with ex-
ternal components and board layout
as many passive biasing devices are
connected to the RF signal path. PIN
diode control requires both high cur-
rent and high voltage. The ON state
resistance of the PIN diode is a func-

path shunt diodes
are biased at 25
mA and the series
diodes are reversed biased at 140
V. The ON state bias power require-
mentis 2 W (5 V x 400 mA) and the
OFF state bias power requirement
for each path is 3.5 W (140 V x 25
mA). The total DC bias power re-
quirement to bias the 4T switch
is 12.5 W. The majority of biasing
power is dissipated in bias resistors,
thus they must be capable high-
power dissipation. Additional boost
circuitry is required to generate the
high voltage to reverse bias the di-
odes from low supply rail.

As shown in Figure 5, the PIN
diode requires 32 passive compo-
nents, not counting the boost con-
verter circuit, while the GaN-based
switch can be realized with 3 V and
200 uA current, or 0.6 mW total
power consumption and two com-
ponents. As RF ports are 50 Q with-
out any passive components con-
nected, the design can be imple-
mented and ported to any board,
eliminating the design complexity
associated with the diode switch.
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GaN-based  solutions  require
board space on the order of 1/10 of
PIN diode designs—3 x 3to 5 x 5
mm—and DC power dissipation is
almost zero, which reduces heat sink
requirements, further reducing over-
all size and weight. The MIL-COM
radio RFFE shown in Figure 1 would
require 176 components for a PIN di-
ode solution, not including compo-
nents for high voltage boost circuit,
versus seven switches and seven ca-
pacitors for a GaN-based solution.

GAN RF SWITCH
PERFORMANCE

The following examples from
Tagore Technology's portfolio of
GaN RF switches with integrated
controllers will illustrate the perfor-
mance capabilities of GaN. Figure
6 shows the performance of its
TS8021N 2T switch. Figure 6(a) and
6(b) show the small signal perfor-
mance. It has a very low insertion
loss (IL) of 0.2 dB at 1 GHz and less
than 0.5 dB up to 4 GHz. Figure 6(c)

—

NORDEN
MILLIMETER

Norden Millimeter Develops
State of the Art RF Systems
and Sub-assemblies for Military,
Aerospace, and Satcom Applications.

Contact Sales to Learn More.

www.NordenGroup.com
(5630) 642-9123
Sales@NordenGroup.com

shows that the switch has a P¢,_0.1
dB of 50 dbm (100 W). Harmonic
performance is better than 80 dBc
up to 90 W of power as shown in
Figure 6(d). The 5 x 5 mm QFN
package requires only one external
capacitor. The switch is ideally suit-
ed for a high-power manpack, trunk
mount radio application.

Figure 7 shows the performance
of a TS8242FK, 4T switch with a
Pcw_0.1 dB of 30 W, ideally suited
for filter bank fanout, as shown in
Figure 1, for portable 10 W LMR/
PMR or military communications ra-
dios. The switch has 0.3 dB ILat 2.5
GHz and harmonic performance is
better than 85 dBc at 10 W.

TS8329FK  switch performance
(see Figure 8) is designed for a
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A Fig. 6 TS8021N switch performance:
insertion loss (a), isolation (b),
compression (c) and harmonics (d).
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A Fig. 7 TS8242FK switch
performance: insertion loss (a), isolation
(b), compression (c) and harmonics (d).
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into 50 Q (see Figure | ©

9a) and with ar,] 8:1 A Fig. 8 TS8329FK switch performance: insertion loss (a),
VSWR  (see Figure jsolation (b) and compression (c).

9b). The thermal im-

age is taken after the part is exposed
to this condition for 1 minute. VSWR is
shown for the worst condition, in terms
of power dissipation, which happens in

the low impedance
state. The tempera-
ture in the opposite
condition, worst in
terms of peak volt-
age, is much lower
and can be easily
withstood  because
of the characteristic
high breakdown volt-
age of GaN devices.

SUMMARY
High-power
front-end  design

A Fig. 9 TS8021N switch temperature profile when matched

to 50 Q (a), with an 8:1 VSWR (b).
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using GaN switch

technology has been demonstrated.
GaN RF switches address major chal-
lenges associated with board space
and SWaP in tactical military com-
munications and base station radios.
GaN switch technology eliminates the
complexity associated with PIN diode
switches for RF design engineers and
makes the design portable, which is
critical for mMIMO and phased ar-
ray architectures, given that Tx and
Rx array size continues to grow. With
further technology advancement and
improvements in the FoM, newer
generations of GaN-based switches
will open the door for many appli-
cations, such as high-power tunable
matching circuits, tunable antennas
and tunable filters. B
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The Unique Challenges of GaN
Amplifier Production Test

Devin Morris

Roos Instruments, Santa Clara, Calif.
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ith the rollout of 5G, an im-
portant link of the new radio
network infrastructure chain
is the power amplifier (PA) in
the gNodeB base station. The PAs are ex-
pected to operate without failure, often in
extreme conditions, and the 5G standards
cover broader bandwidths at higher fre-
quencies and with higher efficiency. Accord-
ingly, the PAs and the semiconductor devic-
es comprising them have more rigorous and
strenuous testing requirements compared to
the RF front-ends in mobile devices.
Traditionally, Si laterally-diffused metal-
oxide semiconductor (LDMOS) was the pre-
ferred process technology for base station
PAs; however, as LDMOS has performance
degradation as the frequency increases be-
yond 3 GHz, GaN on SiC has emerged as
a competitive alternative, offering distinct
advantages for high power applications.
One of the most significant advantages is
its larger bandgap compared to Si, which
yields a larger breakdown voltage and more
thermal stability at higher temperatures.
Secondly, GaN on SiC has higher thermal
conductivity compared to Si, which means
higher efficiency at comparable operating
voltage, reducing the challenge of thermal
management. Lastly, GaN’s breakdown field

is significantly higher than Si's, with 10x the
voltage handling before failure. This enables
GaN devices to be manufactured with small-
er die size despite the higher power density.

The advantages of this process technol-
ogy bring unique test challenges to qualify
the performance and robustness of RF GaN
devices and MMICs. As GaN is a relative
newcomer in base station PAs, production
testing is a mix of process characterization,
performance qualification and reliability
evaluation. The higher performance char-
acteristics and unique biasing required for
GaN amplifiers add complexity compared
to traditional LDMOS ampilifiers. This article
discusses how test systems can address this
complexity.

BIASING

Compared to enhancement mode
LDMOS, GaN HEMTs require both positive
drain and negative gate bias from the test
equipment. While the voltages are conven-
tional, the idle state voltages of the supplies
and the sequencing of the DC bias are de-
ceptively tricky to avoid damage to the de-
vice under test (DUT) or the test equipment.
As a depletion mode FET, GaN devices
require a negative pinch-off voltage at the
gate to keep the transistor turned off before
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ApplicationNote

applying the drain voltage, followed
by a gate voltage adjustment to the
correct bias voltage before RF test-
ing. The reverse of this sequence
must be applied at the end of test-
ing and before the next device is
tested. This requires the test equip-
ment to have specialized sequenc-
ing and idle state control, and the
device interface must provide a “fail
safe” to prevent a faulty device from
damaging the socket or test equip-
ment.

With lower “on” resistance com-
pared to Si and a high breakdown
voltage, GaN devices require high
voltage and low current testing.
Characterization of the breakdown
voltage is common, requiring volt-
ages greater than 100 V while si-
multaneously measuring current in
the pA to nA range. This testing
requires fast and precise response
times from the equipment, to abort
the test once the breakdown volt-
age is exceeded and avoid perma-
nently damaging or degrading the
DUT.

MICROWAVE TESTING

One of the most significant chal-
lenges of testing GaN RF devices
is the prominent role and require-
ments of microwave test in evaluat-
ing performance. As 5G standards
push frequencies above 3 GHz with
stringent requirements for output
power, linearity and efficiency, GaN
device manufacturers are relying on
the RF performance to differentiate
their products from LDMOS. This
requires the production test envi-
ronment to emulate the traditional
microwave test bench. However, in-
stead of multiple, dedicated bench-
top instruments or custom load
board solutions, comprehensive,
integrated and modular microwave
automated test equipment (ATE)
solutions are favored (see Figure
1). This need resulted in the devel-
opment of ATE architectures deliv-
ering comparable performance to
bench instruments while providing
configurable test resources custom-
izable to the application and with
the flexibility to meet shifting per-
formance requirements. This capa-
bility handles a range of microwave
measurements with only a single
device insertion.
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A Fig. 1 Production ATE with
integrated microwave test capabilities
for fully testing PA devices with a single
insertion.

The challenge testing GaN base
station amplifiers in production is the
combination of high RF power, high
frequency and high measurement
precision. These factors influence
multiple facets of the ATE configu-
ration, capabilities, interface design
and calibration. On the equipment
side, the microwave source and
measurement instrumentation have
moved from the device interface
into dedicated microwave instru-
ments in the ATE combining spec-
trum analyzer, power meter and
vector network analyzer capabili-
ties. This integration enables broad
frequency and test coverage with
specified measurements and inte-
grated calibration. It removes instru-
ment complexity from the device
interface design, so it plays a more
application-specific role as the load
string for high power conditions and

guency requirements place greater
importance on calibration. While
the type of instrumentation and
measurement will dictate whether
a vector or scalar power calibration
is required, the benefits and limita-
tions of each pertaining to amplifier
testing should be understood.

ATE CALIBRATION

Scalar calibration has advantages
in linearity and efficiency measure-
ments where the power accuracy is
critical. Scalar calibration typically
involves a broadband power meter
with sensor to determine the signal
power at the measurement plane.
However, the power sensor does
not differentiate spurious or har-
monic signal power from the source
power; the higher power with PA
testing increases the likelihood of
spurs and harmonics. To understand
these sources of measurement er-
ror, the test designer must assess
the test system’s source distortion,
the receiver's bandwidth and its out-
of-band rejection.

Vector calibration has advan-
tages for relative measurements
such as gain and return loss. The
calibration is able to correct for
mismatch and accurately account
for how much signal is absorbed or
reflected from the DUT, which can
affect the accuracy of power-added
efficiency (PAE) measurements. PAE
requires an accurate measurement
of amplifier's actual input power,
accounting for the often poor in-
put match. The challenge for vec-
tor calibration is the higher signal
power involved. While the small-
signal model of PAs more closely

signal  provision-
ing for specialized
measurements (see
Figure 2).
Amplifier mea-
surements typically
include gain, gain
flatness, efficiency,
adjacent  channel
power (ACPR), lin-
earity (EVM) and
other linearity
specifications such
as P1dB and P3dB'
With 5G PAs, the

Load
Board
Device
Interface
Fixture

Test System

Instument

performance lev- A Fig. 2 ATE architecture, where the signal source and

els and higher fre-

device interface.

measurement instrumentation are in the instrument, not at the
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resembles a 50 Q environment, the
large-signal characteristics can dif-
fer significantly, presenting VSWRs
that cause large peak-to-peak gain
errors. This warrants signal condi-
tioning in the source to reduce large
reflections that can damage the test
equipment or the DUT. The setup
must also mirror the actual test and
be repeatable, so the calibration
accurately corrects matching errors
during device testing.

MiniRF .
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e Enables DOCSIS 4.0 & full duplex requirements

¢ Achieve max RF output power w/ MiniRF passives
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Standard & Custom Components

The calibration reference plane
should be as close to the DUT as
possible to achieve an accurate rep-
resentation of performance. This
means the device interface environ-
ment must provide access to the mi-
crowave source and measurement
port connections and be compat-
ible connecting to power sensors
and the open/short/load standards
(see Figure 3). ATE that supports
multi-layer calibration software for
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individual instruments, multi-instru-
ment system integration and device
interfaces provide an advantage.
This capability enables the ATE
components to be efficiently and
reliably exchanged and replaced on
the production test floor.

PULSED DC/RF

Because of the high power den-
sity of GaN, the upper limits of the
power and thermal handling of the
device must be qualified. Despite
GaN’s enhanced thermal proper-
ties, heat dissipation is a problem in
a production test setting, as it is im-
practical to provide adequate heat
sinking for on-wafer testing and
most packaged devices. Therefore,
most testing uses pulsed DC and RF
measurements, which avoids dam-
aging or degrading the DUT while
providing in-situ conditions and ro-
bust qualification.

Forinstance, a typical P; 45 or P345
measurement involves several tests,
all requiring fast, stable and repeat-
able measurements to accurately
determine linearity. The first step is
to determine the DC bias conditions
at normal operation and ensure it is
within the expected range. With the
gate and drain bias set, a sweep of
input RF power at one or multiple
frequencies provides the linear gain
and compression characteristics.
Because of process and package
variations, the sweep range can vary
from 5 to over 20 dB with step size
under 0.5 dB to capture the linear
range and compression of the pow-
er transfer characteristics. From the
measured output power sweep, the
input power for the 1 dB and 3 dB
compression points are extracted.

Another significant measurement
is efficiency or PAE, the amplifier’s
power conversion ability. Efficiency
is defined as the ratio of RF output
power to the corresponding DC in-
put power, expressed as a percent-
age; PAE subtracts the RF input
power from the calculation. These
measurements are indicators of
end-use performance and competi-
tive differentiation. While the defini-
tion of efficiency is straightforward,
the measurement can be challeng-
ing as it relies on several underlying
tests. For product specifications,
efficiency is typically computed at
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Isolators

Relays

High-Power
Attenuators

Microwave
Couplers

A Fig. 3 Typical high-power device interface.

multiple power conditions. In production test, the mea-
surement typically happens in two steps: 1) a sweep of
input power to characterize the amplifier's power curve,
followed by 2) RF and DC measurements at specific
output power values: within the linear range, at 1 dB
compression and 3 dB compression. Both the length
of the power sweep and speed of the instrumentation
must avoid thermal heating of the DUT, both to avoid
degradation to the device and to maintain a consistent
thermal environment when measuring the RF output
power at various points, necessary to ensure accuracy

of the efficiency calculation. This places the following

requirements on the instrumentation:

* The sweep requires a pulsed RF source and a mea-
surement capture of a few milliseconds.

* The measurement accuracy of the output power
sweep is critical since the input power settings on the
second pass depend on the measured output pow-
er. For efficiency measurements in the linear power
range, a +0.1 dB difference in measured output
power translates to almost a +0.5 point difference in
efficiency. This is exacerbated when the amplifier is
in compression, as each +0.1 dB difference in mea-
sured output power translates to approximately a =1
point difference in efficiency.

* The source linearity and measurement repeatability
of the test system will affect the accuracy.

* Amplifiers generate harmonics from the high RF pow-
er and circuit design, which are undesirable and often
overlooked or disregarded when measuring efficien-
cy, despite being contributing factors to measurement
uncertainty. This should be considered in the design
of the test setup. For accurate efficiency measure-
ments, a narrowband, tuned receiver is better than a
broadband receiver (see sidebar).

SUMMARY

Despite the challenges described in this article, cur-
rent ATE systems provide accurate microwave mea-
surements of GaN PAs in a manufacturing environment,

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:

www.westbond.com

1551 S. Harris Court Anaheim, CA 92806
Ph. (714) 978-1551
E-Mail: sales@westbond.com
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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
Ball Size Control
High and Low Frequency

7" Capacitive Touch Screen

WEST-BOND., T
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~~  YLUS,
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PLD Series . Smart PLL Series RFS/SFS Series
NEW! Integer-N & Fractional-N NEW! Smart PLL Phase Locked Oscillators
Dual Output Synthesizers Programmable Signal Source « Wide Range of Frequencies Available
* RF and IF outputs Controlled functions via mobile app or USB * Int/ext reference options
* Customizable frequencies and loop filter connection: Frequency, Output power, Step size, ° nghW_ stable ;
bandwidth Sweep time, int/ext reference, Power supply * Superior phase noise
* Optimized phase noise * Plug & Play
* Low power consumption * Compact size 0.6in x0.6in x0.13in

* Low harmonic and reference suppression
* Compact size 0.6in x0.6in x0.13in
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35 Years of Performance, Reliability and Delivery you can Trust
I [ Z~Communications, Inc. zcomm.com | +1(858) 621-2700 | sales@zcomm.com
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TABLE 1
TYPICAL ATE MEASUREMENT REPEATABILITY

Measurement Standard Deviation

Gain 0.020 dB

Prug 0.013 dBm
Efficiency at P14 0.309 pp

Paus 0.010 dBm
Efficiency at P34z 0.200 pp

meeting the test time, cost and reliability expectations
of production. Table 1 shows the measurement repeat-
ability achievable for the most common PA measure-
ments.

Semiconductor process development will continue
to improve device performance, and production test-
ing of these devices will remain a mix of characteriza-
tion and qualification. Ensuring the quality of the test
data is important to reduce process variation, improve
device yield and help predict how process changes af-
fect device reliability. Testing requirements will contin-
ue to evolve as 5G-Advanced and 6G standards move
operating frequencies higher, and GaN device technol-
ogy extends its advantages to higher frequencies. ®

TEMI}SIPI

-+ 90 29

SPOKANE, WASHINGTON

When Power Accuracy Matters,
A Tuned Receiver Is Preferred

When correlating measured power between dif-
ferent setups, there is often a discrepancy between
power meters and tuned receivers. PAs are generally
driven into compression, which means there can be
significant power in the harmonics. A tuned receiver
measures only at a limited bandwidth around the de-
sired frequency and rejects signals at other frequen-
cies. A typical power meter is untuned and measures
the total combined power of the signals in its operat-
ing bandwidth.

Example: A GaN PA operating at 5.6 GHz generates
harmonics at 11.2, 16.8, 22.4 ... GHz. The power meter
reflects the combined power of the fundamental and
all harmonics in its bandwidth, while a tuned receiver
reports only the fundamental power at 5.6 GHz. While
both measurements are technically correct, the user
usually wants just the in-band power.

IEEE EMC SOCIETY
th

TOP 5 REASONS TO ATTEND THE 2022 IEEE INTERNATIONAL SYMPOSIUM
ON ELECTROMAGNETIC COMPATIBILITY & SIGNAL/POWER INTEGRITY

Participate in More Than 200 Technical Sessions,

Workshops & Tutorials, Hands-on Experiments &

Demonstrations, and Ask the Experts Panels with
the world’s leading engineers in EMC and SIPI.

Attend the keynote, Return-to-Flight
Electromagnetic Measurements: The NASA Shuttle
Ascent Debris Radar System, presented by Dr. Brian
M. Kent, Senior Scientist and Science & Technology

Lead for Electromagnetics, Radio Frequency, and
Sensing Systems for Applied Research Associates.

Balanis is Back by Popular Demand! Regents’ E ;‘
Professor Emeritus Constantine Balanis with Q

Arizona State University returns to present his
popular short course, Antennas: The Structural
Elements of EMC with returning EMC Society
Distinguished Lecturers Zhong Chen and Dennis Lewis.

Accelerate your Understanding of EMC and
SIPI! The Clayton R. Paul Global University Short

Course offers an intensive study by an accomplished
team of instructors.

Instrumentation, Services, and Solutions related

REGISTRATION IS OPEN H Vit the Expansive 75,000 89 # 7,000 4q

VISIT THE WEBSITE
FOR DETAILS

to EMC and SIPI.

WWW.EMC2022.EMCSS.ORG  #ieee_esp22 [ OO0 GE % ©IEEE | ENC

68

CROSSTALK

SOCIETY,

MW]JOURNAL.COM m JUNE 2022



DALICAP Y

‘Microwave / RF
Ceramic Capacitor

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

CALLKKL

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

Typical Circuit Application:

UHF/Microwave RF Power
i A Amplifiers, Mixers, Oscillators,
"":f: Low Noise Amplifiers, Filter
Networks, Timing Circuits and
Delay Lines.

Dalicap Tech. is a professional enterprise
! specializing in R&D, manufacturing and sales of
-H\‘mu\[tl }ayer ceramici;capacitors (MLCC). Dalicap is also a

A supplier of Hi- Q, ultra-low ESR RF/Microwave MLCC,

] R ==

CapacitancaipF) N
DLCTM(““)QW"@ ; ,7/ applied ially on the fields of MRI, semiconductor device,
s and Capacitance Cu / ind r'equipment, testing and analyzing instruments,

/5G PA etc.

- —/ Dalicap is committed to pr g!h@ rErnance l-—-
-l -’/4 ____high-Felabilitysproducts: toscustomers.. L he R&D‘ ahca

engineering teams have extensive expeneﬂge to qun:ki— !
Fi

S O

| _*__support )dnd response to ¢

Freguemes (Wit | has. an

gl —tp — b

i
%7‘ DLC70P(0603) Equivalent

ries Resistances (ESRs)



ProductFeature

70

18 GHz SPAT
MEMS Switch with
Integrated Driver

Menlo Micro
Irvine, Calif.

enlo Micro claims it's no exag-

geration that MEMS technology

and its Ideal Switch® have ef-

fectively reinvented RF switch-

ing. Its MEMS switches, typically mounted

in a land grid array package, are orders of

magnitude smaller and lighter than electro-

mechanical relays (EMRs). They can handle

high RF power levels and operate well into

mmWave. They are also highly linear, have

minimal insertion loss and are reliable, de-

signed to last more than 3 billion switching
cycles without performance degradation.

Menlo Micro’s latest RF switch, the

MM5120, exemplifies what MEMS-based

switch technology can achieve (see Table

1). The high-power single pole four throw

TABLE 1
MM5120 PERFORMANCE SUMMARY

Parameter Unit Minimum Typical Maximum
Frequency Range (GHz) DC 18
Insertion Loss (dB)

* 6 GHz 0.4

® 12 GHz 0.6

® 18 GHz 1.2

Input Power at 6 GHz | (W)

o CW 25
® Pulsed 150

(SPAT) switch operates from DC to 18 GHz
and handles up to 25 W CW, 150 W pulsed
power to 6 GHz, with an input third-order
intercept point greater than 90 dBm. The
switch’s on-state insertion loss is 0.4 dB at
6 GHz and it consumes less than 5 mW of
DC power, making it well suited for power-
sensitive designs and applications such as
switch matrices, RF front-ends, tunable fil-
ters, antenna tuners, interface boards, digital
step attenuators and beam steering in both
MIMO antenna arrays and AESA radars.

For designers, the MM5120's features en-
able switching solutions to be achieved in
a small footprint—5 x 4 mm—that formerly
required lots of board space and DC power.
For example, the low power consumption
of the MM5120 means that when deployed
in large switch matrices, all the switches will
consume less power than a single EMR,
while delivering speeds 1000x faster and re-
quiring 90 percent less space.

Menlo Micro's MEMS switches are fabri-
cated using through glass via (TGV) packag-
ing, i.e., short, metalized vias. TGVs enable
a dramatic reduction in switch size and elimi-
nate wire bonds which reduces package par-
asitics by more than 75 percent for RF and
microwave applications.

While all EMRs employ a metal beam as

MWJOURNAL.COM M JUNE 2022
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Taking High Reliability
Even Higher

Innovation in satellite communications continues to drive a need for low-SWaP
devices for building both ground- and flight-capable hardware. As higher-frequency
technology evolves to incorporate surface mount assembly with the latest active device
packaging, there’s also a need for complementary filter and other passive device
products. Our products are here to meet these demands, with temperature-stable dielectric
materials and highly reliable designs.

Product Type . Key Features
- Power Dividers/Splitters . - Small size, lightweight and frequency stable at -55°C to 125°C
« Directional Couplers : « Integrated shielding
- Bandpass Filters . « Space heritage technology qualified
: » Highly repeatable electrical performance

Learn more: www.rfmw.com/dielectric

W Talk to us today to explore a range of catalog and custom design

:::s wnotwe adre
at wi .
s whatwedo options: sales@rfmw.com

knowlescapacitors.com
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OUT-OF-BAND EMISSION SOLUTIONS

MCV Microwave offers a series of
out-of-band emission solutions from
335MHz UHF to C-band 5G NR.

Dual MIMO / IP67 operates -20°C to
+65°C for B14 Uplink and Downlink
and B14/B13/ Multiband Radios.

Made in America.

Contact Us For Design Support
www.mcv-microwave.com | engineering@mcv-microwave.com | (858) 450-0468

DBCCD757-787-1A1 | B y‘ -

WENZEL
ASSOCIATES

A Quantic Company

We set the
standard for
ultra-low phase
noise crystal
oscillators.

Explore our solutions at the
2022 International
Microwave Symposium.

Denver, June 21-23.
Booth 9079.

(512) 835-2038 | wenzel.com
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the actuator, MEMS switch actua-
tors are so small their mass is neg-
ligible. This means they can deliver
stable, long-term  performance
when subjected to extreme shock
and vibration—harsh conditions in
which electromechanical relays fail.
The MM5120 and Menlo’s other
|deal Switch devices exceed the IEC
60601/60068 standard and pass
MIL-STD 810G/H stress tests for
shock and vibration.

Because Menlo Micro’s switches
are electrostatically actuated, they
need high voltage and low cur-
rent biasing. To accommodate
this, Menlo developed a high volt-
age charge pump and driver circuit
and integrated it with the MM5120
and other Menlo switches. Unlike
other MEMS switches, this integra-
tion eliminates the need for exter-
nal components such as a discrete
charge pump and driver/multiplex-
ing circuit. Menlo's integrated high
voltage charge pump and controller
enables the switch's SPI and GPIO
digital interfaces to control the
switch from any host processor.

The technology that made these
MEMS switches viable is the result
of more than 12 years of research
and development (R&D) conduct-
ed by General Electric (GE) for the
company’s power systems. Menlo
Micro’s founders played an integral
role pioneering this MEMS switch-
ing technology at GE. Recognizing
that its switch innovations could
benefit multiple industries, GE spun
out the technology, creating Menlo
Micro in 2016. Backed by $225
million in funding, Menlo Micro’s
founders leveraged GE's MEMS and
material science R&D to develop
MEMS technology with the goal of
transforming electronic switching,
which led to Menlo Micro's Ideal
Switch.

Ongoing development in col-
laboration with partners has yielded
MEMS switches able to handle kilo-
watts of power, high temperatures
and operating lifetimes in decades.
Menlo Micro’s switch portfolio in-
cludes models that operate to 40
GHz; new designs will extend the
frequency range to 60 GHz.

Menlo Micro
Irvine, Calif.
www.menlomicro.com
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he demand for communi-

cation and data transmis-

sion in the digital age has

created a huge market for
broadband connectivity, leading to
requirements for components with
wide frequency coverage, small
size and higher power ratings. Re-
sponding to this need, Smiths In-
terconnect’s TSX series of fixed
chip attenuators offer broadband
performance to 50 GHz in a small
0604 surface-mount package, with
1 to 3 W CW power handling. The
TSX series offers attenuation values
from 1 through 10 dB in 1 dB steps,
as well as 15 and 20 dB. Accuracy
is specified as +0.5 dB through 40
GHz, +0.5 dB to 50 GHz for the 1
through 10 dB attenuators and £3.0
dB between 40 and 50 GHz for the
15 and 20 dB attenuators. VSWR is
a maximum of 1.2:1 through 40 GHz

Small, Broadband,
Cost-Effective Chip

Attenuators

and 1.25:1 between 40 and 50 GHz.

The TSX attenuators were de-
signed using 3D electromagnetic
simulation software; 3D and S-pa-
rameter models are available from
Modelithics. The attenuators are
fabricated on alumina substrates us-
ing a thin film tantalum nitride ma-
terial for the resistors and gold over
nickel metallization, coated with Si
nitride passivation. This results in a
product able to withstand harsh en-
vironments, such as space and mili-
tary systems. The wide frequency
coverage of the TSX series enables
designs to use a single attenuator
for multiple applications, which re-
duces the bill of material count and
inventory cost.

Smiths Interconnect provides a

s SPACE TECH EXPO EUROPE

15-17 NOVEMBER 2022 // BREMEN, GERMANY

MARK YOUR CALENDAR FOR THE FIFTH
EDITION OF EUROPE’S LARGEST B2B

EVENT FOR THE AEROSPACE INDUSTRY

NETWOR
EXPLOR
BE INSPIRED

REGISTER FOR FREE AT WWW.SPACETECHEXPO.EU
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WITH INDUSTRY PEERS AND BUILD NEW RELATIONSHIPS
T0 TAKE YOUR BUSINESS TO THE NEXT LEVEL

THE EXHIBITION HALL AND SOURCE THE LATEST
TECHNOLOGY FROM 450+ LEADING SUPPLIERS

BY [00+ SPEAKERS AT THREE
FREE-TO-ATTEND CONFERENGES

wide selection of chip attenuators
covering DC to Q-Band. To meet
the thermal needs of various ap-
plications, the chip components
are fabricated on alumina, alumi-
num nitride, beryllium oxide and
CVD diamond. Smiths Interconnect
products are available from RFMW,
a specialty electronics distributor
exclusively serving customers re-
quiring RF/microwave components
and semiconductors.

\JVENDORVIEW

RFMW
San Jose, Calif.
www.rfmw.com

Smiths Interconnect
Stuart, Fla.
www.smithsinterconnect.com
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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

pieces to support various types of calibrations such These calibration kits are offered with optional
as TRL or SOLT to align with different manufacturers.  NIST tracible certifications if desired.
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asternack has released three

GaN low noise amplifiers

(LNAs), which withstand

high input power without
requiring a protective limiter. LNAs
using more sensitive semiconductor
technologies, such as PHEMT, typi-
cally require a protective limiter at
the input; however, the limiter adds
loss before the LNA, degrading the
noise figure.

The three GaN LNAs added to
Pasternack’s portfolio cover 1 to 7,
5to 13 and 1 to 23 GHz. The 1 to
7 GHz LNA has 1.5 dB typical noise
figure, 42 dB small-signal gain, 22

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

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

Gal RF Switches 3
Take Complexity Out 3
of High Power Radio ¢

Design o

Magnetically Tunable

U-Slot Microstrip
Patch Antenna Based
on All Pass Networks

76

GaN LNAs Offer High-
Power Handling with No

Limiters, Cover 1-23 GHz

dBm output power at 1 dB com-
pression, 31 dBm output IP3 and
maximum input power handling of
30 dBm CW. The 5 to 13 GHz de-
sign has 1.8 dB noise figure, 44 dB
small-signal gain, 22 dBm output
power at 1 dB compression, 31
dBm output IP3 and maximum in-
put power of 34 dBm CW. The 1 to
23 GHz amplifier has 3.5 dB noise
figure, 29 dB small-signal gain, 20
dBm output power at 1 dB com-
pression, 32 dBm output IP3 and in-
put power handling of 40 dBm CW.
The GaN LNAs are biased with 24
Vp¢ and draw from 160 to 250 mA.

Sponsored By

Caminicireuits | /\ ALTAIR || [PEJ2Asreanack

wal/epl'ﬂ Inc.

They are assembled in housings
with SMA connectors.

These three GaN LNAs comple-
ment Pasternack’s lower frequency
LNAs, providing a complete family
of options for virtually any RF/micro-
wave application. As with all Paster-
nack products, the GaN LNAs are in
stock and available for immediate
shipping with no minimum order
quantity required.

\)VENDORVIEW
Pasternack

Irvine, Calif.
www.pasternack.com

Mi r@w IV
Journal

Frequency Matters.

=4

SKYWORKS’ ‘

°

+ Impact of SOI

¢ RFIC Tunable

+ Filters on Phased
« Array Systems

The Pitfalls of
Gal Testing
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This video showcases ADI's ability to

integrate at any level, making them

uniquely qualified to help you attain op-

timal performance, SWaP and reliability. .. .., -
Analog Devices, Inc. 75,000

10,000

www.youtube.com / =

watch?v=XdbkvzOcLt8

= MilliBox, the leading benchtop

mmWave OTA testing solutions, demon-
strates its integration of MBX02 modular chamber
with GIM04-230x 3D positioner working with Cop-
per Mountain Technologies Cobalt FX USB VNA and
FET1854 frequency extenders

»

Millibox ¥ B
https:/ /bit. T g L
ly /3SMmnPOx ’_ el
1 -,‘ = [- = F;?
& PUL

=®—— Mini-Circuits has combined
advances in material science,

circuit topologies, simulation capabilities and

fabrication techniques to develop the wid-

est selection of mmWave LTCC filters for 5G

bandwidths.

Mini-Circuits

www.youtube.com /watch?v=Y3HXDnefA-Q

®6¢® What Do MSL Ratings

Mean?®?

RFMW

https:/ /rfmwblog.com /20232 /
02/14 /what-do-msl-ratings-mean /

2 3

Y AVES

4

=

Mathematical
Tools of the
Trade Poster by

AR’s updated Mathematical Tools of the Trade
Poster provides a reference for EMC engineers
to use on a daily basis in the lab or at the desk.

AR RF /Microwave Instrumentation
https:/ /bit.ly /3M35Ufc

Modelithics expands their partnership
with Mini-Circuits, the Modelithics COM-
PLETE Library now includes over 100
advanced models representing 150+
Mini-Circuits parts. 32 3D models for
Mini-Circuits components are also
available for download from the Model-
ithics COMPLETE+3D Library.

“Modelithics: [_]Mini-Circuits

Vendor Partner

FREE

Advanced Simulation Models
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Fresh New
Website

Spectrum Instrumentation

www.spectrum-instrumentation.
com

: SV Microwave’s Edge Lock PCB con-

nector series is developed to form an
interference fit between the conical alignment pin
and the PCB thru-hole, thus pulling the contact lane
of the connector in to the edge of the PCB.
SV Microwave

https:/ /youtu.be/
pP3nf54CsQrM

S\ucrowive

Wolfspeed Opens
New SiC Fab

Wolfspeed, Inc. officially opened its
state-of-the-art, Mohawk Valley Silicon
Carbide fabrication facility in Marcy,
N.Y., with a ribbon cutting ceremony
featuring federal and state officials.
The 200 mm wafer fab will help lead
the industry-wide transition from
silicon to SiC semiconductors.
Wolfspeed

www.wolfspeed.com
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The information you need, from industry experts

FEATURED

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™
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NEW PRODUCTS

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

COMPONENTS

High-Power Directional Coupler

Micable
D3005H005060 is a
0.5 to 6 GHz 30 dB
high-power directional coupler that offers
250 W power handling capability. It has
1.3:1 maximum VSWR, 0.6 dB maximum
insertion loss, 30+0.7 dB maximum
coupling, +1 dB maximum flatness and 15
dB minimum directivity. It is ideal for test,
instrument and other high-power systems
applications.

Fujian Micable Electronic Technology
Group Co. Ltd.

www.micable.cn

s 4

=

High Speed Threshold Detector
VENDORVIEW

PMI Model No.
TD-1G12G-RL-CD-SFF
is a high speed
threshold detector
designed to operate
over the 1 to 12 GHz frequency range. It has
an adjustable threshold level of -30 to -10
dBm and a VSWR of 3.0:1 maximum. This
unit comes in one size with field removable
SMA connectors on the input and output
and has active low output.

Planar Monolithics Industries
www.pmi-rf.com

] '-_-5, s

= e

Ka-Band Cavity Filters

RLC Electronics is
manufacturing several
Ka-Band cavity, comb
line and interdigital
bandpass filters.
These high Q filters offer the sharpest
response (greatest stopband attenuation),
lowest insertion loss and can be provided
with relative 3 dB bandwidths ranging from
0.2 to 67 percent. The unit pictured
operates from 30 to 36 GHz, with less than
1.5 dB of loss and > 23 dB at +600 MHz
from the band edges. Connectorized and
surface mount versions available.

RLC Electronics

www.rlcelectronics.com

Ka-Band Transceiver

o Spacek Labs Ka-Band
Iy transceiver, model
TRKa-10 features a
phase-locked LO
chain shared by the
transmit and receive
channels. The transmitter converts the 4 to
17.5 GHz IF signal to 26.5 to 40 GHz RF
output, conversion gain 30 dB typical. The
receiver includes an isolator, balanced
crossbar mixer and LPF which rejects the
upper sideband and LO by > 60 dB,
converting a 26.5 to 40 GHz RF input to 4

-

80

to 17.5 GHz IF output, 8 dB typical
conversion loss.

Spacek Labs
www.spaceklabs.com

CABLES & CONNECTORS

Flexible Micro Bend Cable
L . "~ Sensorview is offering

T . _ anew innovative

B ol | !if’_l*—l microwave cable
solution into the
: - market. Sensorview’s

1 Innovation allows you
a minimum bend
radius of 1.5 mm and
low insertion loss and
with the high phase
stability the FlexiBe® series is the right
answer for the demand of more flexibility for
mmWave range. In addition to the antenna
segment, Sensorview provides an extensive
range of self-invented microwave cable
assemblies including FlexStable, UltraRG
and Aeroflon and Micro multi-ganged cable,
covering the operating frequency from DC to
70 GHz.
Sensorview Europe GmbH
www.sensor-view.com

Coaxial Cable Assemblies
announced the
release of the

coaxial cable assemblies, ideal for a variety

of commercial space designs. The QT Series

performance, high reliability space products
that eliminate the customer’s need to
customers’ demand for cable assemblies
with more consistent electrical performance

Smiths Interconnect

www.smithsinterconnect.com
gies’ DuraWave™ RF
cable assemblies are

N, The initial launch
includes cable

blies utilize N-type, SMA, 3.5 and 2.92 mm

connectors. Each unique combination is

J)VENDORVIEW
\ Smiths Interconnect
\ SpaceNXT™ QT
Series of flexible
is part of Smiths Interconnect’s SpaceNXT™
initiative to create an entire range of high
undertake extensive qualification processes.
The QT Series also responds to the
over higher frequencies, larger temperature
extremes and across higher volumes.
DuraWave™ RF Cable Assemblies
™. Swift Bridge Technolo-
§h, now available for
% purchase on Digi-Key.
assemblies with operation frequencies of
18, 26.5, 33 and 40 GHz. These assem-
currently available in two lengths, 0.6 and 1
m. In addition to the configurations available

on Digi-Key, DuraWave™ RF assemblies are
also available with other ruggedized
connectors in both male and female
versions. i.e. 7/16, DIN 9.5 and TNC.
Swift Bridge Technologies
www.swiftbridgetechnologies.com

AMPLIFIERS

Pulsed Microwave Power Module

The dB-3774B from
s dB Control is a pulsed

microwave power

module (MPM). This
MPM operates in the 6 to 18 GHz frequency
range and provides 1 kW peak power at 5
percent maximum duty cycle. It is designed
for high performance electronic warfare
applications. A periodic permanent
magnet-focused, conduction-cooled mini
traveling wave tube (TWT) is used for power
amplification and a solid-state driver
amplifier provides the required RF gain.
dB Control
www.dBControl.com

-

TWT Replacement
VENDORVIEW

Exodus AMP2033-LC
is designed for
replacing aging TWT
- technology. A
| broadband, rugged
2 EMC Class A/AB
linear design for all modulations and
industry standards. Covers 6 to 18 GHz,
produces > 100 W minimum, 50 W P1dB, with
a minimum 50 dB gain. Excellent flatness,
optional monitoring parameters for forward/
reflected power, VSWR, voltage, current and
temperature sensing for superb reliability.
Exodus Quiet-Cool technology in our compact
5U-chassis weighs a nominal 75 Ibs.
Exodus Advanced Communications
www.exoduscomm.com

Amplifier Powers 2000 to 2400 MHz
\)VENDORVIEW

Mini-Circuits’ model
= ZHL2G02G4125+
Class AB amplifier
delivers +51 dBm
(125 W) typical
saturated output
power from 2000 to
2400 MHz. It achieves 51 dB typical power
gain with =1 dB gain flatness. The RoHS-
compliant amplifier is unconditionally stable
and consumes 16 A at +28 VDC. Ideal for
communications and test systems, it
features internal protection against reverse
polarity and overheating and measures 110
x 70 x 30 mm with SMA input connector and
Type N output connector.
Mini-Circuits
www.minicircuits.com
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T26 Series High Reliable & Durable

Phase Stability vs. Flex. <#2°
Amplitude Stability vs. Flexure <:0.04dB
Insertion Loss <2.53dB/m

VSWR <1.25:1

T26 Cable Assembly Test (90°Connectors) T26 Series DC~26.5GHz
DC~ 26.5GHz (SMA M - SMA MRA, 3FT)

T — =1: 24040075 GHz 1.2163
11 26800000 GHz 115944

18 | BASE

— i — =

=1 20800000 GHz =2.0338 B
1: 26800000 Gz  -2.0430 oB

T26 Cable Assembly Test (Straight Connectors)

(3 S5mmM - 3.5mm M, 1 Meter)
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Fujian Mlcable Electronic Technology Group Co.,Ltd
Tel: +86-591-87382856 Email: sales@micable.cn Website: www.micable.cn
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Creating a compatible future
Cologne, 12 — 14 July 2022

Unique market overview, targeted
knowledge transfer and fresh impulses
for your daily work — all this you will
find only at the EMV, the industry
meeting place for electromagnetic
compatibility.

e-emv.com | #emv2022

Celebrate the
summer edition
with us
in Cologne!

mesago

Messe Frankfurt Group

NewProducts

Low Noise Amplifier Expansion

Y)VENDORVIEW

Pasternack’s new series of input protected
low noise amplifiers feature broadband
frequency coverage ranging from 1 KHz to 40
GHz, GaAs pHEMT semiconductor technology
with high gain and noise figure levels as low
as 1 dB typical. Input protected designs have
up to 1 W CW RF power handling, high gain:
45 dB typical, high gain from 25 to 60 dB. Output P1dB up to +21.5
dB typical operating temperature -40°C to +85°C, rugged and
compact mil grade aluminum package designs support female SMA
or 2.92 mm connectors.

Pasternack

www.pasternack.com

SYSTEMS

mmWave Wireless Connectivity Solution

Y)VENDORVIEW

The ADMV9621 and ADMV9611 is a
complete mmWave wireless connectivity
solution in a small, printed circuit assembly
format. All mmWave signals are confined to
the printed circuit assembly, simplifying
implementation. Wireless transmission is
achieved using the integrated circularly-polar-
ized omnidirectional patch antenna array, which enables communica-
tion in many applications, including rotation. These solutions are
ideal for industrial robotics applications to replace mechanical
connectors and wireless slip rings.

Analog Devices Inc.

www.analog.com

Compact IF Receiver

The CMT compact IF receiver modules are
ideal for radio astronomy projects. The
 module incorporates many features into a
small package. Features include high gain (70
to 90 dB), a five-bit digital programable
attenuator, integrated bandpass filters, output
total output power detector and overload protection. Noise figure of
1 to 1.5 dB is typical. An RF test port is also included. These
modules operate from a single supply. Applications include IF chain
for THz SIS mixers.

Cosmic Microwave Technology Inc.
www.cosmicmicrowavetechnology.com

Bluetooth Low Energy 5.1 Module
)VENDORVIEW
P Wirth Elektronik presents the Bluetooth low

$. energy 5.1 module Proteus-III-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

Wirth Elektronik, which has been industrial proven over many years,

makes the module extremely versatile.

Wiirth Elektronik

www.we-online.com

SOURCES
Indirect Synthesizer

Kratos General Microwave enhanced its
@ series of fast switching (1 usec) indirect
synthesizers with the addition of the Model
SM6220 with frequency modulation capability
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I M S MICROWAVE SAN DIEGO CONVENTION CENTER
SYMPOSIUM SAN DIEGO, CALIFORNIA

Join Us in San Diego and Experience

the Coolest Ideas Under the Sun!

IMS2023 is the centerpiece of Microwave Week 2023, which
includes the RFIC Symposium (www.rfic-ieee.org) and the ARFTG
Microwave Measurement Conference (www.arftg.org). Itis the world’s
largest technical symposium and industry exhibition for MHz through
THz professionals. IMS2023 will feature an exciting Technical Program
that compliments this year's theme of Coolest Ideas Under the Sun —

think high efficiency, thermal management, model-based design,
space and aerospace systems, and so much more! SAN DI EGO

IMS2023 Conference Themes

AtIMS2023 we will have several focus themes to highlight

a number of areas of RF and microwave engineering that are
of topical interest orimpact. These themes are:

@ Systems & Applications

@ Space

@ Biomedical Applications

@ RF & Microwaves in Latin America

Interested in participating in IMS2023
as a speaker, attendee or exhibitor?
Scan the QR code to sign up for updates.

AMTT-S
|IEEE MICROWAVE THEORY &
4 TECHNOLOGY SOCIETY

For more information: ims-ieee.org/ims2023




NewProducts

covering the full band 2 to 20 GHz. It can
provide a frequency deviation of 1 GHz at up
to a 10 MHz modulation rate and can be
modulated with either analog or digital
inputs. Of special significance; the
synthesizer output frequency remains fully
locked even while in the FM mode. Its small
size and high reliability make it ideal for use
in demanding airborne environmental
conditions as well as simulators and test
systems.

Kratos General Microwave
www.kratosmed.com

RF Signal Generator

RIGOL Technologies
introduces the
DSG3000B Series RF
signal generator
offering high purity signal generation and

modulation. The DSG3000B is available in
6.5 and 13.6 GHz models with optional
built-in I1Q baseband generator and OXO time
base with standard AM/FM/@M analog
modulation up to 3.6 GHz, and I/Q
modulation and 1/Q baseband output up to
6.5 GHz. High signal purity with phase noise
measuring < -116 dBc/Hz at 20 kHz
(typical) and a wide output amplitude range
of -130 to +25 dBm with an amplitude
accuracy of < 0.5 dB (typical).

RIGOL Technologies

www.RIGOLna.com

Fixed Signal Generator

Z-Communications
announced the FSG
series of fixed signal
generator products
geared for the
automated test equipment market. The FSG
is a low noise, fixed signal oscillator that is
offered between 500 MHz to 16 GHz.
Housed in a sturdy SMA connectorized

MICRO-ADS

Laser Diode Drivers

with Butterfly Sockets
Pitaat Each of the 19
| 1 models in the Avtech

| AVO-9 series of

pulsed laser diode
drivers includes a
replaceable output
module with an ultra-
high-speed socket
suitable for use with
sub-nanosecond rise time pulses. Models with
maximum currents of 0.1A to 10A are available
with pulse widths from 400 ps to 1 us. GPIB,
R5-232, and Ethemnet control available.

Model AVO-9A-B
40 mA/ DIV
1ns/DV

Avtech Electrosystems Ltd.
http:/iwww.avtechpulse.com/

Nanosecond Electronics
Since 1975

REVOLUTIONARY
HERMETIC SMPF CONNECTORS

These SMPs mest 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
cortrol plating thickness on pin and housing.

For use with Aluminum, Kovar
and other package materials

SPECIAL HERMETIC PRODUCTS, INC.
O BOX 260 — WILTON — NH - 03086
(602 ) 654-2002 - Fax (603) 654-2533

os@shp-seals.com

84

LOW CTE EPOXY

0 )i

Two Part EP30OLTE-2

flowable system for bonding,
potting and encapsulation

10-13 x 10+ infin/°C
& MASTER

+1.201.343.8983  main@masterbond.com

www.masterbond.com

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

= Super low nolsa RF
‘amplifisrs

# Broadband low noise
amplifiers

» Input PIN diode protected low

noise amplifiers
¥ General purpose gain block
amplifiers

# High power RF amplifiers
and broadband power

» AF isolators and
circulators

¥ High power coaxial and
‘waveguide lerminations

# High power coaxial
aftenuators

= PIN dioda power limitars
= Active up and down

Wenteq Microwave Corporation
138 W Pomana Ave, Monrovia, CA 61016
Phone: (626) 305-6666, Fax (626) 602-3101
Email sales@wenteq.com, Website: www wenteq.com

metal enclosure, the unit is meant for bench
testing or field use. This portable signal
generator operates off a power supply
between 5 to 15 V. For further ease of
operation an internal 100 MHz reference is
included, or the user may connect an
external 100 MHz source.
Z-Communications

www.zcomm.com

ANTENNAS

Dual Polarized Antenna

YJVENDORVIEW

Ideal for antenna
measurement ranges,
Model SAV-
0434031428-KF-U5-
QR is a dual polarized
quad ridge horn
antenna that yields continuous frequency
coverage from 4 to 40 GHz. Equipped with
two female 2.92 mm (K) connectors, the
antenna provides vertical and horizontal
illumination with an average gain of 14 dBi
and a 3 dB beam width of 28 degrees.
Typical cross-polarization is -28 dB. Isolation
between vertical and horizontal ports is
better than 23 dB with 28 dB typical.
Maximum continuous RF power is 10 W.
Eravant

www.eravant.com

TEST & MEASUREMENT

5G mmWave Production Test
Solutions

Marvin Test Solutions’
TS-900e-5G Series
! mmWave semiconduc-
tor device test
| systems deliver
o unrivaled production
test speeds ideal for
demanding out-
sourced semiconductor assembly and test
applications. Up to 20 independent vector
network analyzer (VNA) channels with proven
gap-free performance to 44 GHz and beyond
ensure the most accurate and repeatable
production VNA/S-parameter test perfor-
mance. The flexible receiver is compatible with
virtually any wafer prober and device handler.
Marvin Test Solutions
www.marvintest.com/5G

Next-Generation PCle Digitizers

Y)VENDORVIEW

Two new digitizer
cards from Spectrum
Instrumentation raise
the standard of
PC-based instrumen-
tation performance.
The cards are capable of streaming acquired
data over the PCle bus at an impressive 12.8
GB/s—nearly twice 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.
Spectrum Instrumentation
www.spectrum-instrumentation.com
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Nonlinear Design: FETs and
HEMTs
Peter H. Ladbrooke

“Nonlinear Design:  FETs and
HEMTs"” by Peter H. Ladbrooke should
be on the bookshelf of every Ill-V semi-
conductor device engineer, modeling
engineer and circuit designer. What |
particularly like about this book is it fo-
cuses more on the practicality of nonlin-
ear device modeling rather than strictly
theoretical constructs which are far less
digestible to the practicing engineer.
Don't let my statement fool you though,
there is plenty of meat in this book even
for the theoretical junkie! Those looking
to “connect the dots” between device
characteristics, device modeling and cir-
cuit performance should read this book.

Part | discusses commercially avail-
able nonlinear models as well as dig-
ging into the practical details of device
behavior and model parameter extrac-
tion. Part Il proposes a reformulation
of the device model and proceeds to

Deep Learning for Radar and
Communications Automatic

Target Recognition

Uttam K. Majumder, Erik P. Blasch,
David A. Garren

Copyright: 2020 Pages: 290
ISBN: 978-1-63081-637-7

$179 / £155

. Bookenc

dig into the finer details of parameter
extractions as well as presenting some
results with practical circuits. Part Il is
perhaps the most detailed section, pro-
viding extreme depth on FET device
characteristics, current and charge con-
servation and charge storage while also
introducing macro-cell simulators.

As a MMIC design engineer, |
found this book rather useful in under-
standing the finer details of how accu-
rately (or inaccurately) modeling device
characteristics impacts my circuit perfor-
mance. In addition, | found it useful for
understanding the connection of basic
device characteristics and circuit per-
formance. | see this being a valuable,
frequently consulted reference for those
deeply involved in the Ill-V semiconduc-
tor community.

Reviewed by:

Michael Roberg, Ph.D.
MMIC Design Engineer
Fellow at Qorvo

ISBN: 9781630818685

480 pp.

Digital download and online: $141
Hardback : $189

To order this book, contact:
Artech House

685 Canton St.

Norwood, MA 02062
800-225-9977

or
16 Sussex St.

London, SW1V 4RW, UK
+44 (0)20 7596 8750

DISCOVER

THE BENEFITS OF DEEP LEARNING
(DL) USING RADAR DATA

} Identifies technical challenges, benefits, and directions of
deep learning (DL) based object classification using synthetic
aperture radar (SAR) data and high range resolution radar

(HR) data.

} Provides an overview of machine learning (ML) theory,
including history, a background primer, and detailed examples
of ML algorithm performance on video imagery.

} Discusses issues impacting the collection of radar data for
different applications and provides examples for SAR/HRR
data and communication signals analysis.

BOSTON | LONDON

E}TARTECH HOUSE

ArtechHouse.com

PRACTICAL BOOKS FOR ENGINEERING PROFESSIONALS
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AND RADAR EVENT | Frhaiogs

THE EUROPEAN
MICROWAVE
EXHIBITION

27TH - 29TH 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?

Visit www.eumweek.com to download
the floorplan, application form and for
full details.

For International Sales:
Richard Vaughan,
International Sales Manager
E: rvaughan@horizonhouse.co.uk

CALL +44(0) 20 7596 8742 OR VISIT WWW.EUMWEEK.COM
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~ Reflectionless filters were developed tofimprove g
sensitivity in the world's most powerful receivers...
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icor has expanded its manufacturing ca-

pacity by 2.5x with the opening of its new

90,000-square-foot, state-of-the-art
converter housed in a package (ChiP) fabrication facil-
ity in Andover, Mass. This new fab is the first of its kind,
leveraging a proprietary and highly scalable approach like
semiconductor wafer fabs. This vertically integrated fab
utilizes patented processes enabling Vicor to set the
standard for high-quality, low-cost and reliable power
module manufacturing in the U.S.

Leveraging Semiconductor Fab Approaches

Similar to semiconductor OEMs, Vicor has implemented
proven and stringent fab facility processes from the
ground up to ensure the highest quality. Designed with
longevity in mind, the facility is equipped with industry-
leading environmental controls for temperature, humid-
ity and electrostatic discharge. The two-story building
is optimized to handle immediate and future process
requirements to accommodate the sophisticated ChiP
manufacturing.

Vicor pioneered the proprietary panel-based manufac-
turing that uses a standard-size FCB, analogous to a
Si wafer, in a highly automated approach to production.
Multiple instances of the same high performance power
module are produced simultaneously with pick-and-place
capabilities for up to 420,000 components per hour on
a patented substrate without compromising the ac-
curacy or quality of the finished product. This enables
Vicor to achieve 50 percent improvement in accuracy
with significant increase in throughput over conventional
methods. The line employs printing capabilities to achieve
industry-best placement accuracy followed by advanced
automated optical inspection techniques exceeding the

90

most stringent quality standards to ensure zero-defect
manufacturing.

The fab will also include specialized equipment to develop
the terminal interfaces to support Vicor's proprietary
vertical power delivery solution as well as supporting ball
grid array requirements that Vicor aerospace and satellite
communications customers require.

Automated, Sustainable Plating System

The second floor has been equipped to achieve verti-
cal integration using state-of-the-art final packaging
process steps (PPS) with capacity Dx greater than the
outsourced capabilities. The vertically integrated PFPS op-
erations leverage the latest advancements in automation,
handling and fluid spray technology. The operation will be
tied seamlessly into the Vicor central computer-integrat-
ed manufacturing architecture enabling fully automated
continuous operation. The PPS operation will be maintained
by a new on-site chemical process laboratory.

Vertical Integration with Sustainability

With a focus on environmental sustainability, the operation
is designed for zero wastewater and air discharge. All waste-
water will be recycled into ultra-pure deionized water that is
re-used in normal operation. It is estimated this new sustain-
able wastewater process will save up to 20 million gallons of
water each year. The new plating operation will support all the
Vicor SM-ChiP™ and CM-ChiP™ package designs.

For over 40 years Vicor has been designing and manu-
facturing its best-in-class, high density power solutions
in Andover, Mass. As the leading designer and manufac-
turer of high performance power module solutions, the new
facility will support a new era of growth, advancement and
innovation for decades to come.
www.vicorpower.com

MWJOURNAL.COM m JUNE 2022



ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

™

Power for
your world.

Simplify your designs by leveraging
ADlI's highly integrated power solutions.

00
NN
oooo

Integrated Local Design Easy to Use
Solutions Support Tools

[=]3: !ii Find your competitive advantage at

hl'r'l'

""'E_'Ej:‘ analog.com/power




e
il

E-PLANE COMBINERS

HIGHER CW POWER + LONG DUTY CYCLES + COMPACT & LOW LOSS

16-Way Combiner

5300 - 5900 MHz

12,000 W CW, 2.5 MW Peak

WR159 Output, Half Height WR159 Inputs

A New Class of Patented Microwave Power Combiners with Extremely
High Power Handling Capability.

WERLATONE's new N-Way E-Plane Combiner architecture is ideally suited
for emerging High CW Power/ High Duty Cycle Solid State Radar
requirements.

Whereas an N-Way Radial Combiner design is limited in CW output power
due to the diameter of the central output coaxial section (based on TEM
Mode Operation), the E-Plane Combiner is limited only by the CW power
rating of the respective waveguide size. This results in an N-Way Combining
architecture which handles multiples higher in power at respective
frequencies.

+ Higher CW Power and Higher Duty Cycle
+ High Power Density and Low Loss

+ Space Efficient, Planar Structure

+ lIdealforS, C, X, Ku, Ka Bands

CW Power H E-Plane Combiner vs. @ Radial Combiner

36.0
35.0 14.0 3.0 1.6 ————— 0.50
20,0 12.0 2.40 14| 140
. . . 0.40
= 12.0 2:5 - 0.40
U 250 10.0 '
S 20 1.0 0.30
~ 20.0 8.0 '
= 1.5 0.8
g 15.0 6.0 ) 06 0.20
o) 1.
10.0 .
o 4.0 0.55 0.4
1.60 0.5 0.10
5.0 2.0 . 0.2
0 0 0 0 0
S-Band C-Band X-Band Ku-Band Ka-Band

Werlatone, Inc. 17 Jon Barrett Road Patterson, NY 12563 845-278-2220 sales@werlatone.com www.werlatone.com



2022 Aerospace & Defense Supplement

Hypersonic
Weapons




CAES

PIONEERING ADVANCED ELECTRONICS

Enabling the World’s
Most Critical Missions

CAES technology pioneers the future of
aerospace and defense clectronics and
underpins many of the world’s most critical
missions. Over the course of nearly 100
years, we have become the largest provider
of analog and radiation-hardened technology
to the United States aerospace and defense
industry.

caes.com



¢,
iy,
¥

)
Y

}i W
N
Unmanned Veh‘ﬁfs

-
)
%

\ “
If

4N
g )|

Space and Satc%m

~rvo
°

Qo
QPA2935 I
Qorvo

QPA0506 QOPVo , o
- ] For Mission Critical Aerospace
and Defense Applications

From precise defense technologies in fighter aircraft to space
exploration and advanced communications systems both on land
and above - Qorvo’ provides the technology expertise to make your
next-generation system a reality.

* RF design & engineering experience
» GaN & GaAs solutions
* Integrated assembly & foundry services
e Custom die-level packaging

To find out how Qorvo solutions are O P\,o
All Around You, visit www.gqorvo.com o

© 05-2022 Qorvo US, Inc. | QORVO, ALL AROUND YOU and CONNECT, PROTECT AND POWER are trademarks of Qorvo US, Inc.



Cover Feature

6 The Age of Hypersonic Weapons is Upon Us
Eric Higham, Strategy Analytics

SpecmlRepoﬂs

20 Advancing EW with New Silicon and
Standards

Rodger Hosking, Mercury Systems

30 LEO Constellations: The New Military
Frontier
Nancy Friedrich, Keysight Technologies

Product Feature

36 Integrated RF Digital Engineering Tools
Support the Defense System Lifecycle
Information Systems Laboratories, Inc.

Publisher: Carl Sheffres

Associate Publisher: Michael Hallman
Editorial Director: Patrick Hindle
Editor: Gary Lerude

Managing Editor: Jennifer DiMarco
Associate Technical Editor: Cliff Drubin
Copy Editor: Kelley Roche

Associate Editor: Emma Lutjen

Edward Kiessling

Multimedia Staff Editor: Barbara Walsh
Electronic Marketing Manager: Chris Stanfa
Senior Digital Content Specialist: Lauren Tully
Audience Development Manager: Carol Spach
Director of Production & Distribution:

Art Director: Janice Levenson
Graphic Designer: Ann Pierce

Aerospace & Defense

TABLE OF CONTENTS

Tech Briefs

40 Temperature Compensated Amplifier
Portfolio
Fairview Microwave

41 22 GHz Synthesizer: Multi-Channel, Phase
Coherent Configurable
AnaPico AG

42 Lid Clip System Stops Thin Semiconductor
Die from Migrating
Gel-Pak

43 Ku/K-Band MPM Optimizes Satellite
Downlinks
Stellant Systems

44 Extensive Line of Drop-In Circulators and
Isolators, from 100 MHz to 30 GHz
CernexWave

45 Phase Stable Cable Assemblies
EZ Form Cable

Company Showcase

6 Company highlights featuring aerospace &
defense products and literature

EUROPE
Office Manager: Nina Plesu

CORPORATE STAFF
CEO: William M. Bazzy
President: Ivar Bazzy

Vice President: Jared Bazzy

AEROSPACE & DEFENSE SUPPLEMENT = JUNE 2022



wideb Iu‘uam ngility

- ‘- - ‘.L - .k..‘-—\“.

o)/ ,ers:—“—

for Mult:-Funct:on, Radar, and E W Syste

Whether your application is narrowband, wideband or ultra-wideband,
operating in pulsed or CW mode, (TT's power amplifiers are an especially
attractive choice for new multi-function frequency-agile systems that
effectively conserve weight, space and power consumption.

The characteristics of the portion of the
electromagnetic spectrum selected for any of these
particular system designs are undoubtably the most
important to the end user, as it has the greatest impact on
the type of information required and received.

Engineered speifically to meet the siringent requirements
imposed by many modern system designs, CTT's family of GaN and
GaAs-based solid-state power amplifiers excel in a wide range of applications.

(TT has delivered production quantities of amplifiers with power levels from
10 through 600 Watts — and higher — for a variety of multi-function, radar and
EW applications.

® AMDR e Shipboard Radar e SAR e AESA Radar e TCDL
o VLO/FLO Threats © New Land Radar ¢ EW e UAVs

More than 37years ago CTT, Inc. made a strong commitment to serve the
defense electronics market with a simple goal: quality, performance,
reliability, service and on-time delivery of our produdis.

Give us a call fo find out how our commitment can support your success.

It’s that simple.

Microwave Technology Leadership

% Power Amplifiers

e NEW GaN and GaAs Models

o Radar Bands up to TkW

o EW Bands up to 600W

® Pulse and (W

® Solid-State Microwave Power Modules
© Rack-Mount Configurations
« Low-Noise Amplifiers

% Up and Downconverters
< Subsystems AS9100D
«» SWaP Optimization SR
+% Custom Engineered Options

USA-based thin-film microwave production facility

A KR®TOS Company

5870 Hellyer Avenue * Suite 70 ®» San Jose © California 95138 ¢ Phone: 408-541-0596 * Fax: 408-541-0794
www.cttinc.com ¢ E-mail: sales @cttinc.com



= EL

Aerospace & Defense

COVER FEATURE

The Age of Hypersonic
Weapons 1s Upon Us

Eric Higham
Strategy Analytics, Needham, Mass.

ypersonic missiles have risen to the fore-

front of conversations about global weap-

ons arsenals. Attaining hypersonic speed
is not new, with V2-powered missiles achieving
hypersonic velocities in the late 1940s, and Rus-
sia's Sputnik 1 satellite reaching space orbit in
1957 What is new and responsible for elevated
interest and concern comes from a series of re-
cent events.

The world took notice when, in 2021, reports
surfaced of a Chinese nuclearcapable hyper
sonic missile circumnavigating the globe before
impacting near its target. The missile missed the
target by 24 miles according to reports. What is
most interesting, though, is these reports did not
become public until several months after launch,
indicating the Chinese missile was undetected
during its flight. In the ongoing Russia-Ukraine
war, reports have Russia deploying at least one
of their Kinzhal hypersonic missiles in Ukraine
toward the end of March 2022. In early April,
The U.S. Defense Advanced Research Projects
Agency (DARPA) announced the second suc-
cessful test flight of its Hypersonic AirBreathing
Weapon Concept missile.

Hypersonic weapons technology ushers in
a new era of disruption and destabilization. As
technologists solve the missile challenges and
the offensive technology evolves, defensive
systems must keep pace. A significant imbal-
ance between the offensive and defensive ca-
pabilities of a new weapons technology could
easily upset the uneasy deterrence among
nuclear countries.

This article will explore the technology, chal-
lenges, spending forecasts and electronics op-
portunities for hypersonic weapons.

MACH 5

The term “hypersonic” is a bit imprecise.
General agreement defines hypersonic velocity
as the speed where air molecules start to break
apart and ionize. This happens over a range of
speeds and will vary depending on the airframe
design, so the accepted convention has become
to define hypersonic velocity as a minimum of
Mach 5 (~3836 mph).

Hypersonic weapons developments fall into
two categories: hypersonic cruise missiles
(HCM) and hypersonic glide vehicles (HGV).
HCMs derive their thrust to propel past Mach
5 from an airbreathing supersonic-combustion
ramjet engine—a “scramijet.” Conventional ram-
jet engines use the forward speed of the vehicle
to generate thrust. As the vehicle surpasses the
speed of sound at Mach 1, the leading edges
produce shock waves that slow the incoming air
into the engine. In a ramjet engine, the intake
passage compresses and ignites the incoming
air to produce thrust. Current thinking has ramjet
engines capable of reaching hypersonic speeds
to Mach 6; however, at these speeds, the losses
associated with the shock waves and the tem-
perature increases from compressing the air
make the technique very inefficient producing
net thrust.

In the 1960s, NASA began addressing this
challenge. Their solution was simple: compress
the incoming air for subsequent combustion at
higher speeds than a ramjet engine. While this
was conceptually elegant and simple, severe de-
sign, material and coating challenges had to be
solved to bring the idea to fruition. Implementa-
tion took four decades until the X-43A success-
fully demonstrated scramjet propulsion in March
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A Fig. 1 Scramjet engine concept. Source: NASA

2004. Figure 1 shows the basis for a supersonic-combustion A Tig 2 Chinese DF-17 hypersonic glide vehicle. Source:
ramjet. The design minimizes losses associated with slowing nationalinterst.org

the air flow, so the engine can produce the net thrust required

for a hypersonic vehicle. This concept has become the basis gy as it re-enters the atmosphere and glides to a target. Dur
for engines working at speeds from Mach 5 to Mach 15. The ing this glide phase, an HGV will use aerodynamic forces and
engines still require air, which limits their theoretical altitude to control surfaces or small thrusters to “surf” the atmosphere
the Kérman line at the edge of space, some 330,000 ft. above between the K&rman line and altitudes of ~120,000 ft. Figure
sea level. From a practical standpoint, HCMs have an altitude 2 shows China’s DF-17 hypersonic glide vehicle during one of
limit of ~100,000 ft. that country’s military parades.

HGVs are based on a different approach. Conventional
rocket boosters launch these vehicles to a predetermined al-

THE HYPERSONIC THREAT

titude, often just outside the atmosphere. Once the booster Understanding the rudimentary theory of hypersonic
reaches this altitude, the HGV separates from the booster weapons outlines the threat. Even though HCMs have an en-
and the HGV begins picking up momentum and kinetic ener- gine, they will be part of the weapons arsenal of a fighter jet
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A TFig 3 Projectile trajectories and the likelihood of detection. Source: Plowshares.ca

or the payload on a missile, which will
get the weapon to hypersonic speed
more quickly. While either type of hy-
personic vehicle can rely on simple ki-
netic energy as its destructive payload,
more likely a hypersonic weapon will
include a conventional or nuclear war-
head. These weapons have flexible mis-
sion profiles, with either type capable
of launching from and targeting air, land
or sea-based platforms. This gives them
the ability to target high value targets in
any domain. In particular, the U.S. battle
philosophy relies on aircraft carriers and
their accompanying battle groups to
establish naval superiority; hypersonic
weapons present a big threat to those
large, high value targets.

It is worth noting that the threat of
hypersonic vehicles goes beyond their
speed, operating altitude and ability to
carry nuclear weapons. The world has
coexisted with the threat of intercon-
tinental ballistic missiles (ICBM) since
the late 1950s. These missiles can carry
nuclear warheads with velocities more
than Mach 15, meaning a missile can
reach any target on the globe within
30 minutes. The threat of hypersonic
weapons stems from their attack pro-
file (see Figure 3) and the difficulty de-
tecting them.

Figure 3 shows the trajectory of a
ballistic missile with a nuclear or a con-
ventional payload, following the para-
bolic black dashed line trajectory to its

target. The ballistic missile may also car
ry an HGV as a payload, with the HGV's
trajectory shown by the solid red line.
The diagram also shows a fighter jet fir
ing an HCM, with the trajectory shown
by the solid blue line. The large black
dot represents the target, which has a
radar with a cone of detection shown
by the light gray triangle. The smaller,
colored dots in the figure show where
the radar would likely detect the incom-
ing projectiles. With no overthe-horizon
capability, detection range becomes a
function of altitude: the radar detects
the ICBM first, while the hypersonic
vehicles get much closer to the tar
get before the radar can detect them.
While the diagram shows the HCM at a
lower altitude than the HGV, which may
typically be true, both vehicles are ma-
neuverable and capable of overlapping
mission altitudes and profiles.
Detection networks are usually
more sophisticated than the simplified
illustration in Figure 3; they incorporate
overthe-horizon and space-based sys-
tems to enable early detection of mis-
sile launches. In addition, ballistic mis-
siles have a parabolic trajectory that will
be known as soon as sensors identify
the missile signature. This means ear
lier warning than the diagram predicts,
which helps maintain the stasis among
the nuclear ICBM-equipped countries.
Hypersonic vehicles threaten to disrupt
this equilibrium because they follow un-
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predictable trajectories, compress the
time between detection and decision-
making and present the uncertainty of
whether the payload is a conventional
or nuclear warhead.

HYPERSONIC
DEVELOPMENT
CHALLENGES

While hypersonic weapons are a
threat and pose challenges to conven-
tional defense systems, their develop-
ment must overcome several hurdles
before the weapons become main-
stays of defense arsenals around the
globe. Among these challenges:

Heat: Both types of hypersonic
weapons systems operate in the atmo-
sphere, and this means friction. Indus-
try experts have estimated that friction
caused by air resistance can easily in-
crease skin temperature to more than
2200°C. This is several hundred de-
grees higher than the melting point of
many of the lightweight metals used in
projectiles. The rate and breadth of de-
ployment of these weapons will require
developing lightweight, easily manufac-
tured airframe materials. The heat gen-
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erated by internal electronics adds to
the thermal problem; the internal elec-
tronics need to be protected from the
heat generated on the vehicle.

Maneuverability: A big differentia-
tor for hypersonic weapons is their un-
predictable path, making them harder
to detect and track. Mission profiles for
these weapons have them operating in
contested environments, facing a range
of hostile defense systems. Implement-
ing course changes requires taking ad-
vantage of vehicle aerodynamics or us-
ing small onboard thrust engines. These
course changes, however small, will
place enormous forces on the control
surfaces and the vehicle frame.

These two challenges, coupled with
aerodynamics and integration, fall in
the realm of mechanical and materials
expertise. In addition to the challenges
of designing and manufacturing a vehi-
cle that can achieve hypersonic speed,
maneuver and prove cost effective and
dependable, there are other challenges
that relate to the mission profile of the
weapon. These added challenges, which
fall within the capabilities of the elec-
tronics industry, include the following:
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Communications: The threat of a
hypersonic weapon relies on its speed
and unpredictability. This means that
the command, control and commu-
nications infrastructure must be fast
enough to implement course modifi-
cations and targeting information with
little signal latency. Earlier, we defined
the term “hypersonic” to be the veloc-
ity at which air molecules begin to ion-
ize. lonization creates a plasma shield
around the hypersonic vehicle, and
this atmospheric dissociation disrupts
GPS, communication and telemetry
signals. This is a fundamental problem,
but there are developments aimed at
tuning receiving antennas to enhance
incoming communications signals dur
ing hypersonic travel. The Chinese are
reportedly investigating THz communi-
cation networks to solve this problem.

Navigation, Timing and Accuracy:
These challenges are related to com-
munications. The sensors and internal
electronics are stressed by the speed
and the mission profile of the hyperson-
ic vehicle, with the added complication
of accuracy. If the hypersonic weapon is
carrying a nuclear warhead, the destruc-
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tive blast radius may accommodate
some targeting inaccuracy, although
this is an area for improvement. Initially,
the U.S. is developing hypersonic weap-
ons carrying only kinetic or conventional
payloads, increasing the importance of
accurate targeting systems.

DETECTION

To this point, the discussion has
been on the benefits and challenges

of the hypersonic vehicle as an offen-
sive weapon. For the world to remain in
that slightly uneasy state of weapons
détente, defensive capabilities must be
roughly equivalent to the offensive ca-
pabilities. An imbalance increases the
likelihood of a hypersonic weapons first
strike.

While much of the development
has been on solving the offensive
weapons challenges, military planners
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and government defense agencies
are not overlooking the importance of
defensive capabilities. As Figure 3 il-
lustrates, hypersonic weapons flying
faster at lower altitudes with less pre-
dictable flight paths compress the time
for the conventional identify/decide/
execute Kkill-chain analysis of military
engagements. In addition to less time,
decision-makers face much larger con-
sequences and repercussions because
the detected hypersonic vehicle may
be carrying a kinetic, conventional or
nuclear payload. Another concern is
that decreasing the time to evaluate an
incoming projectile increases the likeli-
hood of a decision that escalates the
situation.

In response, defense agencies are
envisioning and developing defensive
networks that incorporate and inter
connect assets from the land, air, sea
and space domains (see Figure 4). The
figure shows two hypersonic weapons
launched from a plane and a land-based
launcher, shown by the red flight paths.
The illustration shows various satellite,
AWACs-type reconnaissance planes,
fighter jets, ground- and ship-based
radars identifying the launches, trigger
ing interceptor missiles launched from
ground, ship- and airbased assets.
This multi-layered solution integrates
space-based and ground-based sensor
systems to identify weapons launches
earlier in their flight paths.

The U.S. Department of Defense
(DOD) recently announced it will begin
evaluating the Long-Range Discrimina-
tion Radar homeland missile defense
system for tracking intercontinental bal-
listic missiles and enabling next-gener
ation threats like hypersonic weapons
to be detected at longer ranges. The
U.S. Missile Defense Agency (MDA) is
moving forward with a system that will
integrate into the Aegis Combat Sys-
tem on naval vessels. This system will
use two space-based sensor systems

A Fig. 4 Integrated hypersonic
defense network. Source: www.
airforcemag.com/article/hypersonics-
defense
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A Fig. 5 Global hypersonic weapons spending forecast by
country. Source: Strategy Analytics

to detect the launch of hypersonic threats, tracking them be-
fore they separate from their boosters.

In addition to conventional missile-based responses to hy-
personics weapons, the defense community is developing
a next-generation response. The MDA has selected several
U.S. defense companies to develop an interceptor specifi-
cally designed to defeat hypersonic threats. The Glide Phase
Interceptor program will develop a weapon to intercept and
defeat hypersonic weapons in the glide phase of flight as
they are maneuvering toward their targets. Several coun-
tries, including the U.S. and the U.K., are developing high-
energy laser weapons to help defeat hypersonic weapons.

SPENDING FORECASTS

Not surprisingly, a credible new threat with the potential
to disrupt the balance of power requires an in-kind develop-
ment response. Figure 5 shows Strategy Analytics’ latest
forecast for hypersonic weapons spending. We anticipate to-
tal spending on hypersonic weapons will reach nearly $22 bil-
lion in 2031 and believe the U.S. will be the largest spender,
accounting for slightly more than the combined expenditures
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A Fig. 6 Global hypersonic weapons spending forecast,
RDT&E vs. procurement and support. Source: Strategy Analytics

of China and Russia over the forecast period. The U.S. re-
sponse reflects the size of its defense budget, but it also re-
flects a concern that U.S. hypersonic weapons development
lags the efforts in China and Russia. These three countries
will account for nearly 85 percent of total spending, with
some development by other countries.

We have characterized hypersonic weapons as an old
technology that has been repurposed to a new mission pro-
file. The forecast in Figure 6 reflects the anticipated global
spending profile. As with any new application, early funding is
largely research, development, test and evaluation (RDT&E);
until 2025, we expect more than 90 percent of funding will
go toward development. Even though spending on RDT&E
will peak in the middle of the forecast period and fall off,
global defense agencies will still be spending more money
on RDT&E for hypersonic weapons in 2031 than in 2021. As
designers meet the challenges and the technology matures,
we anticipate procurement spending on working hypersonic
weapons will grow quickly. We expect militaries will spend
slightly more than $13 billion on global procurement and sup-
port in 2031.
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SUMMARY

This article has discussed the back-
ground, technology and development
path for hypersonic weapons. Despite
steady progress toward widespread
deployment, there is a body of thought
believing hypersonic weapons will prove
too expensive and the technical chal-
lenges too great for them to be widely
deployed. While this assessment may
prove valid, the recent activities from
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China and Russia have demonstrated
actual deployment and use of these
weapons, highlighting the implications
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ogy have the potential to disrupt the
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strains the conventional decision loop
by forcing a shorter command decision
cycle. Since the same hypersonic glide
vehicle or cruise missile can carry ki-
netic, conventional or nuclear payloads,
these weapons also increase the risk of
escalating a situation.

The stakes are high and, in response,
defense agencies around the world are
accelerating their offensive and defen-
sive capabilities. We have identified $7
billion of hypersonic weapons expendi-
tures in 2021, and we believe this will
grow to nearly $22 billion in 2031. The
scope and breadth of the development
challenges mean that most of this activ-
ity is RDT&E, with the ecosystem for hy-
personic weapons programs being gov-
ernment-funded programs awarded to
large defense companies and research
institutions, either alone or in teams.

While material and aerodynamic de-
velopments will be important, electron-
ics and solid-state semiconductors will
play a significant role in the success of
hypersonic weapons. Communicating
through the plasma shield created by
hypersonic velocity becomes a critical
need. Electronics must be robust to
withstand high internal temperatures,
while adding as little heat as possible
to the ambient temperature. Network-
ing capabilities in these extreme envi-
ronments will become important if the
mission requires multiple hypersonic
weapons launches.

Early identification of hypersonic
weapons is of paramount concern for
defensive systems. This means longer
range radars with increased linearity.
Satellites will play an integral role in
the detection network, leading to more
sensitive, higher power sensors. The
defense “network” will become a web,
incorporating multiple domains and
military branches, as we see with the
U.S. DOD's Joint All-Domain Command
& Control program. Both offensive and
defensive hypersonic development ar
eas seem ripe for incorporating artificial
intelligence and machine learning to re-
duce the time in the decision and com-
mand process.

Some have referred to the use of hy-
personics weapons as a “Sputnik mo-
ment,” where a country falls behind or
spends to catch up. The threat of this tech-
nology is too great to ignore, so we ex
pect countries will spend to maintain their
leads or to close the capabilities gap. As
militaries commit to hypersonic weapons,
future spending plans will create opportu-
nities for electronics and compound semi-
conductors as militaries look to restore a
global balance of power. &
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Advancing EW with New
Silicon and Standards

Rodger Hosking
Mercury Systems, Saddle River, N.J.

ecent advances in silicon technology have

aggregated many essential functions re-

quired by electronic warfare (EW) systems
within a single device. These highly integrated
components not only simplify traditional EW
design architectures, but also improve critical
performance metrics. Because of reduced size,
weight and power (SWaP) and cost, they also
open new markets and applications that were
previously impractical. In addition, emerging
standards for embedded systems offer opportu-
nities to harness these benefits.

Presented with diverse challenging require-
ments and tight schedules, EW system design-
ers must take advantage of any new suitable
resources, design strategies and standards to
meet these increasingly difficult goals. This ar
ticle discusses how these advantages can ad-
vance the capabilities of new EW platforms.

THREE CLASSES OF EW

The overarching mission of EW is the exploi-
tation of any part of the electromagnetic spec-
trum to achieve superiority over the adversary,
across virtually every deployed military platform
in every warfighting arena, including land, sea,
underwater, air and space. The hallmark of EW
is the never-ending escalation of techniques and
capabilities to gain an advantage over the oppo-
nent—before they counter the challenge with a
new design.

Electronic Attack (EA)
Classic Offensive Goals
to Disrupt, Deny, Degrade,
Destroy or Deceive

= Active Countermeasures

= Jamming

= Spoofing

= High Energy Transmission
= Al and Machine Learning

Electronic Protection (EP)

Seeks to Thwart the
Effectiveness of
Electronic Attack

= Cognitive EW

= Adaptive Spectrum

= Spread Spectrum

= Multi-Static Systems

= Al and Machine Learning

Electronic Support (ES)

Harvest Signal
Information to Improve
Decision-Making

= Signal Identification
=Decoding, Decryption

= Cognitive Radio

= Passive Radars

= Al and Machine Learning

A Fig. 1 While the three generic classes of EW systems
require diverse capabilities, they share underlying

technologies.

EW is roughly divided into the three major
classes (see Figure 1). Electronic attack (EA)
promotes offensive objectives to disrupt, deny,
degrade, destroy or deceive, while electronic
protection (EP) offers defensive tactics to thwart
the effectiveness of EA. Electronic support (ES)
exploits signal information to extract actionable
intelligence of all types to improve both strate-
gic and tactical decision-making. Although these
three classes have different objectives, they all
benefit from improvements in digital signal pro-
cessing, so effective new technology deployed in
one class is often quickly adopted by the others.

OPERATIONAL REQUIREMENTS

Modern EW systems are shifting away from
older dish antennas, which are large, heavy and
cumbersome to rotate and elevate to aim the
transmit/receive beam pattern in a particular
direction. Instead, phased array antennas now
offer many significant advantages for virtually
all platforms. They consist of a linear or two-di-
mensional planar array of antenna elements. By
adjusting the relative phase of each element’s
signal, the beam pattern can be electronically
steered to any angle—virtually instantaneous-
ly—without having to mechanically turn the ar
ray. When installed on the surface of an aircraft
or the belly of an unmanned vehicle, a phased
array antenna can quickly adapt to threats and
track multiple targets without the bulky mechani-
cal structures required for a dish. Although ideally
suited for airborne and unmanned aerial vehicle
radars, where size is critical, larger phased arrays
are extremely effective for precision ground and
maritime radars, especially for fire control and
countermeasure systems.

Phased array systems require extensive digi-
tal signal processing (DSP) resources to acquire
and generate the signals for each of the many
elements, precisely control the relative phase
shifts between the elements and implement
beamforming algorithms. This poses several
challenges for the traditional EW system archi-
tecture, where the antenna array is mounted in
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a location best suited to capture sig-
nals—perhaps on an antenna mast—
and connected to an equipment bay
through dozens of long RF cables for
the many elements. To ensure beam
steering integrity, accurate and stable
phase matching between the cables
is essential, despite temperature fluc-
tuations, cable movement, aging and
maintenance. Adding to the challenges,
analog signals flowing from remote

antennas or sensors suffer signal deg-
radation from cable losses and suscep-
tibility to interference from powerful an-
tenna transmitters, inter-channel cross-
talk and power generation equipment.
Signal latency is often critical to many
EA and EP systems dedicated to fire
control and countermeasures. Here, a
signal is received, a counter response
signal is computed and transmitted, all
with minimum overall delay. This latency
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often defines the limiting performance
of such systems. Unfortunately, the lat-
est analog-to-digital converters (ADCs)
and digital-to-analog converters (DACs)
with the highest sampling rates favor
gigabit serial JESD204 interfaces. Even
though they achieve high instantaneous
bandwidth, the serial interfaces on
these devices rule out their use in low
latency EW applications.

New EW techniques often require
significant increases in RF signal com-
plexity to confront and overcome the
latest threats and to further exploit
targets. Here, sophisticated radar
pulse waveforms are developed to ex-
tract more information from targets in
the presence of noise, jamming and
other countermeasures. Signals are
now more heavily encrypted for en-
hanced security against interception
and eavesdropping. For low latency EA
and EP systems, this means more real-
time DSP to maintain computational
throughput for an appropriate counter
response with minimal delay. This is
usually accomplished with FPGAs, al-
though some of the higher complexity
tasks can require GPUs or artificial in-
telligent (Al) engines.

Finally, phased array systems mag-
nify the data converter and signal pro-
cessing issues described because each
of the numerous elements now re-
quires its own dedicated ADC, DAC and
DSP functions. All the requirements
and challenges above will only grow as
EW systems evolve, so it is imperative
to identify and exploit new technolo-
gies, architectures and techniques to
maintain competitive advantage.

BENEFITS OF NEW
SILICON

Fortunately, Xilinx offers two ad-
vanced FPGA families that combine
several of the critical EW functions de-
fined above within a single device. The
first is the highly popular RF system-on-
chip (RFSoC) that went into production
in 2018. The RFSoC is part of the Xilinx
UltraScalet FPGA Zyng architecture
based on a 14 nm silicon geometry (see
Figure 2). Now in the Gen3 revision, it
includes eight 14-bit ADCs sampling at
5 GSPS to support direct RF digitization
of input signal frequencies up to 6 GHz,
and eight 14-bit DACs sampling at 9.8
GSPS.

Each ADC is equipped with direct
digital down-converters with program-
mable frequency tuning and decima-
tions of x1, x2, x4 and x8. An additional
decimation stage of x16 is implement-
ed in the FPGA, providing a maximum
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A Fig. 2 The AMD Xilinx RFSoC has the essential signal
processing elements needed for EW systems.

overall decimation of x128 for narrow-
er signal bandwidths. The DACs are
equipped with matching digital up-con-
verters with interpolation settings of
x1, x2, x4 and x8. These two 8-channel
RF data converters are connected di-
rectly to the Zynqg FPGA fabric, eliminat-
ing the power, connections, complexity
and latencies of the traditional interfac-
es to external discrete data converters.

An onboard, multicore ARM processor

) M

supports  the  key
functions for eight el
ements of a phased
array, including direct transmit/receive RF
conversion, real-time DSP and control. By
effectively addressing so many vital re-
quirements, this new FPGA architecture
was immediately attractive to EW design-
ers. Its small size shrinks SWaP and cost,
especially critical for air vehicles and small
EW countermeasure systems, and it en-
ables new system architectures providing
significant performance enhancements.
This technology enables compact,
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small form factor (SFF) enclosures in-
tegrated within or behind the antenna
array to hold the RFSoC devices and
the RF circuitry for converting RFSoC
-Band signals to and from higher fre-
quency antenna signals. Inside the
RFSoC, digitized samples from the
data converters connect directly to
the FPGA fabric, drastically reducing
latency compared to external discrete
devices with serial JESD204 interfaces.
DSP functions within the FPGA can lo-
cally apply the required phase shifts to
the elements for beam steering receive
and transmit signals and handling sig-
nal acquisition, triggering, waveform
generation, time stamping and digital
up- and down-conversion. These real-
time front-end operations significantly
offload back-end processing tasks.

Sensitive RF circuitry and data con-
verters are now inside the SFF enclosure,
eliminating the need for long analog RF
cables with their many disadvantages.
Instead, digitized payload signals are con-
nected to the host system using gigabit
serial links, a popular trend for embedded
system interconnections. The RFSoC
supports this architecture by providing
two 100 GbE interface engines, each
with four, full-duplex 25 Gbaud lanes.
By equipping each subsystem with opti-
cal transceivers, multi-mode fiberoptical
cables can deliver data at 24 Gbps across
distances up to 100 m. These links are
not only lighter, smaller and less expen-
sive than RF cables, they are impervi-
ous to electromagnetic interference and
maintain full signal integrity.

Because the RFSoC is a complete
software radio subsystem on a chip, it
opens many EW uses impractical with
earlier technology. These include stand-
alone SFF systems (see Figure 3) for
monitoring stations, troop protection,
agile countermeasures, fire control sys-
tems and smart munitions.

A Fig. 3 A ruggedized RFSoC enclosure
for mounting directly behind a phased
array EW antenna delivers digitized
signals across dual 100 GbE optical
interfaces using the VITA-49 data
protocol.
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SOSA™ AND EW

The Open Group Sensor Open Sys-
tems Architecture (SOSA™) Consor
tium released its long-awaited SOSA
Technical Standard 1.0 in September
2021, defining the SOSA Reference
Architecture. To comply with the De-
partment of Defense (DoD) mandate
for use of open systems architecture,
its rules describe a limited set of well-
defined open standard designs to be
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used in embedded defense systems.
Drawing heavily on VITA standards,
including OpenVPX, SOSAs benefits
include easier insertion of new tech-
nology, faster reaction to new defense
threats and requirements, improved
interoperability across vendors, longer
lifecycle and lower cost for acquisition
and maintenance.

With so many existing EW platforms
in need of upgrades and a growing need
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for new, more capable EW systems,
adopting SOSA is an obvious solution.
SOSA specifies a subset of OpenVPX
slots and module profiles for both 3U
and 6U VPX, defining backplane pins for
data, control and expansion planes to
promote vendor interoperability. Most
traffic flows across these planes use
Gigabit Ethernet at rates of 1, 10, 40 and
100 Gbps, all popular standards widely
used in commercial enterprise markets.

Another significant SOSA require-
ment is that all analog and digital /O
must flow through backplane connec-
tors instead of the front panel, intended
to simplify maintenance and improve
reliability. This has a major impact on
EW because of the high number of
antenna signals required for phased ar
ray designs. Foreseeing this dilemma,
engineers in VITA developed some re-
markable new backplane connectors
to handle devices like the RFSoC on
SOSA plug-in cards with eight analog
inputs, eight analog outputs and four
clock and timing signals.

Now adopted by SOSA, these back-
plane connectors support products
like the Mercury 5553 SOSA aligned
RFSoC processor (see Figure 4). The
unit has no front panel connectors (left)
and two VITA 673 metal blind-mate
backplane housings are visible in the
rear (right). Each housing includes 10
coaxial nano-RF connectors rated for
20 GHz signal bandwidth, which sup-
port all the analog 1/O signals from the
RFSoC. Each housing has a 24-lane
optical fiber ferrule supporting the two
100 GbE ports of the RFSoC.

A Fig.4 An RFSoC SOSA aligned 3U
OpenVPX plug-in card has 20 VITA 67.3
backplane RF coaxial connectors and
two 100 GbE optical I/0 ferrules.

NEW PROCESSOR AIDS EW

Xilinx's latest Versal Adaptive Com-
pute Acceleration Platform (ACAP) fam-
ily adds capabilities for EW systems.
The members of the family provide
different blends of three processing
resources: scalar processors (ARM
CPUs), adaptable logic (FPGAs) and
vector processors (GPUs and DSPs), as
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chine learning (ML)
will be used by all
three: EA, EP and ES.
Al capabilities such
as inference, image
processing,  pattern
recognition and signa-
ture detection are ap-
propriate for EW and
many other defense
applications. ML is a
subset of Al that can
help automate and
improve decision-
making by assisting
or replacing human
operators, resulting in
faster and more accu-

A Fig. 5 AMD Xilinx Versal Al Core ACAP heterogeneous
processor integrates adaptable FPGA, DSP, Al engines,
multicore ARM processors, network-on-chip, multi-rate
Ethernet I/O and other system interfaces. Source: Xilinx.

shown in Figure 5. Following the RF in-
tegration inspired by the success of the
RFSoC, an upcoming version of ACAP
will offer onboard direct sampling RF
ADCs and DACs.

Of the many requirements for the EW
classes shown in Figure 1, Al and ma-

rate responses.

The heteroge-
neous mix of ACAP
resources  enables
designers to assign

a task to the most suitable process-
ing engine and adaptively reassign the
resources as required. This flexibility
of ACAP delivers up to 10x the perfor-
mance compared to dedicated proces-
sors. Onboard, flexible high bandwidth

memory (HBM) boosts the processing
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A Fig 6 SOSA aligned 6U OpenVPX
conduction-cooled plug-in card with
two ACAP Versal Al devices with
heterogeneous scalar, vector and logic
processing for Al, DSP and ML EW
applications.

bandwidth for all the engines. To in-
terconnect all these resources, ACAP
includes an extremely wideband, con-
figurable network-on-chip with a uni-
form interface and protocol to simplify
system integration.

Versal development tools support
high-level design entry from frame-
works, models, C-language and RTL
coding. Users can create a custom de-
velopment environment to suit project
needs and programming preferences.
Other Versal hardware/software plat-
forms will evolve to speed EW develop-
ment and support high-complexity and
extreme performance requirements.

The flexibility of ACAP aligns with
SOSAs objectives for reusability and
adaptability to new threats. As an exam-
ple, the Mercury SCFE6931 (see Figure
6), is a 6U VPX SOSA aligned processor
plug-in card containing two ACAP Versal
Al Core Xilinx VC1902 devices.

SUMMARY

Since EW is an increasingly signifi-
cant cornerstone of all defense orga-
nizations, the rapid adoption of new
technologies and standards is impera-
tive. Integrating data converters, FPGA
resources and processors into a single
RFSoC affords major benefits to perfor-
mance while reducing SWaP and cost.
Creating a heterogeneous mix of spe-
cialized processing resources afforded
by the ACAP device enables a single,
flexible platform to support a wide
range of advanced Al and ML applica-
tions and deployment scenarios.

By adopting the newly released SOSA
Technical Standard 1.0, system designers
can comply with the DoD's open sys-
tems architecture mandates to lower ac-
quisition costs and extend system lifecy-
cle. Harnessing these new complex tech-
nologies requires development tools that
support high-level design entry and the
flexible migration of tasks across many
resources. Expect ongoing development
of these tools and other new technolo-
gies to meet the constantly evolving EW
needs of the warfighter. &
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LEO Constellations:
The New Military Frontier

Nancy Friedrich
Keysight Technologies, Santa Rosa, Calif.

atellite applications for government and

military range from ultra-secure commu-

nications to tracking and early warning of
ballistic and hypersonic missiles. As space be-
comes a more highly contested arena, satellites
will play an increasingly crucial role in maintain-
ing superiority.

Traditionally, aerospace and defense orga-
nizations used geostationary orbit (GEO) and
higherorbit satellites, very complex systems
with longer development and production cycles.
While low Earth orbit (LEO) constellations were
considered, the benefits of numerous small sat-
ellites in multiple orbits connected as a single
network were not proven and the challenges
significant. However, once development efforts
began to overcome size, weight, power and cost
constraints, LEOs started a new space race.

Military and government organizations are
increasingly eying LEO satellites for military ap-
plications. In the U.S., for example, the president
requested a $24.5 billion budget for the U.S.
Space Force and Space Development Agency
for fiscal year 2023. However, the viability of
LEOs for aerospace and defense will depend
on performance assurance throughout devel-
opment, launch and the mission. This task has
two challenges: proving capabilities for military
applications and verifying performance at higher
frequencies and wider bandwidths.

LEO CHALLENGES

Like the commercial world, aerospace and
defense agencies are generating and consum-
ing more data. With global reach, they need
to transmit and receive information through
satellite networks, both for communication
and data transfer. A distributed LEO constella-
tion spreads the reliability risk and cost across
hundreds or thousands of satellites; however,
this brings security risks for the hardware as it
passes over unfriendly territories. National se-
curity needs require cyber protection and novel
operation to protect this infrastructure when
deployed in space.

In addition to ensuring security, LEOs must
maintain exacting performance despite chal-
lenges from weather, the environment—even
motion. LEO satellites move at some 17000
mph as they orbit the Earth. Though such con-
stellations have many advantages for low la-
tency communications, Doppler shift and fad-
ing must be accommodated in the link design.
Unlike satellites in GEO, LEO satellites have a
limited field of view because of their lower alti-
tude and speed (see Figure 1). More satellites
are needed to provide coverage of the globe
and any given region.

Communicating with a LEO constellation re-
quires the ground terminals to switch among
satellites and antenna beams to maintain un-
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A Fig. 1 As each LEO satellite has a limited field of view,

multiple satellites are needed to continuously cover the
surface of the Earth.

interrupted communication. Because of the speed of the
satellites, coordination between terminals and the individual
satellites must occur automatically. The terminal must track
one satellite, then a second as the first satellite goes out of
view, and the connection must seamlessly switch between
the two. Phased array antennas perform this task well, able
to track multiple LEO satellites simultaneously, so no con-
nectivity is lost. A phased array comprises many antennas
in a matrix—each antenna element phase shifted so the ra-
diated waves add constructively or destructively—maximiz-
ing gain in desired directions, minimizing in undesired direc-
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tions. Phased arrays provide features and characteristics not
achievable with a single antenna.

Spectrum crowding is another challenge for LEOs. Limited
availability in reserved satellite bands and requirements for
wider bandwidth in satellite links have increasingly pushed
deployment to higher frequencies, including for aerospace
and defense applications. This demand for data rates is driv-
ing satellites to use more complex modulation, as well. How-
ever, wider bandwidth and higherorder modulation can limit
link quality at mmWave frequencies.

ASSURING PERFORMANCE

The viability of LEOs for aerospace and defense applica-
tions depends on assuring performance throughout the mis-
sion. This requires proving the system has the capabilities
for military applications and verifying the performance at the
operating frequency and bandwidth. To achieve higher data
rates, wireless communication systems typically increase
signal bandwidth and use higherorder modulation, increas-
ingly using mmWave frequencies because of the available
wider bandwidth. However, wide bandwidth, higher-order
modulation and mmWWave frequencies pose challenges:

Link budget: As the operating frequency increases, so
does the path loss between the transmitter and receiver. To

A Fig. 2 Proprietary communications signals can be
developed using signal analyzers with advanced modulation
analysis capabilities.
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achieve adequate signal-to-noise in the
link, the transmit power and noise fig-
ure of the receiver must be designed
to match available component tech-
nologies for the distance. Fortunately,
LEO constellations have less path loss
than GEO satellites, and advances in
cost-effective phased array architec-
tures enable targeted spot beams that
increase gain and the effective radi-
ated power.

Noise: Wideband systems have
more noise power and are more sus-
ceptible to spurious signals within the
band. The receiver must be designed
to have sufficiently low spurs and a
low noise floor to achieve the required
spurfree dynamic range and error vec-
tor magnitude with the chosen modula-
tion.

Test complexity: High frequency,
wide bandwidth signals can be diffi-
cult to test, requiring the most capable
test systems. The signal generator that
drives the device under test and the
signal analyzer that processes the out-
put signal must cover the appropriate
frequency band and have sufficient in-
stantaneous bandwidth, output power,
noise figure and linearity—with mar

gin. For example, characterizing power
amplifiers with digital predistortion re-
quires linear power and wide measure-
ment bandwidth.

The LEO system may use propri-
etary modulation—unique geometric
forms, even asymmetric—which the
signal generator must be able to syn-
thesize and the analyzer demodulate
(see Figure 2). The test system should
be flexible, able to accommodate dif-
fering modulation and channel band-
widths of multiple satellite systems.
Also, it should be easy to configure,
minimizing the time to generate and
analyze complex signals. For the user,
developing and maintaining synchro-
nization, signal quality and hardware
connectivity algorithms can be time-
consuming; the equipment should
ease this burden.

TEST SYSTEM EVOLUTION

To support the rapid development of
LEO satellite systems for commercial,
government and military applications,
test systems for wideband signal trans-
mission through dynamic channels
must offer users the ability to character
ize future systems: new frequencies,

ERS
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A Fig.3 A low noise, high frequency
signal generator (shown) paired with

a signal analyzer are useful tools for
developing the communication links of
satellite systems.

bandwidths, signals and technologies.
As system complexity grows, the test
system should not limit or slow devel-
opment.

Fortunately, continuously improving
processors, mmWave components and
software are enabling test, measure-
ment and calibration systems to meet
the needs of these LEO satellite con-
stellations, whether in development or
not yet defined. The current generation
of signal analyzers provides coverage to
54 GHz with 2.5 GHz of instantaneous
bandwidth, 5 GHz with channel bond-
ing (see Figure 3). Adding high per
formance up-converters extends the
frequency range to 110 GHz with low
phase noise.

Ease of use is also a priority. For ex-
ample, for multitone group delay tests,
current systems enable the user to
set everything up on the analyzer; the
analyzer sends the appropriate configu-
ration to the source, i.e., tone frequen-
cies and spacing, bandwidth and pow-
er. An easy setup using a single graphi-
cal interface controls both instruments,
which ensures no mismatch between
the source and analyzer.

SUMMARY

LEO satellite systems have intro-
duced new design and test challenges:
higher frequencies, wider bandwidths
and system complexity. A microwave
signal generator with signal genera-
tion software can accelerate system
design, optimization and validation,
keeping pace with compressed de-
velopment times to launch. The signal
generators and analyzers must pro-
vide signal purity, linear output power
and low noise to support the goal of
mission assurance. Once a satellite is
launched and deployed, it can't be re-
turned to Earth to fix. The test systems
must assure accurate, repeatable and
traceable results. &
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Information Systems Laboratories, Inc.
San Diego, Calif.

field tests is infeasible or prohibitively expensive.

A Fig 1 Replicating the “fog of war” of the battlefield in

designer’s imagination.

|
A Fig. 2 ISL's RFView HWIL solution enables real-time
virtual field testing in environments as complex as a

he RF environment for many advanced RF

applications is increasingly congested and

possibly contested (see Figure 1). Emulating
this environment in field tests can be very costly
and, in some cases, is not feasible.

Information Systems Laboratories’ (ISLs)
RF Digital Engineering family of tools, known
as RFView®, can facilitate the life cycle of ad-
vanced RF systems—radar, electronic warfare
(EW), electronic intelligence (ELINT) and other
advanced RF applications—from development
through sustainment (see Figure 2). With ISUs
RFView hardware-in-the-loop (HWIL) solution,
for the first time, actual flight hardware can be
integrated into a high fidelity modeling and sim-
ulation (M&S) environment via an RF analog or
digital interface.

ISUs technology began with seminal projects
at the Defense Advanced Research Projects
Agency (DARPA) and the Air Force Research
Laboratory (AFRL). In 2000, DARPA/AFRL initiat-
ed the Knowledge-Aided Sensor Signal Process-
ing and Expert Reasoning (KASSPER) project,’
a predecessor to what today is called cognitive
radar.2=4 Its goal was to create a new generation
of “smart” radar capable of adapting to complex
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Knowledge-Aided
Adaptive Radar
at DARPA

A Fig. 3 DARPA’s KASSPER project,
a predecessor of cognitive radar,
provided an impetus for advanced RF
M&S and “digital twinning.”

environments too stressing for tradi-
tional adaptive radar (see Figure 3).

From the start, it was clear that a
new generation of high fidelity, physics-
based RF M&S tools would be required
to develop, evaluate and test the meth-
ods developed in the KASSPER project.
To fill this gap, ISL was selected to
apply the advanced M&S tools it had
already begun to develop. Beginning
in the early 2010s, AFRL initiated the
Cognitive Fully Adaptive Radar (CoFAR)
project under the Small Business Inno-
vation Research (SBIR) fund, with a sis-
ter project focused on M&S to support
the effort. So successful, it resulted in a
rare Phase Il award focused on transi-
tion.%=8 (see Figure 4).

A fully commercial set of products
has since been created that form a
fully integrated set of digital engineer
ing tools supporting the whole product
lifecycle, from requirements and analy-
sis-of-alternatives, through design/pro-
totyping, test and evaluation, training,
mission planning and sustainment (see
Figure 5). This environment is ideal for
artificial intelligence and machine learn-
ing systems, which require voluminous
training data and/or environments to en-
sure robust performance. B

References

1. J.R. Guerci and E. J. Baranoski, “Knowledge-
aided Adaptive Radar at DARPA: An Over-
view,"” Signal Processing Magazine, |EEE, Vol.
23, No. 1, 2006, pp. 41-50.

2. S. Haykin, “Cognitive Radar: A Way of the Fu-
ture,” IEEE Signal Processing Magazine, Vol.
23, No. 1, 2006, pp. 30-40.

3. J. R. Guerci, "Cognitive Radar: The Knowl-
edge-Aided Fully Adaptive Approach,” Artech
House, 2010.

4. J.R. Guerci, “Cognitive Radar: The Next Radar
Wave?,” Microwave Journal, Vol. 54, No. 1,
January 2011, pp. 22-36.

5. David Metzger, “SBIR Phase Il Award Informa-

38

Aerospace & Defense

PRODUCT FEATURE

tion,” SBIR-STTR, August 2019, Web: www.
shir.gov/sites/all/themes/shir/dawnbreaker/
img/documents/Course9-Tutorial3.pdf.

6. “SBIR-STTR Success Story: Information Sys-
tems Laboratories Inc.,” SBIR-STTR, Novem-
ber 2018, Web: www.shir.gov/node/1526807.

Information Systems
Laboratories, Inc.

San Diego, Calif.
www.islinc.com/rfview-2

TOPIC NUMBFR:
AF131-138

TOFIC TITLE

Fuy Adeptve Facer

CONTRACT NUMBER:

FARLAD 1 5 1 B

TECHNICAL
PROJEC

AFFRL 5

SPONSORING

PUBLISHED:

Hcremmims 2078

VIRTUAL REALITY SOLUTION ALLOWS

RADAR DESIGNERS TO BYPASS EXPENSIVE FLIGHT TESTING

A Fig. 4 AFRL's CoFAR project was an SBIR success story.

RFvicw

Predictive Maintenance

SUSTAINMENT

Prototype Maintenance
LRIP Training
Acceptance Disposal

RPFirw RFview BFView RFirw

B HWIL M TRAINING Al

p—

A Fig. 5 ISL’'s RFView Digital Engineering tools support the product lifecycle.

AEROSPACE & DEFENSE SUPPLEMENT = JUNE 2022



UHF TO KA-BAND

Defense Radar

For High-Sensitivity Surveillance & Acquisition

In-stock and custom solutions (ITAR)
Wideband, high power, low noise, high dynamic range
50+ years design and manufacturing experience

Supply chain security—no EOL target

e

Long-Range Battlefield Fire Control
Surveillance Management

1 Mini-Circuits




ince semiconductor device perfor

mance is a function of temperature,
an amplifier’s small-signal gain will
change as the temperature varies, de-
creasing as the temperature increases
and increasing as the temperature
decreases. This can adversely impact
the performance of a system if this
gain variation is not accounted for. To
help designers address this variability,
Fairview Microwave offers a family of
temperature compensated amplifiers
that operate from -55°C to +85°C and
reduce gain variation by 2x to 3x com-
pared to an uncompensated amplifier
at +85°C, the gain of the compensated
amplifier will be 1.0 to 1.5 dB lower than
the room temperature (+25°C) gain; at
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Temperature

Compensated Amplifier

Portfolio

-65°C, it will be 1.0 to 1.5 dB higher.
Temperature compensation is accom-
plished by using voltage-controlled at-
tenuators driven by thermistor circuitry,
located between the amplifier's gain
stages.

Fairview's temperature compensat-
ed portfolio comprises 12 models cov-
ering frequency ranges from 500 MHz
to 40 GHz, all with minimum gains of
35 dB over the full temperature range.
The 50 Q amplifiers are assembled
using MMICs and thin film circuits in
housings with coaxial feeds, either
SMA or 2.92 mm. As examples of the
amplifiers in the family, the FMAM5101
at +25°C provides 47 dB typical gain
from 500 MHz to 4 GHz, with gain flat-

ness less than =175 dB, maximum
noise figure of 4.5 dB and typical P1dB
of 21 dBm. For mmWave applications,
the FMAM5108 provides 45 dB typical
gain from 26.5 to 40 GHz, with £3 dB
flatness, less than 8.5 dB noise figure
and 18 dBm typical P1dB.

Fairview's amplifier modules provide
repeatable performance and high reli-
ability, suitable for demanding applica-
tions such as aerospace and defense,
test and measurement, communica-
tion systems and general R&D.

\)VENDORVIEW

Fairview Microwave
Lewisville, Texas
www.fairviewmicrowave.com

,Proven Technology
daCompPenEnts
EOIMVIITANES
Weorldayidls
* Solid er Amplifiers ® Trans
°| Microwave Assemblig
ol Components

-eiver Protectors
gnetrons

Communications
& Power Industries

as A |

pr 5,

e
Communications & Power Industries 150 Sohier Road, Beverly, MA USA 01915 » +1{978)922-6000)e cpii.com
vy




naPico Switzerland recently in-

troduced a compact, broadband
frequency synthesizer for generating
accurate and stable CW and pulsed
signals between 100 kHz and 22 GHz.
The APMSYN22 achieves —132 dBc/Hz
phase noise at 20 kHz offset from a 1
GHz carrier, and subharmonics are be-
low —-60 dBc. Frequency resolution is
10 mHz, and the synthesizer switches
between frequencies within about 10
ps. The unit's output power range is
—40 to +25 dBm and can be set with a
resolution of 0.5 dB.

The synthesizer supports external
references of 100 MHz and 1 GHz.

r
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22 GHz Synthesizer:
Mult-Channel, Phase
Coherent Configurable

Multiple units can be synced to create
phase-coherent sources. One synthe-
sizer will generate a 1 GHz reference
that is looped through the other syn-
thesizers. To illustrate the performance,
with all channels set to 5 GHz, the inter
channel phase difference variation will
remain within approximately +0.5 de-
grees over 10 hours.

An Ethernet interface enables con-
nection to a local or remote PC, where
the unit can be controlled using AnaPi-
co's GUI software or SCPI commands.
The synthesizer is enclosed in a com-
pact, well shielded, flange-mountable
housing measuring 125 x 100 x 20 mm

and weighing less than 0.5 kg. It con-
sumes just 17 W so the design uses
passive cooling.

The APMSYN22 is suitable for
many applications, including as a sys-
tem clock source or in multi-channel
phase-coherent configurations for ra-
dar, beamforming, spectroscopy and
quantum computing. The combination
of phase coherence and fast switching
also, makes the synthesizer well suited
for electronic warfare applications.

AnaPico AG
Zurich, Switzerland
www.anapico.com

Your chips are
precious cargo.

Gel-Pak

Protecting the World's Valuable Devices

To learn more, visit:
www.gelpak.com/Ics2

Make sure they arrive safely.

Compound semiconductor chips keep getting
thinner and standard waffle packs just aren’t
designed to contain them. The result? Die migration.

At Gel-Pak, we designed the Lid Clip Super System : -
(LCS2™) to eliminate component out-of-pocket defects .
resulting from die migration. It features a patented lid clip system that
delivers uniform compression across the entire lid. Static dissipative
materials provide enhanced electrostatic discharge protection.

Your valuable devices arrive defect-free and ready for assembly.

Count on the LCS2 to:
> Prevent die migration defects ==
> Keep thin die in place

> Provide protection from
jostling during transport

> Improve final yield

> Save time and money
> Eliminate troubleshooting and rework

s »
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ompound semiconductor die are

getting thinner, and standard waffle
packs aren't designed to contain them.
The result is die migration, resulting in
higher cost from vyield loss, rework la-
bor and returned material to suppliers.
Gel-Pak® and BAE Systems® designed
a new lid clip system that works with
standard waffle pack chip trays and elim-
inates die migration. LCS2 is a patented
lid clip system that ensures uniform
compression across the lid of the waffle
pack, which prevents components from
escaping their pockets. Using static dis-
sipative materials to enhance protection
from electrostatic discharge, LCS2 en-
sures valuable devices arrive defect-free
and are ready for assembly.

42
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Lid Clip System Stops
Thin Semiconductor
Die from Migrating

Gel-Pak and BAE Systems designed
LCS2 with the goal to prevent die migra-
tion by sealing every pocket in a waffle
pack. Choosing materials for the lid clip
system, they began by selecting a low
outgassing, static dissipative, low den-
sity polyurethane foam and industry
approved interleaf material. These are
assembled into a static dissipative, in-
jection molded lid using a silicone-free
pressure sensitive adhesive. The patent-
ed “gold” lid is combined with a patent-
ed, highly engineered “gold” clip design
that uniformly compresses the lid onto
the tray, ensuring complete contact of
the entire interleaf against the surface of
the waffle pack tray. The static dissipa-
tive material used for the lid and clip was

tested per ANSI/ESD S11.11 to ensure
ESD Class 000 protection for semicon-
ductor devices with the lowest voltage
susceptibility thresholds.

The resulting design keeps thin die
in place in the waffle pack, eliminating
past defects caused by die migration,
either during transport or during assem-
bly. The LCS2 lid clip system improves
overall manufacturing yields and reduc-
es the amount of troubleshooting, re-
work and overage, leading to improved
manufacturing cycle time and reduced
product cost.

Gel-Pak
Hayward, Calif.
www.gelpak.com/lcs2/

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

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

Precision products include high frequency and can run

to 18, 40 or 50 GHz

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

Solderless connectors for semi-rigid cable also available

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

USA:

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

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

A different kind of Interconnect Solutions Provider

www.intelliconnectgroup.com
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tellant Systems’ Quad Space nano

microwave power module (MPM®)
is an RF power amplifier for Ku/K-Band
satellite downlinks, designed for a new
generation of software-defined satellites
that use phased array antennas to in-
crease on-orbit flexibility. The nanoMPM
has four amplifier chains, each combin-
ing a solid-state amplifier driving a small
travelling wave tube (TWT) output ampli-
fier, with all four chains powered by a
proprietary electronic power conditioner
(EPC) that converts the satellite bus volt-
age to the biases required by the driver
and mini-TWT. The solid-state driver pro-
vides high gain with predistortion to lin-
earize the amplifier chain.

The Quad Space nanoMPM covers the
173 to 20.5 satellite downlink band and

r
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Ku/K-Band MPM
Optimizes Satellite

Downlinks

provides 30 W linear output power (60 W
saturated) with a nominal input power of
-24 dBm. The MPM has 35 percent effi-
ciency at a 15 dB noise power ratio.

Two amplifier chains are packaged in
a housing—with two housings for the
four amplifiers—and the EPC is in a sep-
arate housing. Each dual-channel ampli-
fier has a mass of 1.25 kg, including the
high voltage bias cable and the mass of
the EPC is 2.3 kg. The nanoMPM pro-
vides full control of its operation, with
telemetry to monitor the operating sta-
tus, temperature, currents and the RF
output power of each channel. In addi-
tion, the structural output power of each
amplifier chain can be adjusted on-orbit
over a 2 dB window.

Need Low-Power Mini turized
Rubidium Oscill tor for
your Applic tion?

AEROSPACE & DEFENSE SUPPLEMENT = JUNE 2022

Meet Oroli

June 21-

or

The combination of a solid-state
driver and mini-TWT bridges the gap
between solid-state amplifiers and the
traditional linearized channel amplifier
TWT used in many satellites. By tap-
ping the best of solid-state and TWT
technologies, the Quad Space nano-
MPM balances the output power, lin-
earity, efficiency, bandwidth, size and
mass for next-gen satellite applications.

Stellant  Systems  manufactures
critical components for defense, space,
medical, scientific and industrial cus-
tomers around the globe.

Stellant Systems
Torrance, Calif.
www.stellantsystems.com

lia

tIMS 2022

23, Color do Convention Center

Denver, Color do Booth # 7011
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ernexWave offers an extensive line

of drop-in circulators and isolators
that can be customized to a project'’s
needs. Start with a catalog including
narrowband, broadband, octave and
multi-octave models covering frequen-
cy bands from under 100 MHz to over
30 GHz. CernexWave's designs span
power levels from a few milliwatts to
over a kilowatt, offering high isolation
and performance in extended tempera-
ture environments. To minimize printed
circuit board footprint, the circulators
and isolators are designed to be as
small as possible, down to a few mil-
limeters in diameter.

CernexWave's catalog includes the
CID09090525-01, a narrowband isola-
tor covering 9.2 to 9.6 GHz with 25 dB
isolation and less than 0.5 dB insertion

Aerospace & Defense

TECH BRIEF

-xtensive Line of
Drop-In Circulators and

loss. The model CCD08120618G is a
broadband circulator covering 8 to 12
GHz and providing 18 dB isolation. The
CCDO01010320-07 is a high-power model
tuned for 1.2 to 1.4 GHz with power han-
dling of 700 W and greater than 20 dB of
isolation.

Used to protect sensitive compo-
nents from reflected signals, Cernex-
Wave's high-quality ferrite devices are
also low cost. Delivery times are short,
even for large quantities—whether a
catalog product or customized for a pro-
gram. CernexWave supports the global

solators, from 100
MHz to 30 GHz

marketplace for wireless communica-
tions, satellite communications, radar
systems, antenna signal distribution
and test labs.

CernexWave, founded in 2011 and
sister company Cernex, formed in
1988, supply active and passive RF/mi-
crowave components. The company’s
quality management system meets the
requirements of 1ISO9001:2015.

CernexWave
San Jose, Calif.
Wwww.cernexwave.com

SUPPLYING HIGH-PERFORMANCE PASSIVE
RF & MICROWAVE COMPONENTS SINCE 1988

M WAVE DESIGN CORPORATION

designs and manufactures in the U.S.

and provides a broad range of custom passive
microwave hardware from 100MHz to 50GHz.
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M WAVE DESIGN CORPORATION
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 |

(805) 499-8625 |

HIGH-POWER WAVEGUIDE ISOLATORS

S band through R band waveguide isolators
Covering S-Band (2 GHz) through U-Band
{50 GHz); 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.

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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Stable Cable
Assemblies

Z Form Cable, a Trexon company, has added phase

stable dielectric cores to its product offering, which
will reduce the “knee” characteristic seen with cable
assemblies using Teflon™ cores. The phase stable ca-
ble will initially be available with a 0.086 in. core (EZ-
PT86), although EZ Form plans to add other sizes in
the future. The EZ-PT phase stable cables are available
as build-to-print cable assemblies or as bulk cable with
optional RF connectors.

The phase of a coaxial cable assembly changes with
temperature variation, which usually needs to be com-
pensated by system hardware or software. This adds
complexity to the design and may require additional cal-
ibration, increasing test time and cost. Phase changes
can be particularly problematic with multi-channel sys-
tems, where phase matching among the channels is
required. Using a more phase stable material improves
system performance and reduces the need for hard-
ware or software compensation.

EZ Form Cable is an AS9100D certified manufacturer
of coaxial cable, coaxial cable assemblies, RF connec-
tors and coaxial delay lines, with experience building
phase matched cable assemblies and delay lines. EZ
Form Cable meets ITAR and NIST requirements for se-
curity, and the company'’s cable assemblies have been
qualified on many military and aerospace systems. Its
products have also been fielded in telecommunica-
tions, medical and test and measurement applications.

EZ Form Cable
Hamden, Conn.
www.ezform.com/phasestable/
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POWER SYSTEMS TECHNOLOGY | | [ I{i™

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 MULTI-FUNCTION
ATTENUATORS ASSEMBLIES

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

105 Baylis Road, 417 Boston Street
Melville, NY 11747 Topsfield, MA 01983
Tel: (631) 777-8900 Tel: (978) 887-5754
Fax: (631) 777-8877 Fax: (978) 887-7244
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New 16-Channel
ADC for Phased

ﬂfﬂﬁtﬁ Array Radar
i Applications
YVENDORVIEW

The AD9083 is a 16-chan-
nel, 125 MHz bandwidth
continuous time sigma delta
analog-to-digital ~ converter
with a best-in-class power
consumption of 0.09 W per
channel. The integrated digi-
tal signal processing, on-chip PLL, flexible JESD204B interface
and compact 9 x 9 mm package make it an ideal solution for
large, phased array radar and digital beamforming applications
where phase-coherent multi-chip synchronization is critical.

Analog Devices Inc.
www.analog.com/AD9083

Design Your Own
Filter

The QUEST tool allows you
to design lowpass, high-
pass, narrow bandpass and
wide bandpass filters using
different technologies to re-
alize narrowband and wide-
band performance. Select
the parameters based on
your desired technology type, insertion loss and return loss,
and then submit your request for a quick proposal a custom
filter configured to your custom specifications and applica-
tion.

BSC Filters
www.bscfilters.com/quest

CernexWave
Coaxial Circulators
and Isolators

Cernex\Wave's coaxial circula-
tors and isolators are an ideal
solution for broadband or nar
rowband signal control at a

DC 4621 - wide range of power levels.
-  — They can be tailored to the
exact frequency and power
you need while maintaining
low insertion loss and high
isolation. We can also customize the input and output ports to
fit perfectly in your system. The model COIU2U40916-01 co-
axial isolator has a frequency range of 225 to 400 MHz with 16
dB isolation and can handle over 50 W of power.

COIU2U40916-01

S/N:C18744

CernexWave
www.cernexwave.com
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o Compact-Size

& B‘J’ Frequency Synthesizer

AnaPico Switzerland recently

introduced a new, compact-

of accurate and stable signal in both CW and pulse form,
covering a frequency range of 100 kHz to 22 GHz, with a
to 25 dBm. The phase noise at 1 GHz and 20 kHz offset is
-131 dBc/Hz. Multiple units can be connected together for

Wideband and

up to 22 GHz
size broadband frequency synthesizer for the generation
fast-switching time of about 10 us, the output power of -20
phase-coherent channels.

AnaPico Switzerland
www.anapico.com

3D Printed
Components
In April, CAES opened a
state-of-the-art Additive
Manufacturing Lab in Ex
eter, N.H., focused on mak-
ing space-ready 3D printed
b components. The lab sup-
ports CAES' partnership with SWISSto12, the leading pro-
vider of 3D printed technology for RF applications, and is
dedicated to bringing additive manufacturing solutions to
the U.S. aerospace and defense industry. “This flight proven
technology will allow us to rapidly go from design to manu-
facturing with much more complex components,” said CAES
CEO Mike Kahn. For more information visit our website.

CAES
https://caes.com/3dprinting

Wideband SSPA
Module 4-18 GHz
50 W Model
BMEG69189-50

COMTECH PST offers wide-
band solid-state power am-
plifier (SSPA) modules for communications, electronic war
fare (EW) and radar transmitter applications. This compact
module measures 6.5” x 3.5" x 0.8" and weighs less than 2
Ibs. The unit features built-in test with over current and tem-
perature fault. The unit operates on +28 VDC. This military
grade SSPA module features highly efficient and reliable GaN
solid-state technology. Other frequencies and power levels
are available.

COMTECH PST
www.ComtechPST.com
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G

Solid-State GaN
Power Amplifier
Offers 630 W for
SAR Applications

Specifically designed for—
and currently operating in—
multifunctional SmallSat
and airborne synthetic ap-

: erture radar (SAR) systems,
CTT l\/IodeI AGN/O99 5860-P is a GaN-based SSPA. Operat-
ing frequency is 9.4 to 9.9 GHz with a pulse power output
of 630 Watts, small signal gain is 60 dB, minimum and noise
figure is +10 dB. The compact amplifier is 6.17” L x 6.35" W
x 0.82" H and weighs less than 2 Ibs. Higher power option is
available. CTT will be at booth 6017 at IMS2022.

CTT Inc.

High Performance
Passive
Components

www.cttinc.com
' i )VENDORVIEW

- 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. We provide various types of designs, each with
its own unique values and are designed and made in U.S.
Many of our designs offer extremely high Q factor, allowing
very low insertion loss and high-power handling.

Exceed Microwave
www.exceedmicrowave.com

EZ Form Phase
Stable Cable

/. -

( EZ Form Cable, a Trexon

el (’I//:/ Company, is proud to an-
nounce the addition of

phase stable dielectric cores to its standard product offering.

Initially offered in its 0.086" sizes, this phase stable core will

reduce the Teflon “knee" found in solid core cables.

EZ Form phase stable cable is available in both build-to-print

applications or as bulk cable.

EZ Form Cable, aTrexon Company
www.ezform.com/phasestable
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I- and Ka-Band
Integrated
Stabilized RF
Sources

Integrated stabilized RF
sources (ISRFS) designed
for radars, radar simulation,
ECM, EW threat simula-
tion, test and measure-
ment. dB Control designs and manufactures ISRFS units:
dB-9003 (8 to 12 GHz and 30 to 36 GHz) and dB-9005 (30
to 36 GHz) which are customizable. Featuring four types
of modulation (AM, FM, Pm and Pulse), high accuracy and
wide temperature operating ranges. They can be controlled
and set up with a digital port.

dB Control
www.dBControl.com

Exodus
AMP2080D, 10
kHz to 250 MHz,
500 W

)VENDORVIEW

Exodus AMP2080D, ideal
for broadband EMI-Lab ap-
plications. Class A/AB linear
design for all modulations
and industry standards. Covers 10 kHz to 250 MHz, pro-
duces 500 W minimum, 700 W typical with 57 dB minimum
gain. Excellent flatness, optional monitoring parameters for
forward/reflected power indication, VSWR, voltage, current
and temperature sensing for superb reliability and rugged-
ness. Integrated in our compact 8U chassis weighing ap-
proximately 45 kg.

Exodus
https://bit.ly/390Mun4

Gel-Pak’s Vertec
Polyurethane
Device Carriers

Gel-Pak’s new VRP product
line consists of a proprietary
crosslinked  polyurethane
film membrane over a mesh
material that holds compo-
nents in place until they are
released “on-demand” by applying vacuum to the underside
of the tray. The new polyurethane Vertec® Vacuum Release
(VR) Tray provides the same appearance and functionality as
the traditional Gel VR Tray, yet is both Si-free and static dis-
sipative. It handles components from 250 pm to 300 mm,
immobilizes and protects valuable devices during shipping
and handling and is ideal for high volume automated device
pick and place applications.

Gel-Pak
www.gelpak.com/product-spotlight/gel-pak-vrp
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End & Vertical
Launch Connectors

Y/)VENDORVIEW

HASCO, Inc., a global sup-
plier of just-in-time RF and
microwave components, is
- expanding its line of End and
Vertical Launch Connectors,
manufactured by South-
west  Microwave. These
high performance connectors feature a solderless, clamp-on
concept; designed to provide the lowest VSWR and mode-
free wide responses up to 110 GHz for single and multilayer
microstrip. Both the end and vertical launch connectors are
available in multiple launch configurations, provide the best
possible match to circuit layout and works on microstrip and
GCPW designs.

HASCO, Inc.

www.hasco-inc.com

Intelliconnect:
Specialist Supplier
of RF, Microwave
and Cryogenic

Connectivity
Intelliconnect Group is a
specialist  designer and

manufacturer of RF microwave, waterproof and cryogenic
connectors adapters and cable assemblies suitable for ap-
plications including quantum, wearable technology, medi-
cal, telecoms, satcoms, military, aerospace, space, general
microwave communications, rail traction, oil and gas and
marine. Intelliconnect also manufacture the market leading
Pisces range of waterproof RF connectors, coaxial adap-
tors to facilitate interseries connection and gender change,
dust-caps and offer value added services. Intelliconnect are a
leading supplier of cryogenic cable assemblies for quantum
computing.

Intelliconnect Group
www.intelliconnectgroup.com

Directional Coupler
Covers 26.5 to 40.0
GHz with 30 dB
. B\ Coupling

et LY VENDORVIEW
S e el KRYTAR Model 264030 of-
: # fers 30 dB of nominal cou-
pling covering 26.5 to 40
GHz (Ka-Band), in a compact
and lightweight package. The coupler lends itself to wire-
less designs and many T&M applications within Ka-Band fre-
quency. Ka-Band is used for commercial 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. Mea-
sures 1.12 (L) x 0.40 (W) x 0.62 in. (H) and weighs 1.0 ounces.
KRYTAR will be at IMS2022 at booth 7072.

KRYTAR
https://krytar.com/products/couplers/directional-couplers/

204020

48

COMPANY SHOWCASE

2-18 GHz Reference
Design Featuring HL9333
Harmonic Down-
converter

HYPERLABS is proud to announce
its newly redesigned 20 GHz har
monic down-converter |C packaged
in a 4 mm QFN package. Boasting 18
GHz RF bandwidth and optimized for
LO sampling rates from 100 MHz to
2.5 GHz, the HL9333 features excellent linearity, low noise
and improved RFIF conversion response that is consider
ably flatter than the previous generation HL9313 harmonic
mixer. The HL9333, shown here in a 2 to 18 GHz reference
design, is ideally suited for use in Nyquist folding receiv-
er and other undersampled broadband receiver systems.
HYPERLABS

www.hyperlabs.com/product/hl9333/

Virtual RF
Hardware-in-the-
Loop FlightTesting
ISUs real-time hardware-in-
the-loop (HIL) RTEMES®
system enables for the first
time, virtual flight testing of

- advanced RF systems for ra-
dar, ELINT and EW applications. It supports multichannel RF
systems from VHF to Ku-Band and is based on a cost-effec-
tive digital COTS transceiver/FPGA architecture. RTEMES®
is designed to seamlessly integrate with ISU's RFView®
RF Digital Engineering tools including high fidelity, physics-
based modeling and simulation.

ISL

www.islinc.com

RF Power Sensors

_ )VENDORVIEW
. ¢ LadyBug Technologies’
it | LB5944A LB5944A, a 44 GHz USB
; [— power sensor, offers sev-
__1 eral features specifically

designed for defense users.
These include Option MIL,
which prevents the storage of information inside the sensor;
and Option SEC, a secure erase feature that allows sensitive
users to erase any settings, offsets or data that have been
stored within the sensor prior to the sensor leaving the se-
cure environment. Additionally, the sensor utilizes LadyBug's
patented active thermal stabilization which eliminates drift
associated with accurate low power measurements.

LadyBug Technologies
www.LadyBug-Tech.com
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High Performance
Components Since
1988

M Wave Design Corpora-
tion has been supplying low
loss, high performance Fer
rite and Wavegwde components since 1988. M Wave spe-
cializes in high-mix, low volume microwave components. The
unit illustrated above was a system design “afterthought”
by a customer who ran out of space. M Wave solid modeled
and built the WR28 full-band circulator and waveguide run
into their package constraints and “on time and in budget.” M
Wave Design Corporation designs and manufactures a broad
range of custom passive microwave hardware from 100 MHz
to 50 GHz.

M Wave Design Corporation
https://mwavedesign.com

Norden
Millimeter’'s 18 to
40 GHz Down-
Converter

YVENDORVIEW

The NDC184010217N14 is
an 18 to 40 GHz down-converter, part of Norden Millimeter’s
expanding line of catalog and custom frequency converters.
This product is available with a 0.5 to 18 GHz bypass channel
and hermetic case. Custom designs incorporate temperature
compensation, variable gain and meet military environmental
requirements. Norden can also provide RF and microwave
assemblies which include frequency conversion, switch ma-
trices, amplifiers, LNAs and filters.

Norden Millimeter
www.NordenGroup.com

Filters, Multiplexers
& Multifunction
Assemblies

Y)VENDORVIEW

Reactel manufactures a line
of filters, multiplexers and
multifunction assemblies
covering up to 67 GHz. Re-
actel's talented engineers
can design a unit specifically for your application, from small,
lightweight units suitable for unmanned flight or portable mil-
itary systems to high-power units capable of handling up to
25 kW, connectorized or surface-mount.

Reactel
www.reactel.com
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New GPS Notch
Filter for Space,
Aerospace,
Defense and
Military Industries

MCV notch filters are de-
signed with 3D EM simula-
tion and built under strict high reliability and quality stan-
dards. A 50 W GPS notch filter exhibits 35 dB rejection from
1560 to 1590.8 MHz with less than 0.2 dB insertion loss and
20 dB return loss in passband covering 1340 to 1525 MHz
and 1625 to 2320 MHz. The small package size of 5.5" x
4.1" x 2.37" and around 2 Ibs. of weight make it very use-
ful to hi-rel communication systems. A video demonstrates
how easily this filter is produced in production.

MCV Microwave
https://youtube.com/watch?v=0pAJ08wrWiQ&featur
e=share

High-Power,
Compact (3U)
Traveling Wave
Tube Amplifiers

The new 9103 series is of-
fered as 3U rack mountable
amplifiers, with standard
models providing frequency coverage of 2 to 8 GHz and 6.5
to 18 GHz, with output power ratings of 300 Watts CW or
1.5 to 2 kW pulsed. All of Quarterwave's amplifiers feature
low noise, high PRF, optional 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 kWV.

Quarterwave
www.quarterwave.com

Wireless
Propagation
Predictions for
Military, Defense
and Commercial
Communications

VENDORVIEW

Remcom offers products and consulting services for wire-
less propagation applications ranging from military defense
to commercial communications. Remcom’s Wireless In-
Site® software provides efficient and accurate predictions
of radio wave propagation and communication channel char
acteristics in complex urban, indoor, rural and mixed path en-
vironments. Propagation projects that Remcom can simplify
include 5G MIMO, 5G NR, ad-hoc and temporary networks,
base station coverage analysis, indoor Wi-Fi, microcell cover
age, LTE and WiMAX throughput, moving vehicle or aircraft
and tower placement in urban environments.

Remcom
www.remcom.com/wireless-propagation
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Aerospace,
Security & Defence

Rosenberger provides a
comprehensive product
portfolio of high-reliable
interconnect  components
and devices which is in ac-
cordance with the stringent
requirements of MILPRF
39012, DIN EN 9100 or
ESCC Certification of the European Space Agency. The wide
product portfolio qualified for aerospace, security and defense
applications includes RF coaxial components, microwave
components and cable assemblies, RF test and measurement
products or fiber optic interconnect components. A brochure
is available for download from the Rosenberger website.

Rosenberger Group

www.rosenberger.com/markets/spaceflight-aerospace-
defence/

Unrivaled Value in
RF Test Equipment
In  business since 1996,
we've built our company
on years of test equipment
repair, service, hardware &
software development, and
manufacturing  experience.
We're a small company with
big goals—and a commitment to providing our customers
with outstanding experiences when buying and using our
products. Our much-anticipated SM435B (coming soon) has
an increased tuning range of 100 kHz to 43.5 GHz, 160 MHz
of instantaneous bandwidth and ultra-low phase noise to ex-
pand your reach into mmWWave spectrum analysis.

Signal Hound
https://signalhound.com

How to Increase
the Accuracy of RF
Test Results

Y)VENDORVIEW

1 Accurate calibration is a
must for reliable results.
SPINNER supplies top-qual-
ity calibration kits with OPEN, SHORT, LOAD and THROUGH
lines for performing top-quality measurements in labs, on
production lines and on site at customers. All SPINNER cali-
bration kits are mechanically highly robust and optimized for
high repeatability of connections. They include calibration
data for various accuracy levels of the electrical modeling.

SPINNER

wwWw.spinner-group.com
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* rg ANALOG
DEVICES

; AHEAD OF WHAT'S POSSIBLE™

Complex
Problems,
Simple Solution

For mission critical applications, Analog Devices delivers
proven, beamforming technology with trusted reliability
when and where you need it most—from the unknown
vastness of space to the unrelenting theater of war.

G & @

Optimized Enhance Speed Low Power, Minimal
Form Factor to Market Heat Dissipation

Find your solution at
analog.com/phasedarray




