


apitech

www.apitech.com

RF & Microwave Components,
Subsystems & Solutions to 50 GHz

RF & Microwave components and technologies from our Inmet & Weinschel
brands. Delivering quality innovation for more than 60 years.

Coaxial Fixed Attenuators

e L L RN ™

Programmable Attenuators and Subsystems

RF Switching and Signal Distribution Units

RF Switch and Attenuation Matricies

Coaxial Terminations

Bias Tees, DC Blocks and Power Dividers

® Gain Equalizers and Phase Shifters

® Adapters, Connectors and Accessories e

® Surface Mount Attenuators, Terminations, Resistors = 3 3\
-
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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable 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. -

lephone (239) 643-440

Picoprobe elevates pi';)

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 -
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ontent 1S Copyright pro ected anzg‘pl(o39 6&‘ % or Sgrsonal usglg}ll}?m%lo

For reprints please contact the Publisher.

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

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
Insertion Loss 0.6 dB 0.8 dB 1.3 dB
Return Loss 22dB 18dB 15dB

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

NAPLES, FL 34101

www.picoprobe.com
reproductlon or P a%smlssmn



MILLIMETER WAVE

MMIC

PRODUCTS

MULTI-OCTAVE BANDWIDTHS
UPTO43.5 GHz

Amplifiers | Attenuators | Couplers | Equalizers | Mixers
Multipliers | Reflectionless Filters | Splitter/Combiners

Now over 90 MMIC models In Stock
covering applications above 20 GHz
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Avallable in Plastic SMT & Unpackaged Die

u m u ] ®
[ Mini-Circuits
(718) 934-4500 sales@minicircuits.com www.minicircuits.com 598 Rev B_P
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The Finest Print -~ = NIC

It's The Small Things That Make You Successful

www.nickc.com

FEATURES

Center frequency range: 1 GHz - 23 GHz
Bandwidth: 1% to 60%

Sharp selectivity
(Shape factor of 1.6:1 for 1dB to 30dB)

Extremely low profle (< 0.08 inches)

Built on industry standard Alumina
and Titanate substrates.

2.
1S0 9001:2015 N I c NETWORKS 913.685.3400
TR INTERNATIONAL 15237 Broadmoor
AS9100D CORPORATION Overland Park, KS

ded for personal use only - not for reproduction ore¢naisagissi@nickc.com
ints please contact the Publisher.



FROM SURFACE MOUNT COMPONENTS
TO COMPLEX TESTRACK ASSEMBLIES

LN KEL |

MICROWAVE
G\

a D company )

IN TOUCH WITH YOUR FILTERING SOLUTIONS
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ENABLING COMMUNICATION AND SIGNAL CONTROL

www.klmicrowave.com « www.kifilterwizard.com » 410-749-2424 « sales@kImicrowave.com « [ 1] &
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CONNECTIVITY SOLUTIONS FOR EVERY
NEED, WHEN YOU NEED THEM.

SAME-DAY CUSTOM GLOBAL
'\ SHIPPING CAPABILITIES ~ CONNECTIVITY
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AVAILABLE FOR SAME-DAY SHIPPING!

L-com serves the needs of engineering professionals requiring urgent access to wired and wireless
connectivity solutions with a commitment to off-the-shelf availability and same-day shipments.

* Award winning customer service

» Short lead time custom products

* Over 30,000 products in stock

» Expert technical and application support

» Same-day shipping L COI I ITM

L-com.com | +1 {800) 341-526¢ | +1 (978) 6E2-693E an INFINIT® brand




RF-LAMBDA

THELEADER OF RF BROADBAND SOLUTIONS

RFLUPAOIM22GA RFLUPAO2GOGGC
4W0.1-226H2 100W2-66HZ -« _

140W 6-18GHZ \%‘Aummsn

RFLUPAO218GA SOLID STATEBROADBAND 30W 0.7-6GHZ

10W 2-18GHZ

RFLUPADBGIIGA
50W 8-11GHZ o)
RFLUPA18G476C

2W 18-476HT - " RFLUPA27G34GB
NUF 15W27-346H2

RFLUPAOG18GC
25W 6-18GHZ

4 "
RFLUPADGGI2GE ™ RFLUPA28G42GA ™
25W 6-12GHZ .y 2W 28-426GHz , py E;}g;?ﬂzﬂnﬂ?un

SYSTEM POWER AMPLIFIER

Cce®

RAMPOOGOGGA -30W0.01-6GHZ RAMP39G48GA-4W39-48GHZ  RAMPO1G22GA - 8W1-22GHZ  RAMP27G34GA - 8W 27-34GHZ

WWW. .com 1-888-976-8880 San Diego, CA, US Ottawa, ONT, Canada
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Cover Feature

20 RF SOI can Save $Billions in 5G
mmWave Network Costs with
Efficient PAs

Joe Madden, Mobile Experts; Anirban Bandyopadhyay
and Ned Cahoon, GlobalFoundries; Harish
Krishnaswamy, MixComm

Technical Features

50 The Maximally Efficient Amplifier
Gareth Lloyd, Rohde & Schwarz

April 2020
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Amplifiers and
Oscillators
mwjournal.com
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Look for this month’s exclusive article online at mwjournal.com
Low Loss and High Power Substrate Integrated
Waveguide for High Speed Circuits
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Communication Engineering, National Institute of Technology,
Tiruchirappalli, Tamil Nadu, India.
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Has Amplifier Performance or
Delivery Stalled Your Program?
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® Custom Product Development

TIMING PRODUCTS

TEST &

© Documentation Related Services

® Electrical Test Capabilities ® (lock Oscillators . cxxEQ;?;EEMENT « Obsolete Parts Replacement
® Device Tape & Reel ® MEMS Oscillators o Terminations ® Solder Tinning
® Hi-Rel Screening o (rystals o Open/Shorts * Packaging
® DIE Services o Buffers > o Couplers e Kitting
* V(X0 ® Switches
AMPLIFIERS * T(X0 ® Phase Shifters DIODES

o Gain Blocks ¢ 0CX0 o Attenuators e PIN

® Linear Drivers * Schottky I~

® Low-Noise * Varactor %

* Viariable Gain ® Limiter \h

® Coaxial Module ® Gunn

oA TRANSISTORS

® P(B Mount fé;‘. o mW to kW P

® Paich ; ® GaN o

o Coaxial / It's who we are o LDMOS «/j

® Goose Necks ) ® High Frequency

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

SWITCHES CABLE ASSEMBLIES ATTENUATORS FILTERS

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

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

RFMW e 188 Martinvale Lane ® San Jose, CA 95119 U.S.A.
Toll Free: +1-

www.R

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

MW.com e sales@

FMW.com

. 7-367-7. o o
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How do you adapt the real world
for electromagnetics simulations?

Isuanzation of the electric jierd norm and jar-jie
radiation pattern of a biconical frame antenna.

When the ultimate goal is to design more efficient and
productive electronic devices, design engineers need to run
antenna measurements. If you know what attributes of the
real world are important, you could instead test the designs
with simulation.

The COMSOL Multiphysics® software is used for simulating
designs, devices, and processes in all fields of engineering,
manufacturing, and scientific research. See how you can
apply it to electromagnetics simulation.

comsol.blog/EM-simulations

COMSOL
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Low Noise

BYPASS
AMPLIFIERS

1 MHz m B GHz

Built-in byp il Il I
Noise figure as low as 1.1 dB

Ultra-wide bandwidths with flat gain SEE US AT
BOOTH#

- - - - ®
[ Mini-Circuits
www.minicircuits.com (718) 934-4500 sales@minicircuits.com 584 Rev B_P

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.
For reprints please contact the Publisher.



MIAY

MARK YOUR CALENPAR

Call for Papers
Deadline

Hosted this year November
1-6, the Antenna
Measurement Techniques
Association puts on
four days of courses,
presentations, networking
and exhibits dedicated
to the development and
dissemination of theory, best
practices and applications
of antenna, radar signature
and other electromagnetic
measurement technologies.
www.amta2020.org

[ ]

=

SPACE TECH EXPO
USA

/‘ 8 2 O San Francisco, Calif.

Space Tech Expo returns to California for two days of knowledge sharing and networking alongside the
largest supply chain exhibition of its kind. The free-to-attend exhibition will showcase the latest technology
from technical designers, sub-systems suppliers, manufacturers and components through to systems
integrators for civil, military and commercial space.

www.spacetechexpo.com

25-28

The 2020 International Microwave Biomedical Conference is an international forum for the exchange of
ideas and information on state-of-the-art research in microwave and RF theory with techniques that bridge
the science and engineering gap as applied to biological systems.

D

2020 International Microwave
Biomedical Conference
Toulouse, France

4-7

From energy to transportation and construction to defense, join
8,500+ users, technologists and policymakers to collaborate on ideas,
share lessons learned and build new partnerships.

www.xponential.org

0O)

o
a ME&

APMC 2020
10-13 Nov Hong Kong

ZAUVSI
Call for Papers

Boston, Mass.
Deadline

At the 2020 Asia-Pacific Microwave Conference, held November
10-13, a broad forum will be provided for participants from

The CS-MANTECH conference is dedicated to featuring
manufacturing-focused presentations alongside state of the art
compound materials challenges and industry-leading device
performance demonstrations, all within a single venue.

www.csmantech.org

both academia and industry to exchange research results and
discuss collaborations in the fields of microwaves, millimeter
waves, terahertz waves, infrared and optical waves.
www.apmc2020.org

cS MANTECH

CS-MANTECH
Boston, Mass.

FOR PETAILS, VISIT MAJOURMAL COM/EVENTS
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Higher Performance

at Lower Cost
through Innovative
Engineering

Z\
7-\\gile

Microwave Technology Inc

BROADBAND
POWER AMPLIFIERS

» 2-18 GHz 8W, 10W and 15W
» 0.5-18 GHz 1W, 2W and 4W
» Compact Size

» Competitive Price & Fast Delivery

LNA with 5SW PROTECTION
» Broadband Performance to 20 GHz
» Low Noise Figure
» Medium Power up to 1W
» Hermetic Housing Option

NEW WEBSITE with:

® IN STOCK Amplifiers
® Parametric Search
Capabilities

984-228-8001

www.agilemwt.com
ISO 9001:2015 CERTIFIED
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ComingEvents

AMTA 2020
May 1

2020 IEEE BiCMOS and
Compound Semiconductor
Integrated Circuits and Technology
Symposium (BCICTS)

May 9

APMC 2020
May 31

IEEE IMaRC 2020
July 30

mwjournal.com

@@E’E‘m”iﬂm \MM&H D

APRIL

Expo Electronica 2020
April 14-16 « Moscow, Russia
www.expoelectronica.ru/en-GB

WAMICON 2020
April 15-17 « Clearwater Beach, Fla.
Www.wamicon.org

ARMMS Spring 2020 Conference
April 27-28 « Thame, UK.
www.armms.org/conferences

€S MANTECH \‘ SPACE TECH EXPD USA

MAY

AUVSI Xponential 2020
May 4-7 « Boston, Mass.
www.xponential.org

CS Mantech 2020
May 11-14 « Tucson, Ariz.
http://csmantech.org

Space Tech Expo USA 2020
May 18-20 - Long Beach, Calif.
www.spacetechexpo.com

IEEE IMBioC 2020
May 25-28 « Toulouse, France
https://imbioc-ieee.org

AL B ot (M AT

=i s

JUNE

Military Space USA 2020

June 9-10 « Los Angeles, Calif.
www.smi-online.co.uk/defence/northamerica/
milspace-usa

IEEE MTT-S IMS 2020
June 21-26 - Los Angeles, Calif.
https://ims-ieee.org

MilSatCom USA 2020

June 24-25 « Arlington, Va.
www.smi-online.co.uk/defence/northamerica/
MilSatCom-USA

95th ARFTG Microwave Measurement
Symposium

June 26 < Los Angeles, Calif.

www.arftg.org

HIHG iy . guly 37 =3

JULY

SEMICON WEST 2020
July 21-23 « San Francisco, Calif.
www.semiconwest.org

IEEE EMC+SIPI 2020
July 27-31 « Reno, Nev.
www.emc2020.emcss.org

VASYE v
v |
5

e 4
v

AUGUST
AUTOTESTCON 2020

August 24-27 « National Harbor, Md.
https://2020.autotestcon.com

5G Antenna Systems 2020
August 26 « Dallas, Texas
www.antennasonline.com

““E ARRERES STRECHT ED I E2I|9u2u% Desi|
-ﬂf THE NETHERLAKDS ‘C 0 ilnnnminn ﬁuminu
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SEPTEMBER

PCB West 2020
September 8-11 « Santa Clara, Calif.
www.pcbwest.com

EuMW 2020
September 13-18 « Utrecht, The Netherlands
www.eumweek.com

EDI CON China 2020
September 27-28 « Beijing, China
www.ediconchina.com

OCTOBER
ITC 2020

October 26-29 « Glendale, Ariz.
www.telemetry.org

MW(GC Los Angeles 2020
October 28-30 « Los Angeles, Calif.
www.mwclosangeles.com

NOVEMBER

AMTA 2020
November 1-6 « Newport, R..
www.amta2020.0rg

Global MilSatCom 2020
November 3-5 « London, U.K.
www.globalmilsatcom.com

APMC 2020
November 10-13 « Hong Kong, China
www.apmc2020.org

IEEE WIE Forum USA East
November 12-17 « Providence, R.I.
site.ieee.org/wie-forum-usa-east

Space Tech Expo Europe 2020
November 17-19 « Bremen, Germany
www.spacetechexpo.eu
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ANALOG
DEVICES

Analog‘“ﬁé’vi’ces has been gettmg*‘
S read?ﬂfer 56 for a Iong tlme

_ ” N

Instrumenting 5G

The transition of test and measurement capabilities from 4G to 5G is not a simple
step up. It is an evolutionary leap beyond the performance of current equipment.
Wider frequency spectrum and millimeter wave bandwidths are just some of the
challenges. And before they can be met, they have to be measured and tested.

. ADL5920:

£ 9 kHzto7GHz
Bidirectional RMS
and VSWR Detector

The ADL5920 is a 9 kHz to 7 GHz
With leading-edge products, including DC-13 GHz, high-ESD MEMS switches, and detector that simultaneously measures

wideband RMS and VSWR detectors, Analog Devices can help you do that with the forwar dlandhr 9‘/lef ser f?"; P;WE"’ /9V‘=‘I/S in
broadest RF portfolio, the highest-performing converters, and deep expertise all asignal path, along with the return loss.
along the signal chain.

RichardsonRFPD eamnwone asour. [B1Zp[R]
% An Arrow Company _ 5G INSTRUMENTATION AT iiﬁg

richardsonrfpd.com/ADI-5G-TEST E

Your Global Source for RF, Wireless, loT & Power Technologies

www.richardsontfpclcorn | 8007275837 | 620.262.6800




CoVER FEATURE

INVITED PAPER

RF SOI can Save $Billions in 5G

mmWave Network Costs with
Efficient PAs

Joe Madden
Mobile Experts

mWave 5G networks

are a high priority for
operators, as the rapid
growth of consumer

data demand will soon outstrip the
capacity of sub-6 GHz networks
forcing American operators to rely
on the more difficult mmWave
bands. In fact, operators driven by
high urban data density deployed
more than 85,000 mmWave radio
units in 2019. There is no better way
to add truckloads of capacity.
However, 5G mmWave deploy-
ment has been a bumpy road so far.
Operators have discovered that sig-
nals above 20 GHz do not behave
well. The systems work as expected
for line of sight conditions, but non-

Anirban Bandyopadhyay and Ned Cahoon
GlobalFoundries

line of sight links are not as stable.
In field deployment so far, the up-
link is the clear limitation. This has
always been the case, in 2G, 3G
and 4G systems, as the link budget
is usually 2-3 dB weaker for the up-
link than the downlink. This time,
however, mmWave field trials have
shown more than 15 dB difference
between the two link budgets. 5G
networks need a closed loop for
channel estimation, so both uplink
and downlink are necessary. The re-
sult has been unstable performance
in the field.

Another major challenge in
mmWave comes from high attenu-
ation along the propagation path.
Obstacles, foliage, rainfall or even

Harish Krishnaswamy
MixComm

hands holding the device can add
30 dB of attenuation or more.
Phased arrays partially overcome
this limitation via spatial power
combining, focusing the signal into
narrow steered beams, as well as
spreading the antenna array over a
wider area. The benefits of phased
arrays have made them the founda-
tion for 5G mmWave deployments,
but the lesson here is that the sys-
tem needs margin, because any
small change in the channel can
quickly add 10 dB of path loss.
Today's 5G mmWave networks
are limited by RF power and heat
dissipation. The uplink Effective Iso-
tropic Radiated Power (EIRP) from
early user equipment and customer

Antennal
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A Fig. 1 Large-scale mmWave phased array constructed using tiled 2x2 dual-pol. beamforming front-end modules (FEM).
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COA)(IAL D‘RECTINA
' COUPLERS

RLC has the exact solution
vou’re looking for.

Our complete line of Directional Couplers covers cellular, octave and broadband frequencies.
Designs include micro-strip, stripline and airline for high power applications.

B Frequencies from 10 MHz B Low loss, high directivity B Directional detectors
to 40 GHz
B Single or dual directional B Very low passive
B Power ratings up to 500 intermodulation designs
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premise equipment (CPE) has been
too weak to provide the necessary
link budget margin. At the same
time, some devices have shut down
during testing due to overheating.2
The success of mmWave clearly
depends on solutions to a few key
challenges: 1) Cost associated with
limited range, 2) thermal and elec-
trical power budget and 3) module
cost. This article highlights these
challenges and demonstrates how
RF SOl based mmWave phased
array systems can enable the opti-
mum solution for future mmWave
5G infrastructure compared to other
semiconductor technologies.

BASIC ARCHITECTURE OF THE
PHASED ARRAY AND KEY
METRICS

Phased arrays consist of mul-
tiple antenna elements with phase
shifting at each element to steer
the beam (see Figure 1). Phase
shifting can occur in either the RF,
as depicted in Figure 1, or digital
domain. For optimal beam shape,
the spacing of antenna elements in
the phased array (lattice spacing) is
typically a half wavelength. On-chip
and PCB routing loss are very high
at mmWave, so minimizing loss in
routing from chip to antenna is im-

22

portant. As a result, mmWave front-
end components (LNA, PA, switch)
need to be physically close to each
antenna element. At 28 GHz, \/2
is 5.4 mm and at 39 GHz, it is 3.9
mm. The lattice spacing constraints
and need for IC/antenna element
co-location creates a thermal chal-
lenge. This is exacerbated by the
low PA efficiency of first generation
solutions. The high peak to average
power ration of 5G NR modulation
results in a large back-off from peak
power operation, where the PA is
inherently inefficient. With transmit
efficiencies as low as 5 percent to 10
percent, the great majority of front-
end power dissipation goes to heat
generation concentrated within the
lattice spacing as opposed to RF
signal power. Improving transmit
path linear efficiency is thus of para-
mount importance for next genera-
tion designs.

The array gain of a phased array
is proportional to the number of ar-
ray elements (N). On the Tx side, the
combination of array gain and addi-
tional power per element results in
an N2 increase in output power as
compared to a single element. This
fundamental property of the phased
array enables a trade-off between
semiconductor performance and the
size of array needed to meet system
requirements. In particular, the N2 re-
duction in output power per element
to achieve the same system EIRP tar-
gets makes silicon technologies an
attractive choice for all but the high-
est power applications.

The minimum requirement is

Due to the high losses at mmWave,
parasitics of active and passive ele-
ments are critical. Minimizing loss
in the metal/dielectric stack is im-
portant since transistors must drive
transmission lines at the top metal
levels and for efficiency in power
combining networks. Thick metal
and dielectric stacks are important in
minimizing this loss. Substrate loss-
es are also important; quality factor
of matching networks and transmis-
sion line insertion loss improves with
higher resistivity substrates. On the
Rx side, transistor NF,;, is impor-
tant for low noise circuits; on the Tx
side, breakdown voltage and safe
operating area are paramount for
efficient power generation in the PA
and for power handling in the an-
tenna switch.

SEMICONDUCTOR
TECHNOLOGIES — RF SOI VS
CMOS VS GaN

In RF SOI technology, CMOS
transistors are built on a top layer
of silicon isolated by a buried ox-
ide (BOX) layer from the silicon
substrate. The oxide isolation re-
duces FET junction capacitance to
substrate and improves FET perfor-
mance. As a result, transistor f; and
fhax iN @an SOl technology are higher
than in a comparable node planar
CMOS technology.

For example, GlobalFoundries
(GF) has a 45 nm RF SOI in produc-
tion that has been optimized for
mmWave performance. NFET and
PFET f1/f, . are 290/330 GHz and
245/300 GHz, respectively. Metal/
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tor  performance [ =
S 700 350

(fr and f.,,). De- : .
signers need a | & Q 3

7 o 600 300 <
minimum of 5x and | & f 5

. i} )
preferably 10x ratio £ 500 - 5 . 250 3
between transis- | © g \ A < /E P
o w © ©
tor cutoff frequen- | € 459 o = Y g 200 3
cies and operation | 5 \ / E]
frequency for ac- | 3 300 150 2
ceptable gain and 3 \ / E
circuit margin at | @ 200 100 @
the mmWave car | % )< o
. [ &« 50 =
rier frequency. This | & 100 L . E
means that at the | & )
0 1 1 1 1 1

39 GHz 5G band, | = % 5 10 15 20 25 30
a ZhOO GHz fT/fmax Average Output Power per PA (dBm)
is the minimum ac-

Ceptab|e and 400 A Fig. 3 Comparison of semiconductor technologies for 5G
GHz is preferred. 28 GHz infrastructure phased-array Tx applications.

m APRIL 2020

Content is copyright protected and provided for personal use only - not for reproduc}\;{%lﬁ% %%%afl%rgi sion
For reprints please contact the Publisher. ’



Ana|pijco

EX of Switzerland

(ene.

We make
the difference

AnaPico In

of Switzer

r

-
iy o ~3 y

% G
-~
\

. e .,‘.h‘ }
Swiss made RF / Micro
4y ,
Analyzers available i

The Model 7000 series is an integrated solution
that offers an indispensable set of measurement
functions for evaluating signal sources ranging
from VHF to microwave frequencies such as
crystal oscillators, PLL synthesizers, clocks,
phase-locked or free-running VCOs, DROs, SAW
or YIG oscillators, and others.

The Model 7000 series

INPUT POWER ANALYSIS

FREQUENCY RANGE RANGE RANGE FEATURES

e All-in-one compact measurement system

e Measurements down to -190 dBc/Hz

e Measurement of continuous wave and
pulsed signals

e Highest flexibility & dynamic range by
selectable internal or external references

e Programmable low noise power supplies

e Powerful GUI and programming interface

1 MHz to 40 GHz -15to +20 dBm 0.01 Hz to 100 MHz

For US Customers: For Non-US Customers:
Call: 800-234-7858 Email: rfsales@anapico.com
Email: rfsales@berkeleynucleonics.com Visit: www.anapico.com

Visit: https://tinyurl.com/u9wdx2
anté{lt Psycopyr?gh{protectegv and provided for personal use only - not for reproduction or retransmission.

For reprints please contact the Publisher.



CoverFeature

dielectric stacks are optimized for
mmWave performance and offer sin-
gle and dual ultra-thick Cu levels for
low loss transmission lines and com-
bining networks and high Q pas-
sives. With the superior front-end
performance and 45 nm logic den-
sity, the typical integration level for
solutions based on RF SOI encom-
passes the PA, LNA, phase-shifter,
and combiner front ends for 4-ele-
ment and 8-element beamformers,
and may also include mmWave up/

down conversion and RF transceiv-
ers. 45 nm logic density enables the
integration of high-speed SPI inter-
faces with large beam tables con-
taining 1000s of entries, allowing for
agile beamforming for high mobility
applications.

A unique advantage of RF SOI
technology is the capability to engi-
neer the substrate for improved RF
performance. High resistivity (>1K
ohm-cm) substrates reduce signal
loss to the substrate and improve

BETTER COMMUNICATION SOLUTIONS
MECA Products & Equipment

MECA Electronics (Microwave Equipment & Components
of America) has served the RF & Microwave industry with
equipment and passive components since 1961. Now
with expanded capabilities up to 50GHz including Power
Dividers, Couplers, Attenuators, Terminations and Isolators.
MECA is a privately held ISO?001:2015 registered global
designer and manufacturer for the communications
industry with products manufactured in the USA.
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Public Safety .

Homeland Security

transmission line loss and Q of
matching networks. Higher Q input
matching networks result in lower
LNA NF. In addition, engineered
substrates with trap rich layers under
the BOX reduce parasitic conduction
mechanisms that otherwise will de-
grade switch harmonics and linearity.

RF SOl transistors are fully isolated
from each other by the surrounding
oxide. Since the FETs are electrically
isolated and there is no common
substrate node as in bulk CMQOS,
FET's can be connected in series
("stacked"”) and biased such that the
voltage is distributed equally across
the stack (see Figure 2). Stacking
overcomes the low breakdown volt-
age limitations of advanced node
CMOS since the breakdown voltage
of the stack is the sum of the BV of
the individual transistors in the stack.
This is a significant benefit to front-
end circuit performance, resulting
in higher PA output power and effi-
ciency and improved antenna switch
insertion loss and power handling.
45 nm RF SOI PAs can deliver peak
output power of 20-23 dBm at 28
GHz with high efficiency (>40 per-
cent PAE). This is in contrast to solu-
tions in advanced CMOS, where the
low breakdown voltage of advanced
node FETs results in lower Pout and
PAE. The higher efficiency of RF SOI
PAs is important in reducing thermal
dissipation and addressing one of
the key technology challenges of 5G
arrays.

With 5G NR modulation, the PA
will experience peak RF voltages
that are 2x the supply voltage. Ac-
curate evaluation of transistor deg-
radation under complex 5G wave-
forms is important to assure the
high reliability and lifetime require-
ments of 5G infrastructure are met.
This is best done with PDK tools
that seamlessly integrate reliabil-
ity models with circuit design and
simulation.

5G mmWave base stations are
targeting EIRPs of 60 to 65 dBm.
Figure 3 compares the number of
elements required in the Tx phased
array to achieve 65 dBm EIRP, as a
function of the average modulated
output power per PA element, and
the associated overall Tx array pow-
er dissipation. This figure has been
compiled using publicly available
information on output power and
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efficiency of PAs implemented in
different technologies, and factors
in the power consumption in the
“plumbing” of the array, namely PA
drivers, beamforming circuitry etc. It
can be seen that at the lower end of
per PA output power (correspond-
ing to CMOS solutions), the num-
ber of array elements becomes very
large, exceeding 500 elements and
increasing implementation com-
plexity and cost. On the other hand,
at the higher end of per PA output

power (corresponding to GaN), the
number of array elements required
becomes quite small (as low as 32
elements). This drives up the overall
array power consumption, since the
N2 array gain is small, implying that
the EIRP is being achieved through
raw output power generation. RF
SOI CMOS sits in the “sweet spot”
of complexity versus DC power, as
the per PA output power achievable
results in manageable array sizes of
256 elements and low overall Tx ar-
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ray power consumption.

So, there are three general ar-
eas where each technology has its
strength. CMOS is best for very
large arrays, because it achieves
low cost when the power per am-
plifier is low. RF SOI occupies the
“middle ground” where cost, pow-
er efficiency and output power are
balanced, such as CPEs and urban
mobile infrastructure. GaN comes
into its own where the link is not
uplink limited like point-to-point
backhaul and at higher frequency
bands (260 GHz) where high power
per GaN amplifier can be leveraged
for smaller array but still maintain-
ing large point-to-point distance.
Because mmWave networks will
need to cover a wide variety of ter-
rain and capacity requirements, it is
clear that all three of these solutions
will have a place: CMOS phased
arrays are well suited for down link
with large number of access points
like in a stadium with large numbers
of beams and no need to penetrate
building walls or windows. GaN is
well suited to long-distance trans-
port network with wider beams and
less steering requirements. RF SOI
appears to be best for fixed-wireless
CPEs and mobile infrastructure in
urban environments.

DESIGN CHALLENGES FOR
RF SOl mmWAVE FRONT-END
MODULES

While RF SOI allows for superior
Tx and Rx performance, as well as
digital integration capability, there
is significant opportunity for inno-
vation in the circuit design as well
as the system architecture, both of
which are being actively pursued
by companies such as MixComm (in
partnership with GF in this case). On
the Tx side, circuit approaches that
extract best output power and effi-
ciency from stacked SOI CMOS PAs
while maintaining long-term reliabil-
ity are critical. Even more important
than peak efficiency is the average
efficiency under modulation, with
5G NR waveforms typically dictat-
ing ~8 dB of back-off from the 1 dB
compression point to achieve the
required 3 percent EVM on the Tx
side. In addition to the PA circuit
design, the overall front-end mod-
ule (FEM) architecture can also have
a significant impact on the average
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system efficiency, and careful sys-
tem architecture design and plan-
ning is critical.

Digital pre-distortion (DPD) may
be employed to extract even bet-
ter performance from the PAs, but
is complicated by the fact that there
will be both systematic and ran-
dom variations between the PAs of
a large-scale array due to process
and temperature variations, as well
as amplitude tapering in the beam-
forming. Therefore, new array DPD

algorithms and PA architectures that
are friendly to DPD will enable im-
proved Tx performance.

The use of DPD is possible for
massive MIMO arrays, but it must
be a “light” DPD algorithm that
consumes less DC power than is
saved in the PA. For very large ar-
rays with low power per PA path,
DPD may not be worthwhile, but
for small arrays, at higher RF power
levels, DPD may become an impor-
tant element. One strong possibility
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here is to have a DPD algorithm and
adaptation engine that is shared
among multiple RF paths, essential-
ly updating the DPD algorithm pe-
riodically instead of continuously to
save on cost and power devoted to
a single PA path. This approach sac-
rifices the level of linearization but
improves efficiency which is more
important.

Large-scale phased arrays are
subject to amplitude and phase
mismatches arising from process,
temperature and package inter-
face variations across the channels
of a single FEM chip, as well as
across chips. Built-in self-test and
calibration approaches that can
compensate for these mismatches
are important for the realization of
robust and accurate large-scale ar-
rays. Implementation of these tech-
niques allows for a self-aligning ar-
ray, which adapts to field conditions
and manufacturing variation to opti-
mize performance in the critical RF
front-end.

HOW RF SOI CAN ADDRESS
CARRIERS’' CHALLENGES

Transmitter output power is per-
haps the most fundamental metric
of a radio, and higher output power
can be used to improve virtually ev-
ery dimension of a mmWave link.
Higher output power increases
range, which translates to large
cell radius, and consequently fewer
base stations can be deployed, re-
ducing operator CAPEX. Alterna-
tively, for the same cell radius, it en-
ables higher rates at the cell edge,
improving quality of service. Higher
per PA output power can be used
by beamforming algorithms to en-
able “broad beams,” as opposed
to the conventional narrow “pencil
beams,” thus improving robustness
in highly mobile scenarios. Higher
per PA output power can also be
used to reduce BOM cost, as a
smaller array is needed to achieve
the same EIRP. A smaller array also
comes with natural beam broaden-
ing and associated robustness. Fig-
ure 4 compares the median CPE
uplink throughput rate of a baseline
bulk CMOS-based CPE array with a
DPD 45 nm RF SOl-based CPE array
with equal number of antennas. It
can be seen that the higher output
power per PA enables significantly
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superior link budgets, allowing a
2.7x increase in throughput rate.

WHAT’'S THE IMPACT OF
AN IMPROVEMENT IN THE
mmWAVE AMPLIFIER?

Three challenges will dictate the
success of mmWave for mobility:
network cost, thermal/power bud-
get and BOM cost. Our detailed
review of semiconductor fundamen-
tals illustrates that RF SOI brings ad-

vantages in all of these areas.

e Higher transmitter power has a
huge impact on the financial case
for the operators. Adding 3 dB
higher EIRP to a CPE can save
20 percent of the cost of network
deployment, by allowing base sta-
tions to be deployed farther apart,
and also providing higher spectral
efficiency. That's billions of dollars
of savings at the network level,
plus a bonus of higher capacity.

Made in the USA

I("OAXIScom

RF Cable Assemblies

1.85 mm
2.4 mm
2.92 mm

Introducing Whiplash™

High-frequency
No Strain Relief
Easy Handling

Build It, See It, Buy It online

+1(610) 222-0154

30

Content is copyright protected and provided for personal use only - not for reproducﬁwjghﬁ&aﬁq%lgﬁsio
For reprints please contact the Publisher. ’

CPE Uplink Throughput

2.7x ]

800
a 600
JED 400

=

0

Baseline Array MixComm Array
CMOS RFSOI

A Fig. 4 Comparison of median CPE
uplink throughput rates for a baseline bulk
CMOS-based CPE array and a MixComm
GF 45 nm RF-SOl-based CPE array.

e Almost all radios in the market
today are limited by their thermal
profile. Improvements to the PA
efficiency have a direct impact
on the real-world EIRP that is
achieved. RF SOl sits in a “sweet
spot” for thermal performance
compared with other technolo-
gies, allowing for tradeoffs of
power, linearity and efficiency
that far outperform the bulk
CMOS used in many CPEs today.

e RF SOl-based radios can achieve
high transmitter power without
using hundreds of array ele-
ments. The RF SOI process al-
lows for integration of the PA,
LNA, and up/downconverter,
keeping the BOM cost low and
the supply chain simple.

Overall, it's clear that weak power
in the uplink presents the biggest
problem to 5G operators today. Sim-
ply upgrading CPEs to use RF SOI
amplifiers can boost uplink EIRP by
3 dB or more, improving both cov-
erage and capacity of the network.
Other products such as gNodeB
arrays and handsets can also ben-
efit in similar ways. CMOS phased
arrays are best suited for down link
with large number of access points
like in a stadium with large numbers
of beams and no need to penetrate
building wall or windows and GaN
is well suited to long-distance trans-
port network with wider beams and
less steering requirements.ll
I
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OCTAVE BAND LOW NOISE AMPI.IFIER_S

Model No. reg (6Hz2)  Gain @) MIN  Noise Figure @8)  Power-out@Pid8  3rd Order ICP
CA0T1-2110 28 AX, 0.7 +10 MIN +20 dBm
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm
(A24-2111 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20 dBm
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CAO01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20 dBm
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20 dBm
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20 dBm
(A23-3116 2.7-29 29 0.7 MAX, 0.5 TYP +10 MIN +20 dBm
(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20 dBm
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20 dBm
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20 dBm
CA910-3110 9.0-10.6 5 1.4 MAX, 1.2 TYP +10 MIN +20 dBm
CA13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20 dBm
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm
(A34-6116 31315 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm
CA1415-7110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm
CA1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31 dBm
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fre(i (6Hz)  Gain (@8) MIN  Noise Flgu @)  Power-out@pidB  3rd Order ICP
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 + +20 dBm
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20 dBm
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20 dBm
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32 dBm
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40 dBm
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20 dBm
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33 dBm
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm
CA218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20 dBm
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30 dBm
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm
LIMITING AMPLIFIERS

Model No. Freq (GHz)  Input Dynamic Range Ourput Power Ru e Psat  Power Flatness dB
CLA24-4001 2.0-4.0 -28 10 +10 dBm +7 to +1 +
(CLA26-8001 2.0-6.0 -50 to +20 dBm +14 10 +1 8 dBm +/ 1.5 MAX
(LA712-5001  7.0-12.4  -21to+10 dBm +14 to +19 dBm +/- 1.5 MAX
(lA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (@) MIN _ Noise Figure @)  Power-out@P148 Gain Attenuation Range
CA001-251TA  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN
CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN
CA612-4110A 6.0-12.0 24 25 MAX, 1.5TYP  +12 MIN 15 dB MIN
CA1315-4110A  13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN
CA1518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20 dB MIN
LOW FREQUENCY AMPLIFIERS

Model No. Fregi (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@pids  3rd Order ICP
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20 dBm
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23 dBm
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33 dBm
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30 dBm
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35 dBm
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25 dBm
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Four Nations to Be Protected with Next-
Generation Radar

hrough partnerships with the U.S. Govern-

ment, Spain, Japan and Canada, Lockheed

Martin’s solid-state radar (SSR) technology
will provide front-line defense to nations around the
world with cutting-edge air and missile defense capa-
bilities. These nations are part of a growing SSR fam-
ily of 24 platforms, ushering in the next generation of
maritime and ground-based advanced radar technol-
ogy. The basis of SSR technology is the Long Range
Discrimination Radar (LRDR), which the Missile Defense
Agency (MDA) selected Lockheed Martin to devel-
op in 2015 with an on-track delivery set for 2020. In
2019, Lockheed Martin's SSR for Aegis Ashore Japan
was designated by the United States Government as
AN/SPY-7(\V)1.

SPY-7's core technology is derived from the LRDR
program, which has been declared Technical Readi-
ness Level 7 by the U.S. Government. The technolo-
gy consists of a scalable and modular gallium nitride
(GaN) based “subarray” radar building block, provid-
ing advanced performance and increased efficiency
and reliability to pace ever-evolving threats. As part
of its investment into the advancement of SSR, Lock-
heed Martin built a solid-state radar integration site to
conduct detailed testing to prove the maturity of the
system and reduce fielding risk. Scaled versions of the
LRDR site will be utilized for future radar programs in-
cluding Aegis Ashore Japan, Canadian Surface Com-
batant and MDA's Homeland Defense Radar in Hawaii.

Solid-state offers powerful capabilities to detect,
track and engage sophisticated air and missile threats,
including the very complicated task of discriminating—
or picking out-and countering lethal objects present in
enemy ballistic missiles. The Lockheed Martin SSR uses
state-of-the art hardware and an innovative software-
defined radar architecture to meet current requirements
while providing extensibility features to pace evolving
threats for decades to come. Its unique maintain-while-
operate capability
provides very high
operational  avail-
ability and enables
continuous  24/7
operation.

SSR is a multi-
mission system pro-
viding a wide range
of capabilities, from
passive situational
awareness to inte-
grated air and mis-
sile defense solu-

LRDR (Source: Lockheed Martin)

For More
Information
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tions. Its combined capability and mission flexibility has
gained the attention of new and current users of the Ae-
gis Weapon System, the world's premier air and missile
defense combat suite.

While LRDR is the first program to use Lockheed Mar-
tin's new SSR building blocks, over the past three years
Lockheed Martin has been selected in open competi-
tions to equip an additional 24 platforms in four nations.
SPY-7 provides several times the performance of tradi-
tional SPY-1 radars and the ability to engage multiple tar-
gets simultaneously with the latest proven interceptors.

Spain’s Ministry of Defense stated its preference for
Lockheed Martin’s technology for its five F-110 class frig-
ates in 2017 and awarded the ship construction order to
Navantia in 2019. These ships will host the first-ever S-
Band variants of the SPY-7 radar for the Spanish Navy.
Production will be a collaboration between Lockheed
Martin and Spanish company, Indra. When the frigates
deploy in 2026 the SPY-7 variant will be integrated as
part of the Aegis Weapon System. The frigates will also
incorporate the International Aegis Fire Control Loop
(IAFCL) integrated with SCOMBA, the national combat
system developed by Navantia.

Canada’s Department of National Defence also se-
lected Lockheed Martin as the naval radar provider
for its 15 Canadian Surface Combatant (CSC) ships.
Lockheed Martin's IAFCL is integrated with Canada’s
combat management system, CMS 330, developed by
Lockheed Martin Canada for the Royal Canadian Navy's
HALIFAX Class ships. The program will make Canada
the owner of the world’s second largest Aegis fleet, and
the SPY-7 radar variant will enable CSC to conduct high-
ly advanced maritime missions for decades to come.

Including LRDR, the 24 Lockheed Martin SSR plat-
forms selected to date represent a total of 91 antennas
of varying sizes, collectively composed of over 15,000
subarrays. On LRDR alone, Lockheed Martin has pro-
duced an equivalent of eight Aegis shipsets to date. The
U.S. Government's LRDR has a planned service life for
decades to come and will be supported and maintained
throughout that period. This ensures the U.S. and its al-
lies will have a large and stable base of cost-effective lo-
gistics and support for many years in the future.

Advanced Space Radio Monitoring System
Assures Satellite Spectrum

ratos Defense & Security Solutions, Inc. re-
cently announced that it was awarded an
$11.5 million contract to build an advanced
space radio monitoring system for a government cus-
tomer. The system will incorporate Kratos technologies
and integrated products to help the U.S. regulate and
protect the satellite spectrum. As part of the multi-mil-
lion dollar project, Kratos is responsible for the turnkey

Visit mwjournal.com for more defense news.
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design, installation and integration of the advanced
space radio monitoring system including the core satel-
lite technology and associated hardware and software.
The system includes a fixed site and mobile unit to
monitor satellite downlinks. The scope of work includes
Kratos antennas, a satellite monitoring and geoloca-
tion solution and an unmanned aerial vehicle spectrum
analysis solution.

Kratos will deploy GeoMon, a specific application for
frequency regulators to implement ITU missions, as well
as the Monics® carrier monitoring, satID® geolocation,
Compass® network Monitor & Control and Skyminer
ground system data analytics products integrated with
the Kratos-designed antennas/RF system to provide an
end-to-end management solution. Skyminer will en-
able the operators to collect performance data across
ground systems and use business intelligence to ana-
lyze satellite measurements from both regulatory and
technical perspectives.

First Lower Tier Air & Missile Defense
Sensor Radar Antenna
aytheon Company finished building the first

radar antenna array for the U.S. Army’s Lower
Tier Air and Missile Defense Sensor (LTAMDS).

Raytheon com-
pleted the work
less than 120 days
after the U.S. Army
selected Raytheon
to build LTAMDS, a
next-generation ra-
- dar that will defeat
LTAMDS (Source: Raytheon Company) advanced threats

like hypersonic
weapons. The sensor is a simultaneous 360-degree, ac-
tive electronically scanned array radar powered by the
company’s gallium nitride circuits.

The newly built primary array, similar in size to the
Patriot™ radar array, will provide more than twice its
performance. Following extensive testing, the radar ar-
ray will be mounted on a precision-machined enclosure
for integration and further evaluation. The enclosure
uses advanced design and manufacturing techniques
for accelerated manufacture to support the U.S. Army’s
Urgent Materiel Release program.

Raytheon is working closely with hundreds of sup-
pliers across 42 states, including a core team playing a
strategic role in building the LTAMDS solution. The core
team includes Crane Aerospace & Electronics, Cum-
mings Aerospace, IERUS Technologies, Kord Technolo-
gies, Mercury Systems and nlLogic.
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5G Available in 378 Cities Globally

iavi Solutions Inc. recently revealed new in-

dustry data demonstrating a rapid surge in

the spread of 5G technology. As of January
2020, commercial 5G networks have been deployed
in 378 cities across 34 countries, according to the new
VIAVI report “The State of 5G Deployments,” now in its
fourth year.

The country with the most cities with 5G availability
is South Korea with 85 cities, followed by China with 57,
the United States at 50 and the U.K. with 31. In terms of
regional coverage, Europe, the Middle East and Africa
lead the way with 168 cities where 5G networks have
been deployed. Asia is second with 156 cities followed
by 5G across the Americas with 54 cities covered. De-
ployments include both mobile and fixed wireless 5G
networks.

As the battle for 5G supremacy heats up, VIAVI find-
ings indicate that several operators are blanketing the
largest population centers, with as many as five com-
munications service providers deploying 5G in cities
such as Los Angeles and New York.

“For 5G operators there is a heady mixture of opti-
mism and fear,” said VIAVI's Chief Technology Officer
Sameh Yamany. “The optimism is related to a plethora
of new commercial applications that could change op-
erator economics for the better, even though they may
not feel the commercial impact for some time. The im-
mediate fear is that they will get left behind in the short-
term marketing battle by rival operators if they're not
fast enough in their landgrab.”

Yamany continued, “Nonetheless, very quickly, the
overarching driver will change from simply having 5G
network availability to having the best 5G networks.
Even as operators continue their 5G build-out, they
must simultaneously shift gears from network validation
and verification to advanced analytics and automated
network troubleshooting. The race for the best 5G net-
work has only just begun.”

The data was compiled from pubilicly available sourc-
es for information purposes only, as part of the VIAVI
practice of tracking trends. The “State of 5G Deploy-
ments” serves as a companion document to the “VIAVI
Gigabit Monitor,” a visual database of gigabit internet
deployments worldwide.

LTE Drives Short-Term Opportunity for
Cooperative Mobility
ooperative mobility is set to be propelled by
the mass adoption of Long-Term Evolution

(LTE) vehicle connections and investment
in roadside infrastructure connectivity. Shipments of

For More
Information
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vehicles that can communicate with LTE networks and
road traffic agents will reach 62 million by the end of
2020 and over 97 million in 2024, according to a new
market data report from ABI Research. Most of these
shipments, 98 percent in 2020, will be led by vehicles
that can share and receive messages about the vehicle
status and the existence of dangerous situations via a
traditional cellular network connection (V2N).

V2N LTE communication is widely available and
well suited to non-mission-critical applications. Here,
use cases such as Green Light Optimal Speed Advi-
sory (GLOSA) and Intersection Collision Warning can
add value to safety and traffic efficiency, reducing the
number of road incidents. “V2N offers the greatest
opportunity in the next four years, with 60.8 million
shipments in 2020 rising to 76.6 million in 2024. This
represents an immediate monetization opportunity
for players, yet not many OEMs offer V2N services to
drivers,” said Research Analyst at ABI Research, Maite
Bezerra.

The main obstacle to V2N implementation is the
uncertainty surrounding the business model. Coupled
with a scarcity of infrastructure, OEMs lack experience
in software development.

Although, a notable use case comes from Audi. Audi
has implemented network-based GLOSA at nearly
5,000 connected intersections in the U.S. since 2017,
and the service is now available in Ingolstadt and Dus-
seldorf, the latter committing to connect 75 percent of
its traffic lights by September 2020. According to pre-
liminary studies, the application can reduce fuel con-
sumption by 15 percent.

Due to a lack of experience and skills in develop-
ing applications, OEMs offer expensive and unintuitive
V2N services with a slow time-to-market. Drivers will not
subscribe to expensive services that do not add value,
especially while apps such as Waze offer map updates
and hazardous location notifications for free.

Vehicles able to communicate to other vehicles and
traffic agents directly (V2X), will see minor deployment
in 2020, but will then gather pace in 2021, reaching
nearly 4 million shipments. V2X communication will al-
low nearby traffic agents to directly exchange messages
about detected objects, so vehicles are made aware of
objects outside their line-of-sight. V2X enables a range
of advanced safety applications. Where vehicles com-
municate with one another, for example, the National
Highway Traffic Safety Administration estimates that
traffic accidents can be reduced by 13 percent. How-
ever, predominantly as a short-range technology, V2X
requires high market adoption to reach full potential,
which will take several years.

Vehicle communication using 5G will allow the intro-
duction of autonomous vehicles (level 3 and 4) and ser-
vices including cooperative perception and sensor data
sharing. However, these use cases will only be feasible

Visit mwjournal.com for more commercial market news.
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in the long term, requiring considerable infrastructure
development. Vehicles able to communicate to cellular
networks and directly to other devices via 5G will not
emerge as a force until 2027, when shipments will hit
16.3 million.

Microwave Electron Tube Market Once
Again at Over US$1 Billion

hile microwave and mmWave high-power

vacuum electron devices (VEDs) main “be-

low the radar” of many industry observers,
the total available market for this segment is once again
over U.S.$1 billion, as it has been for the last several
years, according to a new market data report from ABI
Research.

"Despite its size, and although these tubes remain
essential elements in specialized military, scientific/
medical and space communications applications, this
market is generally under-reported by the electronics
industry at large and poorly understood by those not
directly involved in it,” explained Research Director
Lance Wilson at ABI Research.

Essentially, this continues as a stable industry af-
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ter several rounds of
consolidation in the
past decade. There is
some potential for fur-
ther consolidation; but
there are no signs that
more is yet to come.
"However, one new RF
semiconductor  tech-
nology, gallium nitride,
will soon change the
competitive landscape.
While it is not yet near monopolizing the microwave
RF power industry, GaN is advancing steadily and is
a technology that should be closely watched, as it
will be a threat to some aspects of the lower-power
microwave and mmWave VED marketplace,” Wilson
stated.

The size of this historic market continues to surprise
everyone and its longevity and firm resistance to RF
power semiconductor encroachment is equally surpris-
ing. However, that will be changing to some degree as
GaN devices move up in frequency and power. Despite
all this, microwave and mmWave VEDs are showing
some growth, in part being driven by larger and more
stable defense spending in the U.S.
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Aroundthe Circuit
Barbara Walsh, Multimedia Staff Editor

IN MEMORIAM

It is with great sadness that we re-
port that Professor Roberto Sor-
rentino died on Tuesday, March
3, 2020. Roberto Sorrentino was
an electronics engineer who had £
a distinguished career in the field
on microwave and mmWave Cir- o Roberto Sorrentino
cuits and antennas. He received in

recent years the |IEEE Microwave Career Award, the
EuMA Distinguished Service Award and the Order of
Merit of the Italian Republic. In 2007 he founded RF
Microtech srl, a successful spin-off company from the
University of Perugia specializing in microwave and
RF technologies. This Umbrian company became a
leader in the field of antenna design and satellite
communication systems, employing 25 people. He
was the author of more than 150 technical papers in
international journals and 200 refereed conference
papers and he wrote and edited several books for
John Wiley and McGraw-Hill.

MERGERS & ACQUISITIONS

Qorvo® announced that it has completed its acquisi-
tion of Custom MMIC, a supplier of high-performance
GaAs and GaN MMICs for defense, aerospace and
commercial applications. As part of Qorvo’s Infrastruc-
ture and Defense Products (IDP) business, the Custom
MMIC team will continue to expand its mmWave capa-
bilities for products used in defense phased array and
AESA radars, electronic warfare, satellite communica-
tions, wireless backhaul and microwave test equipment.
Chelmsford, Mass.-based Custom MMIC was founded
in 2006 and has extensive experience developing
MMICs at frequencies up to 70 GHz.

Strand Marketing announced that they recently com-
pleted a merger agreement with fellow Boston area
digital marketing agency, Nowspeed. The merger
brings their expert creative and web design and devel-
opment skills to Nowspeed clients, and stronger SEO,
digital advertising and social media marketing capabili-
ties to Strand clients. The combined agency will keep
the Nowspeed name and operate from Nowspeed’s
Westborough, Mass. headquarters. Strand CEO/Brand
Director, David Strand joined the Nowspeed leadership
team as Brand Director and will be delivering brand
strategy and advanced creative solutions to all Now-
speed clients. Joining him is Creative Director David
Bush, Web Developer Brad Emerson and Director of
Client Services Lori Fairbrother.

For More
Information
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Mega Industries and Ferrite Microwave Technologies
(FMT) announced the closing of the merger of the two
companies, now operating under a new holding com-
pany called Microwave Techniques. Deal terms were
not announced. The new company includes the Micro
Communications (MCI) and FXR Microwave dummy
load product lines previously acquired by Mega Indus-
tries. The combination of Mega, FMT, MCI and the FXR
Microwave dummy load product lines creates a global
leader in high-power microwave systems and compo-
nents, according to the companies, offering customers
a single source to support demanding high-power mi-
crowave needs.

STMicroelectronics (ST) announced it has signed an
agreement to acquire a majority stake in French GaN in-
novator Exagan. Exagan’s expertise in epitaxy, product
development and application know-how will broaden and
accelerate ST's power GaN roadmap and business for au-
tomotive, industrial and consumer applications. Exagan
will continue to execute its product roadmap and will be
supported by ST in the deployment of its products.

COLLABORATIONS

Keysight Technologies Inc., with Riscure, a recognized
vendor of security tools, services and training for con-
nected devices, announced a collaboration to advance
the development of secure and resilient 5G networks,
devices and services. An integrated ecosystem will pro-
gressively rely on sophisticated security test solutions to
safeguard operational activities and protect data shared
between businesses, government organizations and
consumers.

Rohde & Schwarz and Gemalto, a Thales company, are
working on significantly reducing expensive and time-
consuming drive tests. loT protocol stack features have
been specified by 3GPP, but loT devices have to inter-
act with different network configurations worldwide.
This makes it important to ensure that these features are
working well in all sorts of configurations, configured by
different network operators. Thanks to the current co-
operation, manufacturers of loT solutions can use virtual
drive tests during the development phase of CAT M1
and NB loT modules to find and fix problems at an ear-
lier stage. This also enables seamless cellular coverage
and reliable connectivity before the integration process
continues and further field tests are performed.

As part of a strategic investment program, TMD Tech-
nologies Ltd. (TMD), West London-based manufactur-
er of advanced equipment for the microwave industry,
has taken a share in Diamond Microwave Ltd. (DML), a
specialist in high-power solid-state microwave amplifier
products utilizing GaN and GaAs technology. Diamond
Microwave has been a pioneer in the development and
manufacture of advanced compact GaN-based micro-
wave high-power solid-state power amplifiers (SSPA) for
the radar, electronic warfare (EW), communications and
aerospace sectors. DMLs chip and wire GaN technol-

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

ogy is particularly suited to these demanding applica-
tions, where their power-to-volume performance is a
leading-edge capability differentiator.

Modelithics welcomes Vishay Intertechnology, one
of the world’s largest manufacturers of discrete semi-
conductors and passive electronic components, into
the Modelithics Vendor Partner (MVP) Program at the
Sponsoring level. As a Sponsoring MVP, Vishay is sup-
porting RF and microwave designers by sponsoring free
extended 90-day trials (with approval) of all Modelith-
ics models available for Vishay components, as well as
collaborating with Modelithics to develop new design
data and models for selected components. In addition
to becoming a Sponsoring MVP, Vishay and Modelith-
ics are collaborating to develop three new Microwave
Global Models™ for Vishay's CH02016F, CHO402F and
CHO603F resistors.

Nokia and Marvell announced that they are working to-
gether to develop leading 5G multi-radio access tech-
nology silicon innovations, including multiple genera-
tions of custom silicon and infrastructure processors to
further expand the range of Nokia ReefShark chipsets
available for 5G solutions.

Rakuten and Vodafone are now the leading investors
in a venture to extend mobile coverage to more people

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.

and devices around the planet, using the first satellite-
based mobile broadband network. SpaceMobile, a low
Earth orbit (LEO) satellite network from AST & Science,
will be the first to connect directly to standard smart-
phones. The SpaceMobile network will enable seamless
roaming to and from terrestrial cellular networks at com-
parable data rates without specialized satellite hard-
ware. The LEO constellation will provide a low latency
link between the satellite and phone. AST & Science
successfully tested its SpaceMobile technology aboard
the BlueWalker 1 satellite, which was launched in April
2019, and has been validating the technology following
that initial flight. The company has an extensive patent
and IP portfolio for its ground and space technologies.

Marvell and Analog Devices Inc (ADI) have announced
a technology collaboration leveraging Marvell's 5G digi-
tal platform and ADI's wideband RF transceiver tech-
nologies to deliver optimized solutions for 5G base sta-
tions. The companies will offer fully-integrated 5G digital
front-end (DFE) ASICs with tightly-coupled RF transceiv-
ers and will collaborate on next-generation radio solu-
tions, including baseband and RF technology optimized
for a diverse set of functional splits and architectures.
The increased complexity of 5G radios is driven by mas-
sive MIMO and mmWave operation challenges, RF and
radio network designs. Optimized partitioning of the RF
and mixed signal circuit functions, with both digital ASIC
and baseband silicon, is necessary to achieve the low
power, small size and low cost requirements of 5G.

SUPPLYING HIGH-PERFORMANCE PASSIVE
RF & MICROWAVE COMPONENTS SINCE 1988

_—

M WAVE DESIGN CORPORATIO

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.
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loss. With available options of; high power
terminations, multiple interface flanges,
miniature versions, and integrated Forward
and Reverse power monitoring.
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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

R}]%]S{]&%afggﬁs-l%m[, 2020



SE\%IE:(I)Eg 'SUBSVSTEMS

AHEAD OF WHAT’S POSSIBLE™

Accelerating
Time from
Concept to Product

More competitors. More demands.

More rapidly emerging threats.

Analog Devices has a depth of industry
and technical expertise that is unmatched.
Together with an unrivaled portfolio of RF
and microwave solutions, you can now
reduce the prototype phase of design by
months and get to market faster than you
ever thought possible.

Get to market faster at analog.com/ADEF

Content is copyright protected and provided for personal use only L
For reprints please contact t



Aroundthe Circuit

Gapwaves announced a collaboration with Uhnder
to develop a high resolution radar for a last mile au-
tonomous delivery vehicle. Gapwaves has developed a
novel waveguide antenna technology for mmWave appli-
cations such as automotive radar and 5G telecom. Its gap
waveguide technology achieves the low loss of wave-
guide and is compatible with high volume, cost-effective
manufacturing. For automotive radar applications, its an-
tenna provides a wide field of view and high isolation.

NEW STARTS

TowerJazz, the global specialty foundry leader, an-
nounced the launch of a new brand identity to reflect
the company’s global presence and strength, and high-
light its focus to provide the highest value analog semi-
conductor solutions. The company brand name will be
Tower Semiconductor and will include all of the compa-
ny's worldwide subsidiaries. The new website address
will be www.towersemi.com.

ACHIEVEMENTS

Triad RF Systems, a designer and manufacturer of inte-
grated radio systems and high-performance RF/micro-
wave amplifiers, announced that they recently received
their certificate of Aerospace Standard 9100D regjistra-
tion from Dekra Certification, Inc. for its manufacturing
facilities located in East Brunswick, N.J.

CONTRACTS

Leonardo DRS Inc. announced that it has been award-
ed a contract worth up to $808 million to provide a
suite of electronic products to link C5ISR equipment to
combat vehicles across the armed services and to sat-
isfy interconnection requirements for federal agencies.
Under the indefinite delivery/indefinite quantity In-
terconnection Equipment Contract from the Defense
Logistics Agency Land, Aberdeen Proving Ground,
MD, Leonardo DRS would deliver wiring harnesses,
installation kits, cable assembilies, cabling, connectors
and services. The products will be delivered to the De-
partment of Defense and other federal agencies in the
U.S. government.

Comtech Telecommunications Corp. announced that
during its second quarter of fiscal 2020, its Santa Clara,
Calif.-based subsidiary, Comtech Xicom Technology,
Inc., which is part of Comtech’s Commercial Solutions
segment, received a contract valued at more than $8.8
million for Ka-Band solid state amplifiers to be used in an
In-Flight Connectivity SATCOM application.

PEOPLE

Anritsu Co. announced the appointment of Robert
Johnson as vice president and general manager for An-
ritsu Americas Sales Company (AASC). In his new posi-
tion, Johnson will oversee all AASC operations and po-
sition the company as the preeminent test and measure-
ment innovator serving the 5G ecosystem, as well as loT,
cellular, military/aerospace and public safety. Prior to

COST-EFFECTIVE
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Standard 9 to 51 pin configurations available
or let us design to your custom requirements

SPECIAL HERMETIC PRODUCTS, INC.
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Aroundthe Circuit

being named vice president and gen-
eral manager, Johnson served as as-
sistant general manager for AASC. He
will use his 25+ years of experience
in mobile technology, operations,
sales management and marketing to
lead Anritsu into a new era in which
emerging communication technolo-
gies will be integrated into a variety
of industries.

A Robert Johnson

Kymeta announced the appointment
of David Geiling as vice president of
sales, Asia Pacific, a move that will in-
crease the availability of Kymeta solu-
tions across multiple markets in the
region. In this role, Mr. Geiling will be
responsible for all direct sales and re-
seller management for Asia Pacific,
including India. He will also be tasked
with growing strategic customer ac-
counts and partner relationships for Asia that enhance
Kymeta’s core business objectives. Geiling joins a team
of seasoned sales professionals at Kymeta.

A David Geiling

Raytheon Co.’s Mark Russell, vice president of Engi-
neering, Technology and Mission Assurance, has been
elected to the National Academy of Engineering (NAE).

NAE members honor those who have
made outstanding contributions to
engineering research, practice or edu-
cation, including “the pioneering of
new and developing fields of technol-
ogy, making major advancements in
traditional fields of engineering, or
developing/implementing innovative
A Mark Russell @PProaches to engineering educa-
tion.” Russell was selected for his lead-
ership in developing radar systems that enhanced na-
tional security and safety.

Thomas L. Marzetta, director of NYU
WIRELESS and a distinguished indus-
try professor of electrical and com-
puter engineering at the NYU Tandon
School of Engineering was elected to
the NAE. The Academy specifically
cited Marzetta’s contributions to
MIMO antenna arrays in wireless com-
munications.

A Thomas L. Marzetta

Dr. Jaume Anguera was named IEEE
Fellow for his contributions to small
and multi-band antennas for wireless
telecommunication  devices. The
most salient contribution of Anguera,
recently named FRACTUS ANTEN-
NAS’ CTO, is Virtual Antenna™ tech-
nology where he is the lead inventor
together with his peer colleagues Dr.

A Dr. Jaume
Anguera

Wide range of high-spec, 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
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XGL Family power inductors feature the industry’s lowest DC resistance
and extremely low AC losses for a wide range of DC-DC converters

Coilcraft XGL4020 Series molded power
inductors are available in 14 inductance
values from 0.11 to 8.2 pH, with current
ratings up to 29 Amps. With up to 45%
lower DCR than previous-generation prod-
ucts, they are the most efficient power
inductors available today!

Their ultra-low DCR and higher I, also
allow XGL4020 inductors to operate much

cooler than other components.

XGL4020 Series inductors are qualified
to AEC-Q200 Grade 1 (with a maximum
part temperature of 165°C) and have no
thermal aging issues, making them ideal
for automotive and other harsh environ-
ment applications.

Download the datasheet and request free
samples at www.coilcraft.com.
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Aurora Andujar and Dr. Carles Puente at NN. The range
of MXTEND™ products based on the Virtual Antenna™
technology, created by Jaume Anguera and his col-
leagues, enables full functional multi-band wireless con-
nectivity to smartphones and loT devices through min-
iature and off-the-shelf antenna boosters that replace
traditional customized antennas.

REP APPOINTMENTS

Milliwave Silicon Solutions Inc. announced that it en-
tered a representation agreement with Beacon Techni-
cal Sales for its MilliBox product line in the Eastern half
of the U.S. MilliBox is the first affordable, compact and
modular OTA radiation pattern test tool designed by
and for mmWave engineers.

Mini-Circuits announced a new distribution agree-
ment with Mouser Electronics Inc., a semiconduc-
tor and electronic component distributor. The agree-
ment makes Mouser the first authorized distributor of
the Mini-Circuits product line in the U.S. Mouser now
stocks over 1,000 Mini-Circuits RF products. The com-
pany’s LFCG series LTCC low-pass filters are available
with passband frequencies spanning DC to 6100 MHz
and rejection up to 50 dB. The tiny 0805 filters feature
rugged, ceramic construction, making them well-suited
for tough environments such as high humidity and tem-
perature extremes.

Richardson RFPD, an Arrow Electronics company, an-
nounced that it has entered into a global franchise
agreement with SDP Telecom/Molex. SDP Telecom/
Molex designs and manufacturers RF and microwave
solutions for the wireless communications industry. SDP
Telecom was founded 1995 and acquired by Molex in
2015. SDP Telecom/Molex is headquartered in Mon-
treal, Canada, and also has manufacturing facilities in
Suzhou, China. The global agreement between Rich-
ardson RFPD and SDP Telecom/Molex includes the
complete standard product portfolio of circulators and
isolators for wireless infrastructure applications from
600 MHz to over 6 GHz, including a 28 GHz circulator
that is currently available for sampling. Customization is
also available.

PLACES

Anokiwave Inc. announced the expansion of its San Di-
ego operations to a new facility that will triple its floor
space and lab capabilities to meet its growing needs.
The location will increase the capabilities of its design
center by providing state-of-the-art mmWave labora-
tory for all mmWave active antenna and IC design and
test, and room to double its local workforce. The move
to Sorrento Towers South, in San Diego’s tech hub Sor-
rento Mesa, was completed in early February 2020. This
expansion is driven by Anokiwave’s rapid growth in re-
cent years, during which the company has emerged as
an innovative leader in technologies critical to 5G and
other advanced wireless communications markets.
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The Maximally Efficient
Amplifier

Gareth Lloyd
Rohde & Schwarz, Munich, Germany

he energy efficiency of an RF front-
end (RFFE) is a vital characteristic,
whether a radio is battery or mains
powered. For battery powered, re-
ducing the maximum current drawn from the
battery increases the time between charges.
For mains powered, important properties
such as size, weight and power are dictated
by the RFFE efficiency. Consequently, many
amplifier architectures and inventions have
been developed to minimize wasted energy
in the transmitter. Although improving effi-
ciency, some of these rely on theoretically

&=
c
]
T
<

XA

Lowpass
Filter

impossible modes of opera-
tion, and some fail to fully use
the device’s capabilities.

(Va, ia) 1

Highpass Zload
Filter

<

Bandpass This article provides some
Filter analysis of and insight into
=X amplifier efficiency. First, the
N tuned amplifier concept and

efficiency enhancing mecha-
nisms are explained. Then, the
effects of each mechanism on
amplifier efficiency are illus-

A Fig. 1 Simplified schematic of a
tuned amplifier, class A to C.
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trated, revealing some surpris-
es. The better known methods

Content is copyright protected and provided for personal use only - not for reproductli\%rb })r IeLe nscr:rgl\siion
For reprints please contact the Publisher.

for improving amplifier efficiency are clas-
sified by their mechanisms—also noting
the mechanisms not used—and identifying
areas for improvement. Finally, the article
shows that harmonic load-pull measure-
ments on a device highlight its potential; us-
ing such measurement data with a look-up
table, for example, amplifier performance in
a variety of schemes can be predicted.

THE TUNED AMPLIFIER

A tuned amplifier circuit can be used to
describe the continuum of amplifier class
characteristics from A to C, via AB and B,
based on sinusoidal voltage waveforms and
quasi-linear operation. A more detailed ex-
planation is provided in Chapter 3 of Cripps’
book.” A simplified model of the power
amplifier built around a controlled current
source is shown in Figure 1. The model can
be simplified into three frequency domains:
e DC current flows through the lowpass fil-

ter and the controlled current source (i.e.,

the device). Its progress elsewhere in the

circuit is blocked by the bandpass and
highpass filters.
m APRIL 2020
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* Atthe fundamental frequency, the
signal current through the device
passes solely to the intended load
impedance (Z;,,4). creating a volt-
age across the device and load.

e Harmonic  currents  flowing
through the device are short
circuited through the highpass
filter, as any harmonic currents
flowing in the device “see” zero
impedance and do not create
any voltage.

The voltage across the device
comprises only DC and fundamental

components and is sinusoidal. Pow-
er is dissipated by the device when
a current (iy) flows through it with a
voltage (vg) across it and where the
current and voltage overlap during
the waveform cycle. For a class A
amplifier, the simplest case, Figure 2
shows the power dissipation versus
time at three power levels. As the
output power reduces, the power
dissipated waveform tends to a con-
stant value. At higher output power,
the dissipated power reduces. The
power consumption is constant in all

cases, and the pow-
1/ 2\
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er dissipated is the
L\

e

0 : 0 :
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A Fig. 3 Efficiency enhancement mechanisms compared to a class B waveform at 6 dB
back-off (a), waveform engineering (b), supply modulation (c) and load modulation (d).
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the mechanisms for reducing the
wasted power in a tuned amplifier.
These mechanisms relate only to the
device itself, not to external modu-
lating circuitry such as harmonic
terminations or modulators. Three
base mechanisms can enhance the
efficiency of a single-ended ampli-
fier: waveform engineering, supply
modulation and load modulation.

Waveform  Engineering—The
shape of the voltage and/or current
waveform is modified, which is what
happens when passing through the
class A to C continuum. Harmonic
content is introduced into the cur
rent, modifying its waveform, in a
predictable but restricted way.! Al-
ternatively, the ratio of the current’s
harmonic content may be modified
by injecting harmonics from either
the input side or output side. For the
current’s harmonic content to affect
the voltage waveform, a non-zero im-
pedance must be present at that har-
monic frequency. In the limiting case,
both current and voltage waveforms
are square waves and antiphase. As
one of them is zero at any instant in
time, the power dissipation is zero.
This zero dissipation applies at least
to the device, but it could just be
shifted elsewhere in the system.

Supply Modulation—The aver-
age or envelope supply voltage
across the device, Vg0, is modi-
fied. With a perfect device, Voo,
is the root-mean-square value of the
voltage waveform, set so the mini-
mum value of vd reaches zero.

Load Modulation—The Z,_ .4
presented to the device at the fun-
damental frequency is modified,
ideally so the voltage (vd) swings
from O to 2 times the supply.

Figure 3 illustrates these mecha-
nisms using a class B waveform as
the reference. The class B current
waveform is half sinusoidal, com-
pared to fully sinusoidal for class
A operation. The fundamental cur-
rent is equal in both classes A and
B when the peak-to-peak current
variation is equal. The reason for us-
ing a class B waveform as the base-
line is because the efficiency can
be enhanced by all three methods.
Class A, on the other hand, cannot
be improved with load modulation
alone: class A power consumption
remains constant regardless of the
load impedance.

m APRIL 2020
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A Fig. 4 Class A amplifier efficiency at 6 dB back-off (a) enhanced by waveform
engineering (b), supply modulation (c), load modulation (d) and an unexpected
improvement using a counter-intuitive hybrid (e).

TABLE 1

APPROACHES TO INCREASE CLASS A
AMPLIFIER EFFICIENCY

Configuration

Class A Baseline

% Efficiency at 6 dB Back-Off
(25% of Rated Power)

waveform engi-
neered to add the
required harmon-
ics? For example, it
might be operating
close to its upper
frequency limit and

Waveform Engineered
(Equivalent to Class B)

Supply Modulation

Load Modulation

Anti-Load & Supply Modulation

125 cannot support the
harmonic currents.
39.3 .
Supply modulation
25.0 in Fig. 4(c) could
be used, although
123 combining it with
50.0 load  modulation
would be coun-

Class A Case Study

One of the goals of this article
is to illustrate efficiency enhance-
ment mechanisms so they can be
used optimally. The class A case is
not a lost cause. Figure 4 shows the
voltage, current and dissipation for
a class A amplifier, illustrating that
waveform engineering and supply
modulation enhance efficiency, but
load modulation does not. Wave-
form engineering can convert the
class A sinusoidal current into the
class B case of the half sinusoid
in Fig. 4(b). Referring to Figure 3,
class B efficiency could now be en-
hanced with load modulation.

What if the device could not be
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terproductive. Load modulation in-
creases the peak-to-peak voltage,
decreasing the range where sup-
ply modulation could be deployed.
Turning the problem around, if load
modulation degrades the effective-
ness of supply modulation, what if
“unload” modulation were applied?
Instead of maximizing the load im-
pedance to maximize peak-to-peak
voltage, minimize the load imped-
ance to minimize the peak-to-peak
voltage and then use supply modu-
lation. This is the case shown in Fig-
ure 4(e), the "anti-load modulation +
supply modulation” case. The peak-
to-peak values of current and voltage
have been completely reversed from
the load modulation case, and sup-
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Load
Modulation

Waveform
Engineering

Supply
Modulation

Envelope
Tracking (ET)

A Fig. 5 Efficiency enhancement mechanisms, their hybrids and possible areas for

further improvement.

A Fig. 6 Maury load-pull test system
using the R&S®ZNA VNA.

ply modulation has been applied—
achieving a quite unexpected result:
the efficiency at the output power
back-off of the class A amplifier has
been maintained at the theoretical
maximum of 50 percent.

The respective efficiencies of the
five scenarios of Figure 4 are sum-
marized in Table 1. Note that the
waveforms all have the same output
power.

POPULAR APPROACHES

Having classified various en-
hancement mechanisms and dis-
cussed their effects on theoretical
amplifier blocks, including advan-
tageous effects from hybrid ap-
proaches, the discussion moves
from theory to practice, classifying
the popular enhancement methods
according to the mechanisms they
use (see Figure 5). Using a Venn
diagram for classification helps
identify where additional schemes
are complementary and may further
improve efficiency.

For example, the Doherty ampli-
fier, which applies load modulation
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to its constituent amplifiers, can be
improved by adding supply modu-
lation, especially to the main chan-
nel, and/or waveform engineering,
by modifying the design to incor-
porate class F! operation, for ex-
ample.

Harmonic Load-Pull

Abottleneck is getting real world,
practical devices to use the theoreti-
cal enhancements. For example, a
typical GaN device may be sensitive
to efficiency enhancement by load
modulation over a 5-10:1 imped-
ance range. However, when used as
the main device in a Doherty archi-
tecture, it is typically exploited only
over a 2-3:1 range. The Doherty
scheme will fail to maximize the po-
tential performance of the device.

Harmonic load-pull  measure-
ments over a range of bias condi-
tions make it possible to establish
the maximum performance enve-
lope for the device technology.
Load-pull data can be obtained us-
ing various setups, such as Maury
Microwave's harmonic load-pull
test bench with an R&S ZNA vector
network analyzer (see Figure 6). By
comparing harmonic load-pull mea-
surement data with the theoretical
performance of a selected high ef-
ficiency technique, the performance
gap can be quantified, answering
the question of the difference be-
tween what has been built and the
performance limit. Alternatively,
if the device is assumed to be the
bottleneck, the harmonic load-
pull measurement data enables a
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X - BAND HP LIMITERS

scheme to be de-
sioned to maxi- Perform Harmonic Load-Pull Create Database of Architectures
mgiz e its pote ntial (Efficiency Pout) = f(Vsupply, Zro, Zn) (Zt0, Zsn, Vsupply) = f(Pout)

I

8-12 GHz, 100 Watt CW,

1 KW Peak using the optimal

h 9 P Add to Device Database Add to Architecture Database
enhancement ' t
mechanisms in the
correct propor— Use Lookup Table to Extract Device Performances in Different
tions Architectures (Doherty, Outphasing, Class F, ET)

Thus there are
several ways to Compare Opportunity vs. Cost. Select Device and Application
use the data from ‘
a rigorous and re- Implement

peatable setup for
measuring load- A Fig. 7 Process flow to achieve the best device-architecture
pull. One is to cre- pairing.

ate  characteriza-

. . 90
tion and architec-
tural databases for 80
cross—referencing
. High power protection 100W CW device performance 70
and 1 KW peak (1 microsec pulse with various cir- R 60
width) . . <
. Very low leakage level (+10 dBm typ.) cuit - architectures g>‘
. Low insertion loss and VSWR. and enhancement & S0
. Ideal for Radar Application methods: Doherty, 3:9 -
. Fast recovery time, 1 Microsec Typ. w
. Built-In DC Block @ input and load  modulated, -
output. balanced, outphas- | 5§ 30}
. Hermetically sealed module ing, etc. The de-
. Removable connectors for surface sign flow of Figure 20
mount installation. .
7 shows possible 10
Typical Performance @ + 25 Deg. C steps for gettlng
1 up and using a 0
FREQ | MAXIMUM -
MODEL RANGE | NSERTION Max look up table fOI’ Output Power (dBm)
o) | Lossi) | VSR assessing  device
performance and A Fig. 8 Single-ended GaN transistor drain efficiency and
LSOB12PPI0CA | 8- 0 : enhancement tech- output power vs. swept input power, supply voltage (10,
—_ T d niques To illus- 20 and 28 V) and fundamental, second and third harmonic
) impedances.

trate the concept,

a .commercially . malized output current from the
available Wolfspeed GaN transistor main transistor, varies from 0 to 1.

(CG2H40010) was characterized at

a fundamental frequency of 2 GHz ~ 'aux~ = O where i, < 0.1, is the nor-
d a bi C,j £ 100 mA Us. malized output current of the auxil-
and a bias current o mA us iary device.

ing a Maury harmonic load-pull test o
bench. The measurement data was The normalized |.mpedances.pre—
analyzed to understand device per- ~ sented to the main and auxiliary
formance in a Doherty amplifier, then ~ transistors are

compared with the maximum perfor-  Z_ .\ = 2 — i, /imain and Zy, = 1/
mance possible from the device. Fig-  (i,,,/imain), respectively.

ure 8 shows the output power and

drain efficiency as the input power, The output power contributions

f ; . from the constituent amplifiers are
undamental and harmonic termi- given by

nations and supply voltages were N ,

swept. This scatter plot provides — Pmain = imain® % Zmain and Py =iaux

the performance limit of a single- % “aux

ended device; to achieve drain effi- In this Doherty example, a the-

ciency greater than 50 percent, the  oretical output current relation-
dynamic range of the output power  ship is used, although the equa-

approaches 15 dB. tion relating i,,, and i, can be

For a Doherty amplifier, the (sim-  changed, using a square law auxil-
plified) relationship between output iary relationship for example, where
power and impedance is defined by: i, .=\, The impedance val-
iaux = 2imain-1, where i ..., the no-  ues Z, .. and Z,, may be
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scaled to any value in the dataset. In this case,
10 Q is used as a multiplier prior to the look-up opera-
tion; fixed values for the harmonic impedances have
also been chosen prior to look-up. With the definition
for output power and impedance for the main and aux-
iliary devices, the look-up-table operation is performed
on the measurement data to extract the drain efficiency,
with interpolation of the measurements used to deter-
mine intermediate values.

90

80 s

70

60

50

40

Drain Efficiency (%)

30

20

o Fixed (Z,, Vds)

10

e Fixed (Z., Vds) + 3dBH
-©- Doherty
0 1 1
25 30 85 40 45

Output Power (dBm)

A Fig. 9 Calculated drain efficiency and output power vs.
measured drain efficiency and output power with fixed supply
voltage and harmonic impedances.
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With the output power and drain efficiency for the
main and auxiliary known individually, the composite
power consumption and output power can be calculated.
The simulated output power and drain efficiency of the
Doherty power amplifier is plotted in Figure 9, using the
measured data for the look-up operation. Because two
devices are used in a Doherty, the output power capabil-
ity is 3 dB higher, so a second scatter plot of the mea-
sured data, increased by 3 dB, is included. The second
scatter plot represents the performance limit. The load
modulation mechanism offered by the Doherty archi-
tecture—the limited 2:1 modulation range presented to
the dominant main device, combined with the arbitrary
impedance trajectory selected for this illustration—does
not fully exploit the device’s capability for load modula-
tion. The device is, in effect, being driven in first gear.
While the measurement space indicates a capability of
8 dB dynamic range achieving at least 50 percent drain
efficiency, the Doherty only manages to exploit about 5
dB of that range, also missing a couple of dB of saturated
output power. The same extracted Doherty performance
plotted on the entire measurement space, including the
full harmonic and supply variations, is shown in Figure
10. For efficiency of 50 percent or greater, the output
power dynamic range is now nearly 18 dB with the addi-
tion of the auxiliary transistor’s 3 dB contribution. Clearly
the performance of the Doherty in this example would
benefit from the addition of supply modulation and/or
waveform engineering.
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This model for the Doherty could be more sophisti-
cated, including other effects without detracting from
the basic flow. Alternatively, it could be that a different
enhancement scheme offers a greater benefit for the
device, whether tailored from the ground up or off-the-
shelf. Other concepts can be analyzed using different
equations and look-up parameters. For example, using
the outphasing architecture, the impedances presented

90
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Drain Efficiency (%)

30 |

20

"““['e Measured Possible | |
-©- Calculated Doherty

o ) L L L
25 30 35 40 45

Output Power (dBm)

A Fig. 10 Calculated drain efficiency and output power vs.
measured drain efficiency and output power showing full
supply voltage and harmonic impedance variations.

to the voltage source devices are derived from the co-
tangent of the inverse sine of the output amplitude.!

CONCLUSION

A classification of efficiency enhancement mecha-
nisms has been proposed, and their effects on class A
and class B amplifiers described, allowing for comple-
mentary mechanisms to be identified.

It is suggested that harmonic load-pull measure-
ments, over a range of supply voltages, which are anal-
ogous to the mechanisms, can fully extract the perfor-
mance potential of the device.

From those measurements, performance of the de-
vice in a range of architectures (e.g. Doherty) can be
predicted.

State-of-the-art devices, such as the Wolfspeed de-
vice illustrated in this article, are capable of much better
performance than state-of-the-art architectures.

Therefore, that designing a “good enough” supply-
modulated harmonic load-pull, appropriate for the ap-
plication at hand, should be a goal for those respon-
sible for developing power efficient RFFEs.l
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Insights Into Digital

B

Predistortion System Design

Paul Turner

Systems4Silicon Limited, Bristol, U.K.

This article provides insight into the engineering of digital predistortion (DPD) systems for
success, debunks some of the common misconceptions and gives real-world DPD performance

examples.

n recent years advances in the perfor-

mance of DPD for amplifier lineariza-

tion have been largely driven by the

cellular sector and the quest for higher
power efficiency, spectral efficiency and data
throughput with each successive generation
of the standards. The complex modulations
employed by standards such as 3G, 4G and
5G demand a level of transmission linearity
significantly in excess of that offered by the
power amplifier in isolation. This mandates
linearization techniques to meet exacting
out-of-band and in-band distortion levels
as specified by the spectral emissions and
modulation error requirements of the rel-
evant standard.

DPD has particular relevance to 5G as the
higher modulation bandwidths presented
by many use cases that have the tendency
to increase the level and complexity of non-
linearity exhibited by a power amplifier (PA),

€9

PHY

Wireless| |

oPD | pbAc .'Q =

A Fig. 1 Architecture of a PA with DPD.
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the mechanisms for which are explored with-
in this text. This puts a greater emphasis on
ensuring that PAs are designed to maintain
the extent of their non-linearities within the
linearizer correction capabilities. Addition-
ally, the very high data rates afforded by 5G
consume significant power in transmission
with respect to previous standards, notwith-
standing the spectral efficiency of the mod-
ulation. Many wireless infrastructure sites
have finite power supply networks that must
still power the existing 2G/3G/4G infrastruc-
ture, to say nothing of the environmental
implications of the power consumed. These
factors place greater emphasis on a DPD’s
ability to enhance 5G transmitter power ef-
ficiency and consequential savings in capital
and operating expenses.

The latest generation DPD solutions trail-
blazed by the cellular industry are now in-
creasingly being deployed to other sectors
including broadcast, satellite and private
mobile radio as they in turn seek higher
spectral efficiency through evolved, more
sophisticated linear modulation.

DPD THEORY OF OPERATION

A simplified DPD system architecture is
shown in Figure 1. The forward path com-
prises the wireless physical layer (PHY), DPD,
digital-to-analog conversion, RF up-conver-
sion and the target PA, while the feedback
or observation path comprises RF down-
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conversion and analog-to-digital
conversion.

In basic terms, DPD compensates
for PA compression by expanding the
input waveform. Figure 2 shows a

nominal amplifier compression char-
acteristic, which demonstrates that
for this characteristic an input signal
at level P, is subject to 1 dB output
compression (P;4g). Compensation

of the compression

~P3gp [mmmmmmmmmmmmm e e 3

P1ds

Output Power (dBm)

characteristic re-
quires 3 dB of input
signal expansion, at
which point the out-
put power equates
to that which would
be provided by a
linear characteristic
(Pout(lin))~

Figure 3 illus-
trates the implica-
tions of now seek-

~3 dB Required
Input

\// Compression

F’in ~Pin +~3
Input Power (dBm)

ing an additional
0.5 dB of linear out-

A Fig. 2 PA output vs. input power, where P;, drives the PA

to 1 dB compression.

pUt power (Pout(lin) +
0.5). This new oper-
ating point requires

an additional 3.5

Output Power (dBm)

0.5 dB Additional
Input Power

3.5 dB Additional
Input Expansion

dB of expansion for
a total input signal
expansion of 6.5
dB and the output
power is again re-
stored to that which
would be provided
by a linear charac-
teristic.  However,
the drive level is
now increased such
that the PA is at the

P+ 05
Input Power (dBm)

point of saturation
(the PA characteris-
tic has a near-zero

By 4~

A Fig. 3 PA output vs. input power, showing P;, + 0.5 dB.

or zero gradient)

o
ik
«X> Frequency
<«~—3x—
(a) «~—5x—>

et T I ‘ ‘ I T e
«X> Frequency
<«—3xX—
(b) «~—5x—>

input correction signal (b).

A Fig. 4 PA two-tone output spectrum without linearization (a) and corresponding

Pout

(a) Frequency

Pout

Increased DPD
Bandwidth

(b) Frequency

A Fig. 5 PA spectrum without linearization (a) and linearized PA output, showing
improvement with larger correction bandwidth (b).
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and no amount of further signal
expansion will increase the output
power. This illustrates an important
concept in predistorter design, that
the required input signal expansion
generally increases exponentially
with drive level and that operation
at, or close to, PA saturation is un-
desirable. Saturated operation can
be problematic for the predistorter
adaptation algorithm and the high
level of signal expansion consumes
digital dynamic range, raising the as-
sociated noise floor.

Perhaps the most common ques-
tion to arise in predistorter design
is how to determine correction
(forward) path bandwidth. Figure
4a shows the two-tone unlinear-
ized PA output spectrum with just
third and fifth order intermodula-
tion distortion products (IMD3 and
IMDS5) visible. Nonlinear theory of
predistortion is outside the scope
of this discussion, but it shows that
full correction of an intermodulation
product, in fact, requires a correc-
tion signal comprising an infinite
series of odd-order products’ as il-
lustrated in Figure 4b. Of course,
an infinite correction bandwidth is
not available in any practical system
and a compromise is required. In
reality, the ensemble of correction
products above a certain order will
have an insignificant performance
benefit.

Figure 5a illustrates the unlin-
earized PA output for a broadband
transmission. The effect of truncat-
ing the series of correction products
within the PA input waveform is to
introduce “bumps” of residual dis-
tortion within the output (see Figure
5b). The optimum correction band-
width reduces the level of this re-
sidual distortion to the point where
it falls within the specification plus
appropriate margins.

Typically, the baseband cor-
rection bandwidth may be 4 to 5x
the composite modulation band-
width (i.e. at 5x it encompasses all
fifth order predistortion products),
though this figure of merit can
vary significantly according to ap-
plication and performance require-
ments. The transmitter’s digital and
analog forward path must maintain
this bandwidth to faithfully present
the correction signal at the PA input.
Therefore, for a 100 MHz modula-
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performance avail-
able from a latest

generation digital
predistorter.  The
mixed-mode  sig-

T nal (4G plus multi-

L]
[}
|

jy S S Y

| carrier 2G) has a
total instantaneous

= ————r=—— bandwidth of 40

MHz. It is illustra-

tive of the current

A Fig. 6 Output of a Doherty PA with 4G and multi-carrier 2G
signal, with and without DPD linearization. Frequency range:
841.6 to 1001.6 MHz. Mean output power: 46 dBm.

tion bandwidth the system may
support a 400 to 500 MHz correc-
tion bandwidth from the baseband
predistorter to the PA input, using
the 4 to 5x guideline.

While simulation has its place in
determining the required correction
bandwidth for a given scenario, the
nonlinear hardware-in-the-loop na-
ture of the problem means that the
only reliable way to establish the
bandwidth with certainty is by em-
pirically evaluating the PA hardware
within the DPD control loop. This
approach provides a definitive an-
swer as to what correction bandwidth
achieves the desired spectral emis-
sion and modulation error levels. For-
tunately, it is often possible to achieve
this using off-the-shelf signal process-
ing and radio transceiver evaluation
cards without committing to the cost
of prototype development.

Figure 6 illustrates the level of

cost-driven  push
to share radio infra-
structure and rep-
resents a challeng-
ing composite signal use case for
any digital predistortion system. The
Doherty amplifier has 46 dBm mean
output power and the traces show
performance with and without lin-
earization enabled. For this scenario
the level of third order intermodu-
lation distortion is improved by up
to 30 dB, from a highly nonlinear
starting point. Of note is the DPD’s
in-band equalization of the amplifier
gain slope apparent on the 4G sig-
nal prior to linearization; this is one
of the side benefits of DPD systems
supporting this capability.

While Figure 6 shows the pre-
distorter’s action on out-of-band
spectral emissions, Figure 7 illus-
trates the concurrent improvement
of in-band distortion that results
from linearization. The figure shows
the transmitted constellation for
a 64 QAM carrier before and after
linearization. The predistorter re-
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A Fig. 7 64-QAM constellation before
linearization, MER = 33.1 dB (a) and
linearized, MER = 39 dB (b).

moves the AM-to-AM and AM-to-
PM distortion introduced by the PA
which would otherwise increase the
modulation error as shown in Figure
7a. For this example the modulation
error ratio is improved by approxi-
mately 6 dB.

While DPD enhances power ef-
ficiency, the linearizer subsystem
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A Fig. 8 Two-tone (a) and wideband (b) intermodulation distortion spectra.

does of course consume additional
power associated with the correc-
tion engine, adaptation processing,
enhanced forward path bandwidth
and feedback path. The power
consumed by the predistortion sys-
tem varies significantly according
to the transmission standard, tar-
get technology and performance
level sought; though, for wideband
4G/5G applications a very rough
estimate might be 3 W. For lower
transmit power applications such
as small cell and MIMO this figure
should be established to confirm
that predistortion provides a net
efficiency improvement (assuming
DPD is not mandated by other con-
siderations such as spectral emis-
sions compliance).

FEEDBACK PATH

An unavoidable fact in predistort-
er design is that the linearity of the
feedback path represents a limit on
available performance. Because the
feedback path falls within the con-
trol loop, the predistorter introduces
a correction signal for the feedback

path nonlinearity, which in turn is
imposed upon the transmit output.
During hardware design careful at-
tention to feedback path linearity, in-
cluding that of the data converter is
required to ensure it does not com-
promise performance. In contrast
to a conventional receiver design
the feedback receiver path linearity
tends to be a more important con-
sideration than SNR.

Similar considerations apply to
any linear feedback path distortion
such as gain and phase variation
which may be superimposed on the
transmit path if not addressed. Digi-
tal linear equalization of the feed-
back path can be used to mitigate
this effect, though characterizing
the response of the feedback re-
ceiver in isolation can be tricky.

It is @ common misconception
that the feedback path bandwidth
should be equivalent to the forward
path correction bandwidth. In fact,
the design requirement is that the
feedback path should span suffi-
cient distortion orders to facilitate
construction of the forward path

correction signal, which may be less
than the forward path bandwidth.
Figure 8 shows two waveforms,
both with the same instantaneous
bandwidth. The image in Figure 8a
comprises two narrow-band carriers
and it is apparent that the third and
fifth order distortion products oc-
cur at discreet locations. To capture
IMD5 information, the feedback
path must be 5x the instantaneous
bandwidth. In this case it is neces-
sary for the feedback bandwidth to
equal that of the forward path.

Now consider Figure 8b showing
a wideband noise-like carrier with
distortion products that are diffuse,
falling both within and outside of the
modulation bandwidth. If a feed-
back bandwidth of less than 5x the
modulation bandwidth is employed
it will still capture a proportion of
IMDS5 (and higher) products. For this
scenario it may be possible to use a
feedback bandwidth less than that
of the forward path. In practice the
feedback path bandwidth should
be designed empirically as restrict-
ed bandwidths can reduce algorith-
mic convergence time, which may
or may not be a consideration.

PERFORMANCE OPTIMIZATION

To obtain optimum performance
from a digital predistorter, it is neces-
sary to account for and address hard-
ware deficiencies and non-idealities
(in addition to the PA nonlinearity)
that would otherwise degrade the
correction level achieved. Non-flat
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gain and phase
slopes across the
analog forward and
feedback paths, lo-
cal oscillator phase
noise, direct con-
version gain and
phase imbalance,
carrier leakage, PA
gain variation and
control loop tim-
ing variability can

all degrade perfor-

mance. The more A Fig. 9 Suppression of the carrier image and LO using DPD.

sophisticated DPD
solutions incorporate subsystems to
correct the majority, if not all these
non-ideal characteristics. Indeed,
one of the greatest challenges to
successful predistorter design is to
orchestrate the operation of these
correction subsystems to avoid ad-
verse interaction between them and
to allow the primary nonlinear cor-
rection engine to be deployed solely
against the PA nonlinearity.

Worthy of specific mention are
amplifier memory effects, where
the PA output is a function of cur-
rent input signal and its past history.
Sources of memory effect are nu-
merous and include:?

e Gain variation with frequency
across the modulation band-
width.

* Transistor power supply varia-
tions (e.g. non-deal response of
the drain circuitry at the modula-
tion frequency).

e Thermal effects whereby device
junction temperature changes
modify the nonlinear character-
istic at the modulation envelope
frequency.

e Charge trapping effects. All
semiconductor materials and
interfaces tend to capture and
later emit charge (holes and
electrons) within the transis-
tor channel, causing changes in
current flow that are dependent
upon not only the instantaneous
device voltage but also the his-
tory of the voltage signal. Of
relevance to 5G is the increas-
ing popularity of gallium nitride
(GaN) transistors for wideband
transmission. Compound semi-
conductors such as gallium ar-
senide (GaAs) and GaN have
greater susceptibility to charge
trapping than conventional sili-

con laterally diffused metal ox-

ide semiconductor transistor.

Linearized performance is sub-
stantially degraded if the hardware
exhibits memory effects that exceed
the correction capability of the DPD.
This is an area where scalable (field-
programmable gate array (FPGA)-
based) DPD has an advantage as
there is the potential to increase
the complexity of the correction
engine to accommodate the PA's
memory depth. This does, however,
consume additional signal process-
ing resources and designing PAs to
minimize memory effect is the pre-
ferred approach, where feasible.

Figure 9 illustrates the operation
of a correction subsystem in the form
of a predistorter with the capability
to automatically suppress the car-
rier image from the gain and phase
imbalance of the analog quadrature
modulator (AQM) of a direct con-
version transmitter. It is apparent
that the correction algorithm also
has the capability to suppress the
local oscillator (LO) leakage of the
AQM to a high level. The best DPD
systems have the capability to in-
dependently correct carrier images
and LO leakage associated with
the forward and observation paths,
thereby preventing the observation
path correction signal from being
imposed upon the transmit output.

Care is required when positioning
ancillary digital correction engines
within the forward path as the nonlin-
ear nature of the system means that
superposition may not apply. For
example, the above compensator in-
tended to address AQM deficiencies
should be located after the predis-
torter, and not before, to ensure that
the compensated correction signal is
not subject to a nonlinearity.
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in excess of 5 dB
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In contrast, DPD
improves  efficien-
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specified, with asso-
ciated implications

A Fig. 10 CCDF of a 64-QAM signal (input) showing CFR
(output) to achieve 5 dB PAPR at 10 probability.

A sophisticated, latest genera-
tion predistorter can provide system
benefits beyond linearization by vir-
tue of the control loop formed by
the feedback path. In addition to the
above examples of linear equaliza-
tion, carrier image and LO suppres-
sion, the DPD may also integrate
compensation for PA gain variation
with  temperature.  Furthermore,
in - multi-transmitter applications,
such as beamforming or MIMO it is
possible to commutate a common
feedback path between the predis-
torter associated with each transmit
chain and thereby achieve gain and
phase alignment between channels.

CREST FACTOR REDUCTION

Crest factor reduction (CFR),
like DPD, is a technology that can
be used to enhance PA efficiency.
It is, therefore, worth a brief sum-
mary here. CFR modifies the input
signal to reduce its peak-to-average
power ratio (PAPR), trading a reduc-
tion in signal peak power level for
increased in-band modulation error
(within system requirements). Since
a PA is defined by its peak power
handling capability, this enables
operation at a higher mean power
level for improved efficiency. CFR
invariably requires a knowledge of
the underlying transmission stan-
dard and carrier configuration.

The capability of CFR is illus-
trated in Figure 10, which shows
the simulated complementary cu-
mulative distribution function for a
64 QAM satellite bearer where the
CFR has been configured to provide
5 dB PAPR at 10 probability. Mod-
ern, noise-like linear modulations
can have a very high PAPR for which
CFR can provide peak reductions
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for transistor size
and cost. DPD is
more indifferent to
the underlying modulation than CFR
and derives a correction signal from
the characteristics of the composite
signal applied without a knowledge
of the specific transmission standard.
CFR and DPD are separate yet com-
plementary technologies and may be
used together or individually.

SUMMARY

It is important to appreciate that
DPD system design is a co-design
exercise between the predistorter
(CFR, if employed), radio platform
and in particular, the PA. While the
latest generation DPDs are cable
of correcting complex nonlineari-
ties and hardware deficiencies, this
consumes digital resources (FPGA
or ASIC memory, registers and
multipliers) which may be at a pre-
mium. Hence maintaining PA char-
acteristics such as memory effect
within the correction capabilities
of the predistorter is desirable. PA
saturation at the maximum antici-
pated signal drive level should also
be avoided as no amount of signal
expansion within the predistorter
can compensate for a saturated
nonlinearity. The PA need not be
linear, but it should be designed to
handle the input peak power, which
will be dictated by the CFR, if used.
The best outcomes are achieved
when a PA is designed to be linear-
izable (i.e. system designed), rather
than attempting to apply the tech-
nology to an arbitrary amplifier®
I
References
1. S. Cripps, "Advanced Techniques in RF

Power Amplifier Design,” Artech House,

2002, pp. 153-162.

2. J. Vuolevi and T. Rahkonen, “Distortion

in RF Amplifiers,” Artech House, 2003,
pp. 43-68.

m APRIL 2020



1[Cq

WIDEBAND
AFORMERS £ BALUNS

223 MHz-18 GHz

= Case Styles as small as 0402
= Power Handling up to 3W

= Rugged Construction for Harsh Environments
= Qutstanding Repeatability

- - - - ® ;
[ —JMini-Circuits %‘%
Content is copyright piggsied sl PLaiddaiRiaFIEALaL e iruiRidREHRIAL EHRR o retransmisgpliz, s o

or reprints please contact t



ApplicationNote

B

Choosing the Best Method for
mmWave De-Embedding

Jon Martens and Steve Reyes
Anritsu Company, Morgan Hill, Calif.

Yuenie Lau

OML Inc., Morgan Hill, Calif.

As higher frequency mmWave measurements are increasingly needed, there is a corresponding
need for robust de-embedding techniques to reach device-under-test (DUT) reference planes

accurately and to account for fixture, radiator and launcher behaviors. While most lower
frequency techniques still work in principle, connection repeatability becomes much more of
a challenge at higher frequencies, and greater bandwidths are available as well, so optimal

techniques may change. This article examines some popular choices and experimentally looks at
performance in some WR5 fixtures from 140 to 220 GHz.

any classical de-embedding
extraction techniques rely on
explicitly solving for the S-pa-
rameters of the fixture or in-
terposing networks.’> These can work very
well, particularly at lower microwave fre-
quencies if the standards that are used at the
DUT plane are adequately defined and con-

RF, LO,
IF Bundle

OML WR-05 I oML WR-05
Extender ileture: :leturei Extender
PN
! DUT Reference !

: Planes :

Anritsu MS464xB VNA with
3739C Test Set

RF, LO,
IF Bundle

Instrument-Side
Reference Planes

A Fig. 1 De-embedding measurement setup.
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nection repeatability is sufficient. Examples
of these techniques include generalizations
of adapter removal,® where a pair of full cali-
brations at inner and outer planes solve for
the network parameters; one-port removal,
often termed Bauer-Penfield! from an early
paper, where one-port calibrations are used
to complete the solution; and traditional cal-
ibration methods such as thru, reflect, line
(TRL).7:8

At higher mmWave frequencies (greater
than 100 GHz), these methods face in-
creased challenges as standards definition
is affected more by machining tolerances
and repeatability. If the reference planes are
based on variations of the common UG387
flange, alignment tolerances are such that
repeatability degrades rapidly above a few
hundred GHz.7-1! This has led to a class of
de-embedding methods where assumptions
about the fixture are used to substitute for
some of the measurements. The argument
is that by using less repeatability-sensitive
data, while keeping the less sensitive mea-
surement data that is still important, net
m APRIL 2020
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A Fig. 2 Waveguide calibration
components, left to right: load, offset
short shim, flush short.

accuracy is improved. The assump-
tions can include symmetry—and
almost always include reciproc-
ity—and that mismatch centers are
not located too close together.12-16
The latter is addressed in this arti-
cle, where the phase resolution af-
forded by wide waveguide bands
allows the extraction process to
separate out dominant mismatch
mechanisms and create something
between a black box analysis and a
pure model fit to the fixture.

The measurement setup is shown
in Figure 1. It comprises a vector
network analyzer (VNA), the Anritsu
MS464XB and mmWave extension
heads, the WR0O5 from OML, to al-
low measurements from 140 to 220
GHz. Most of the conclusions apply
to other mmWave bands, with the
repeatability condition becoming
more important at higher frequen-
cies. The fixtures that are extracted
all have standard UG387 flanges on
the instrument side and modified
flanges on the DUT side, to sup-
port DUT mounting. Short, short,
load (SSL) and short, short, short
(SSS) calibration standards are used
in most cases, with modified offset
shorts being used at the DUT plane.

CALIBRATION STANDARDS
CONSTRUCTION

Due to the influence of the cali-
bration and de-embedding stan-
dards on the extracted results, it is
useful to look at how the waveguide
calibration standards at the instru-
ment reference planes are fabri-
cated. Three essential waveguide
calibration standards are needed for
TRL error correction in calibrating
the VNA: waveguide load, wave-
guide offset line and waveguide
short, which are representative of
needs for many other calibration
methods (see Figure 2). Precision
alignment hole locations, wave-
guide aperture dimensions and
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A Fig. 5 Reflection-based, phase
localized extraction calibration.

offset line length are critical param-
eters for defining these standards.
Quality calibration load and off-
set line waveguide apertures are
often manufactured using an elec-
troforming technique. The electro-
forming process starts with a preci-
sion machined waveguide aperture
mandrel, with the mandrel tolerance
usually better than 0.0005 in. and a
16 pin. finish is possible. With pol-
ishing, the surface finish can be less
than an 8 pin. mirror finish and a
0.0002 in. or better accuracy. Once
the mandrel passes mechanical in-
spection, itis submergedin a copper
solution where copper attaches and
thickens around it through a chemi-

A Fig. 3 Offset line (a) and precision load (b) construction.

ameter (see Figure
3a). Similarly, one
end of the wave-
guide load goes through another
brazing stage to attach a 0.750 in.
diameter flange (see Figure 3b).
The machined aperture mandrel
is chemically removed. The part is
cleaned, the interface flange is ma-
chined per MIL-DTL 3922/67 and
OML precision anti-cocking flange
specification control drawings. The
waveguide offset line is cut to N/4 at
the center of the waveguide band
of interest, and the waveguide pre-
cision load is cut to a predetermined
length. Both the offset line and the
waveguide precision load interface
are polished to a 16 pin. finish or
less. The part is then gold plated af-
ter passing mechanical inspection.
The waveguide short is a machined
part, with its flange configured per
MIL-DTL 3922/67 and precision
flange specification drawings. The
waveguide short flange interface is
polished to an 8 pin. mirror finish or
better.

Once gold plated, the parts must
pass final mechanical inspection. In
addition, the aperture dimensions
and the offset line length must be
within +0.0002 in. tolerance. Ma-
chining and process precision help
to reduce uncertainties at the instru-
ment reference planes of Figure 1,
resulting in a low insertion loss—of-
ten on the order 0.1 dB—with a cor-
respondingly high return loss. Such
mechanical precision at the inner
fixture DUT reference planes may
be much more difficult to achieve,
which drives the need for an opti-
mal technique for de-embedding.

ONE-PORT TECHNIQUES

One-port methods are among
the simplest to execute, since an
interconnection between ports is
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not required. A
0 common classical

family often goes

- by the name Bau-
) . er-Penfield  (BP)."
- W As shown in Fig-
ure 4, a full one-

I p—— port calibration is
i BP 3 performed at the
BP 2 instrument side
5 ‘ ‘ ‘ of the fixture, and
140 160 180 200 220 | another calibration
Frequency (GHz) is performed at the

DUT side. Assum-
ing reciprocity, the
fixture  S-parame-
ters are then ex-

=10 kit 8P 2 plicitly determined.
In the following,
20 this is labeled BP3,
as in three stan-

30 p dards are used at
'v v U I [ITT] | the DUT plane. As

discussed in the lit-

: erature,® the DUT
side match of the
fixture is some-
A Fig. 6 Extracted fixture |S,| (a) and |S 4] (b) comparing the what sensitive to

phase localized, BP2 and BP3 one-port methods. standards qua|ity,
but the |osses in

[S21| (dB)

-3

Phase Localized

|S11] (dB)

40 ‘ ‘
140 160 180 200 220

(b) Frequency (GHz)

Covering Your Spect?'um m

* Fixed Attenuators
* Variable Attenuators

* Terminations
¢ Power Dividers/Splitters

* RF Adapters

» DC Blocks

¢ RF Tuners

* DC to 50 GHz

¢ 1 Watt to 2000 Watts
e Custom SOIutions

Provids ng the ﬁ{gé&f quaf {y amf cos f~campe{:fwe
Broadband RE and Microwave Products
in the 9nr£mfr:y sinee 1 989

Visit our new website with interactive cata!og and online RFQ!

2505 Back Acre Circle WEINSCHEL
Mount Airy, MD 21771 ASSOCIATES
Voice: 301.963.4630 BROADBAND RF
Fax: 301.963.8640 MICROWAVE
sales@WeinschelAssociates.com SOLUTIONS

80

the fixture here are low, so the in-
put and output match behaviors
convolve. Insertion loss extraction
is derived from the two reflection
tracking terms, so the high reflec-
tion standard behaviors are particu-
larly important. By using an SSL kit
on the instrument side plane, the
load standard has little impact on
loss extraction. By using an SSS kit
on the DUT side, all the standards
have roughly equal sensitivities.

A variation on the basic BP ap-
proach is to use two standards—
often two different high reflections
—if insertion loss is the primary
quantity of interest. There are some
variations on this, including those
that assume symmetry and those
that assume the fixture is electri-
cally short, as in the on-wafer case.3
The fixture used in these measure-
ments is not electrically short, i.e.,
greater than 10\ at mid-band, so
symmetry is assumed used and la-
beled BP2 in the plots to follow. A
partial information method used in
this work is based on a single re-
flection measurement through the
fixture14.16 after a full calibration at
the instrument plane. The reflection
coefficient of the standard at the
DUT plane, an offset short in this
case, is assumed known. The mea-
sured reflection data through the

Instrument-
i 2 Side Ports

—KGDB—

Calibrate at Instrument-
Side Reference Planes

1 2

4K27

Calibrate at/DvUT
Reference Planes

A Fig. 7 Adapter removal method two-
port extraction.

Thru Standard

i Fixture

Fixture

Instrument-
Side Reference
Plane

Reference
Planes

Mismatch Centers

A Fig. 8 Transmission based, phase
localized, two-port extraction.
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ApplicationNote

fixture is correlated with a series of
propagation kernels to separate the
portions of the response due to the
reflection standard from those due
to the internal mismatch centers
(see Figure 5). Because the sepa-
rate identification of the centers is
based on phase resolution, there is
a limit when a mismatch center near
the DUT interface cannot be sepa-
rated from the reflection standard.
The resolution is proportional to

‘\*\\‘ALI /‘,'

7
AN

(%

29120
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¢ Modular design: 80-200cm far-field
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the reciprocal of the sweep width,
which is 12.5 ps for the WR5 wave-
guide band. The results from this
approach are labeled “phase lo-
calized” in the measurements to
follow. Related approaches using
time-domain processing also exist.

ONE-PORT MEASUREMENTS
Using the test setup of Figure 1,

all three methods were used to ex-

tract the fixture parameters. [S21| is

MilliBox™

APPLICATIONS:

¢ 5G (NR) mmWave

e 60GHz, 802.11ad, 802.11ay
e 77GHz automotive radar

¢ Misc mmWave designs

Phone:  +1 408 892 9595
p Email:  millibox@milliwavess.com
&7 Web:  www.millibox.org

plotted in Figure 6a. BP2 produces
the least physical result which might
be expected since the fixture is
not particularly symmetric, and the
match is not excellent. The phase
localized and BP3 methods produce
similar results. BP3 has a 20 repeat-
ability of the extracted |S,;| of +0.25
dB. The 20 repeatability of the
phase localized result is +0.11 dB.

Extracted |Sq4| on the instrument
side is plotted in Figure 6b for the
three methods. The BP2 result is
again clearly deviant, most likely
because of the assumption of un-
derlying symmetry. Again, the BP3
and phase localized methods agree
reasonably well within repeatability
and calibration kit uncertainties: ~5
dB at -20 dB reflection.

TWO-PORT TECHNIQUES

A popular classical approach for
two-port analysis, where two fixture
arms are extracted simultaneously,
is sometimes termed adapter re-
moval (see Martens® and the refer-
ences therein); although this term is
sometimes used specifically for the
case where a single fixture is moved
from being attached to one instru-
ment port to being attached to the
other instrument port. This discus-
sion generalizes to two fixture arms.
While the concept has several differ-
ent implementations, one is essen-
tially a doubling of the BP analysis
with the thru information not actu-
ally used. Other implementations
use the thru data to augment the
fixture transmission terms, often in a
least-squared sense that is reflected
in this article; the method is illustrat-
ed in Figure 7. Since a calibration is
being performed at the inner refer-
ence plane, why is extraction need-
ed? This is sometimes done so the
fixture parameters can be recalled
in conjunction with a simpler instru-
ment calibration for future measure-
ments, when the DUT plane calibra-
tion may not be practical.

A simple partial information tech-
nique does a gross match assign-
ment by using only the instrument
side reflection data and, assuming
the inner interface is perfect, as-
signs the measured mismatch to
Sqq1 and Sy, of the fixture arm, ei-
ther with symmetry or, usually, all
mismatch assigned to one side or
the other of the fixture. Symmetry is
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assumed in this analysis. The inser-
tion loss is simply the square root
of the measured insertion loss of
both fixture arms together. In dB,

it is a halving of the measured loss;
hence, this method is sometimes
termed “divide by 2.” Because of
the match handling coarseness, this

approach is best

suited to a well-
matched fixture1?

and is labeled D1
in the following
measurements. A

[S21 (dB)

more recent par-

tial information
scheme also goes

140 160 180
Frequency (GHz)

under the “phase
localized” label
used in the one-

200 220

port section, but

here the correla-

tion with phase
kernels is applied

N\VA’IAAAAAA

[S11| (dB)

to transmission as
well as reflection

]

data, and fixture

|
4_\"\/!”

insertion loss is de-

M.

\/

rived from process-

140 160 180
(b) Frequency (GHz)

ing on the mea-
sured transmission
data.'* This pro-

200 220

A Fig. 9 Extracted fixture [S,,| (a) and |S ;] (b) comparing the

D1, PLD and AR two-port methods.

cess is illustrated
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in Figure 8, with the results labeled
PLD in the following measurements.
A calibration exists at the instrument
reference  planes—short,  short,
load, thru (SSLT) in this case—and
transmission and reflection data
through the fixture pair are correlat-
ed against a range of phase kernels.

TWO-PORT MEASUREMENTS

The two fixture setup is measured
using all three methods, and both
fixture arms have similar param-
eters. |S,4| is plotted in Figure 9a,
and all methods agree within about
0.1 dB except above 215 GHz. The
D1 method shows higher spatial
frequency ripple, which appears to
arise from the misallocation of mis-
match centers. Separation by phase
localization is cleaner with PLD, and
the bandwidth enables this separa-
tion since the dominant centers are
separated by about 250 ps. The
adapter removal method misses
some structures, and adds one of
its own, presumably because of re-
peatability issues on the many con-
nections. On repeated extractions,
the 20 repeatability for the adapter
removal approach is +0.2 dB, while
those for D1 and PLD are both un-
der +0.1 dB. All methods identify
the resonant structure at about 172
GHz, caused by a support structure
near the DUT plane.

The extracted |Sq4| on the instru-
ment side is plotted in Figure 9b for
the three methods, with a bit more
variance here, although return loss
levels are relatively high. Based on
simulation, the D1 method appears
to underestimate return loss, but
the allocation is forcibly symmetric,
so it is not surprising there are some
variances. The adapter removal
method shows higher reflections
at some frequencies, likely due to
heightened sensitivity to the char-
acterization of the standards used
at the DUT plane.

CONCLUSION

In repeatability-challenged  fix-
tures used at higher mmWave fre-
quencies, classical extraction ap-
proaches for de-embedding may
have suboptimal performance due
to repeatability or the ability to fab-
ricate and characterize standards
to use at the DUT plane. Partial
information methods that place

Content is copyright protected and provided for personal use only - not for reproducﬁwjghﬁ&aﬂq%lgﬁsi%%m 2020
For reprints please contact the Publisher. ’



'PRECISION PASSIVE COMPONENTS & ELECTRONIC PACKAGES

PROVEN RELIABILITY.
TRUSTED PERFORMANCE.

Thick & Thin Film Resistor Products

¢ Faithful scheduled deliveries under 2 weeks

e Values from 0.1 Ohm to 100G Ohm

e Abs. tolerance to +0.005%, matching to =0.0025%
¢ TCR’s to +2ppm/°C, tracking to =1ppm/°C

e Operating frequencies to 40GHz

¢ High performance at cryogenic temperatures

e Case sizes to 0101

e Space level QPL’s, F.R.-“S”, per MIL-PRF-55342

e Zero failures with over 200 million life test hours
* IS0 9001:2000 certified

¢ Full line of RoHS compliant products .')’:. 4
® 24-hour quote turnaround ‘tw -~ \

Electronic Package Products
o Hi Reliability Hermetic Packages:
» Lightweight glass sidewall flatpacks, S0-8, and S0-14 packages
« Surface mount and plug-in packages
« Metal flatpacks, leadless chip carriers (LCC), ceramic quad flatpacks (CQFP)
¢ Hermeticity per MIL-STD-883, Method 1014, Condition A4 (less than 10+'° atm cc/sec)
¢ Plating per MIL-DTL-45204 and QQ-N-290 for standard packages
(unless otherwise specified)
e Custom design available
* RoHS and DFARS compliant

When it comes to today’s military, aerospace, and medical
applications, the reliability and performance requirements of
electronic components have never been so demanding. By delivering
superior-quality products for over forty five years, it's easy to see why
Mini-Systems is a supplier of choice among design engineers.

mini-systemsinc.com
208-695-0203 info@mini-systemsinc.com

MINSYSTEMSg NG ected and provided for personal use only - not for reprodudtiozn paviceriad SoaisaieBoro MA 02761-0069
SINCE 1968 For reprints please contact the Publisher.



ApplicationNote

less stress on those standards and
more stress on fixture assumptions
have evolved over the years and
can produce improved results if the
assumptions are met. Some of the
more recent algorithms that make
assumptions about locations of mis-
matches in some mmWave fixtures
may yield better results than mea-
surements that ignore mismatches
or assume symmetry.ll

I
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MV269M 100 MHz

v SMALL PACKAGE 21 X 13 X 9.5 (DIL 14)
v SIN AND HCMOS OUTPUTS

Phase noise, dBc/Hz

10 Hz <-102
100Hz  <-135
1 kHz <-163
10 kHz <-175
100 kHz <-178

MV317 100 MHz

v LOW G-SENSITIVITY <1E-9/G (TYPICAL),
OPTIONS UP TO <2E-10/G

Phase noise (typical), dBc/Hz

10 Hz <-102
100 Hz <-135
1 kHz <-164
10 kHz <-180
100 kHz <-185

MV359 DUAL FREQUENCY 10 and 100 MHz

v ALLAN DEVIATION 5E-13 PER SEC.
v TEMPERATURE STABILITY +1E-9

Phase noise, dBc/Hz
for 10 MHz 100 MHz

1Hz <-120 <-98
10 Hz <-145 <-125
100 Hz <-160 <-135
1 kHz <-165 <-160
10 kHz <-170 <-175
100 kHz <-170 <-180
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6 kW Solid-
State Microwave

Generator for ISM

- Applications

RFHIC Corp.

Anyang, South Korea

FHIC's 6 kW, solid-state microwave

generator provides enhanced per-

formance for 2.4 GHz industrial,

scientific and medical (ISM) appli-
cations, such as CVD reactors for artificial
diamond growth, PVD thin film deposition
equipment for semiconductor films and dry-
ing/sterilization for industrial food process-
ing.

Using GaN power amplifiers (PA), the
compact and lightweight RIU256K0-40T
generator operates from 2.4 to 2.5 GHz,
combining four, 1.6 kW GaN PAs into a
stand-alone, rack mounted solid-state pow-

er amplifier (SSPA) that is modular and fault
tolerant (see Figure 1). The SSPA supports
both CW and pulse operation and can be
customized to application requirements.
With an adjustable power range from five to
100 percent of rated output, the RIU256K0-
40T utilizes RFHIC's technology enabling
high system efficiency at both low and high
power levels (see Figure 2).

Each of the four GaN PAs in the generator
uses RFHIC's high performance GaN on SiC
transistor technology, which provides wide
bandwidth, high efficiency, high breakdown
voltage and reduces the overall size of the

Drive & Control
Module

Divider 1

1.6 kW SSPA x 4

O
|

A Fig. 1 SSPA head.
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A Fig. 2 System efficiency vs. output
power.

system. The RIU256K0-40T uses 200
W transistors (IE24200P), which have
a saturated output power of 230 W
and 74 percent drain efficiency at 50
V bias. The fully matched transistors
are integrated with DC blocking ca-
pacitors on both RF ports to simplify
SSPA integration.

SSPA VS. TUBE

Many historic RF energy appli-
cations use vacuum tubes or mag-
netrons as the core power source.
Such systems have significant disad-
vantages controlling the frequency,

1 kW

3 kW 6 kW

A Fig. 3 Signal purity of the SSPA head (SH) compared to a magnetron head (MH).

power and phase. The RIU256K0-
40T includes RFHIC's drive and
control module to precisely set the
output frequency and power, and
the generator delivers a clean signal
with low noise and spurious com-
pared to a magnetron (see Figure
3). Another advantage is the capa-
bility to generate full power without

any warm-up time.

Tubes have short lifetimes—of-
ten less than 6,000 hours—causing
down time and increasing operating
cost. The RIU256K0-40T's lifetime is
between 50,000 and 100,000 hours,
depending on the operating condi-
tions, which yields significant cost
savings. Unlike magnetrons and

- Antenna Training Kit
- Antenna Research Kit

- Multi-Antenna Kit

Game-Changing Antenna Technology

- Antenna Design and Prototyping Kit

More information: www.antenit.com

Don’t Get Bustedl

Contact: sales@antenit.com
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other tube-based systems with a
single power source, the RIU256KO0-
40T combines four rugged GaN
SSPAs, enabling the system to de-
grade gracefully if one of the PAs
fails. Tube-based systems require
high voltage power supplies inside
the generator, which are susceptible
to arcing. The SSPA operates at a
safer voltage of 50 V.

The RIU256K0-40T uses water
cooling to eliminate large metal heat

sinks and reduce generator size.
With water cooling, the SSPA can be
compatible with the existing cooling
infrastructure for a tube-based sys-
tem, which reduces installation and
operating costs for the customer.
The system has multiple sensors to
detect water flow rate, SSPA tem-
perature and VSWR. In case of ab-
normal operation, the system will au-
tomatically shut down and alert the
user, ensuring the generator is not

"NORDEN
MILLIMETER

High Performance Mil Qualified Designs
Frequencies 500 MHz to 110 GHz
Solutions for EW, Radar, and 5G

Norden Millimeter is a proven
source for RF Amplifiers, Frequency
Multipliers, and Frequency Converters

Used in the military, commercial, and test applications.

www.NordenGroup.com
530-642-9123
Sales@NordenGroup.com
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damaged. The RIU256K0-40T has
an LCD touchscreen and jog wheel,
providing full access to the system
controls, sensors and alarms; full
monitoring and control is also acces-
sible using a laptop or remote PC.
Controlling the system remotely via
PLC, CAN or Bluetooth is available
as an option.

MODULAR DESIGN

The RIU256K0-40T is a stand-
alone, rack mounted system with
two parts:

e SSPA head with isolator, which is
42.4 cm wide, 74.7 cm long, 25.6
cm high and weighs 41 kg.

* Power supply, which is 48.3 cm
wide, 43.2 cm long, 17.7 cm
high and weighs 29 kg. The
power supply uses three-phase,
380 V AC and generates the 50
V bias for the GaN transistors.
The power supply contains six,
3 kW rectifier modules designed
to load share, be hot-swappable
and n+1 redundant, meaning
the SSPA will continue to oper-
ate if one of the power modules
fails. The failed module can be
replaced without replacing the
entire generator.

Four 1.6 kW SSPAs are combined
to produce the 6 kW CW output,
using RFHIC's four-way waveguide
combiner. From 2.4 to 2.5 GHz, the
WR340 combiner has a maximum
insertion loss of 0.1 dB with 1.1:1
VSWR and less than 3 degrees im-
balance among the ports. The gen-
erator is scalable, meaning users
can add RFHIC's commercial off-
the-shelf PAs without manual phase
synchronization. This flexibility max-
imizes amplifier utilization, reduces
capital expense and shortens devel-
opment time.

RFHIC Corp. is semi-vertically in-
tegrated, the only company with a
portfolio from GaN transistors and
PAs to full systems, from commer-
cial off-the-shelf products to custom
module and sub-system designs
with output power to multi-mega-
watts. RFHIC's extensive capabilities
ensure low cost and quality prod-
ucts, with fast lead times and after-
care service.

RFHIC Corp.
Anyang, South Korea
www.rfhic.com
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Advances in

Temperature
Stable, Low Power

Consumption OCXOs

Syrlinks

Cesson-Sévigné, France

he choice of the local oscillator in

an RF/microwave system is a sig-

nificant decision affecting the per-

formance of the system. In the case
of an embedded application, where power
is limited by battery operation, for example,
optimizing the performance for the lowest
dissipation is an important requirement.
Figure 1 shows the frequency stability ver-
sus power consumption of several catego-
ries of quartz oscillators. The most basic use
MEMS, while the most efficient are the oven
controlled quartz oscillators (OCXO), where
the quartz resonator is stabilized at a specific
temperature.

10

0.1

0.01

Power Consumption (W)

0.001

0.0001

:\ Rubidium
“~{Atomic Clock
OCXO
TCXO
MEMS
1E-12 1E-10 1E-8 1E-6 1E-4
Frequency Stability Over Temperature

A Fig. 1 Oscillator frequency stability vs. power consumption.

94

The performance of an OCXO is primar-
ily determined by two factors: the quality
of the quartz resonator and the variation in
quartz temperature with ambient tempera-
ture changes external to the OCXO. The
frequency of any quartz oscillator will drift
with temperature. For a 10 MHz oscillator,
for example, the frequency drift between
-40°C and +85°C can reach +250 to +500
Hz. Maintaining the quartz at a precise tem-
perature will reduce the OCXO drift to be-
tween £0.05 and +0.5 Hz, depending on the
OCXO.

The quartz crystal in an OCXO is chosen
to operate at an ultra-stable point, called the
turnover point, where a small excursion in
temperature does not significantly affect its
frequency. The turnover point temperature
must be higher than the maximum ambient
temperature of the OCXO, so the internal
heating mechanism and thermal regulation
of the OCXO can be effective. To limit the
power dissipation, the heated quartz must
be well insulated from the outside, meaning
the packaging must have the highest pos-
sible thermal resistance.

AT OR SC CUT?

Using an OCXO requires choosing the
type of quartz cut, AT or SC, and whether
a simple or double oven is necessary to
achieve the required stability. Figure 2 com-
pares the frequency stability of AT and SC
cut crystals. The difference can be signifi-
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A Fig. 2 Frequency stability of AT and SC cut crystals.

cant, with SC cut crystals more sta-
ble than AT cut at a given turnover
point. However, OCXOs using AT
resonators are more common and,
for low volume applications, pro-
vide an excellent trade-off between
overall frequency performance and
low power consumption. OCXOs
using SC cut resonators represent
the state-of-the-art and are used for
the most demanding applications,
those requiring very low long-term
aging, precision ranging or satellite
positioning. SC cut resonators are
traditionally bulkier than AT cut.
OCXOs guarantee high frequen-
cy accuracy, typically +1 ppm. To
achieve this, the OCXO manufac-
turer sorts the crystals and adds a
trimming step during production.
This adjustment, called frequency
tuning, is important to guarantee
the frequency precision when the
OCXO is shipped. For example, if
an OCXO is specified at 10 MHz,
the frequency must be within a few
Hertz—difficult to achieve without
trimming. Yet, even with this ac-
curacy, designers often want to
adjust the frequency of the OCXO
slightly; to enable this, a Vtune in-
put is provided to tune the OCXO
to the nearest milliHertz. For maxi-
mum precision, Syrlinks provides an
internal, thermally-controlled refer-
ence voltage, Vref, which does not
vary with the ambient temperature.
This enables adjusting Vtune with a
simple resistive divider, and the Vref
ensures the maximum precision.

BATTERY-POWERED
APPLICATIONS

To counter the generally higher
power consumption of an OCXO

For reprints please contact the Publisher.
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compared with a temperature com-
pensated crystal oscillator (TCXO),
Syrlinks has developed a range
of OCXOs combining low power
consumption with small size and
weight. The EWOS ™ range cov-
ers frequencies between 10 and 40
MHz, with thermal sensitivities be-
tween =5 and =250 ppb and power
consumption between 50 and 400
mW at 25°C, about 10x lower pow-
er consumption than comparable
OCXOs. Small size is achieved by
adding an ASIC at the core of the
OCXO to control all oscillator func-
tions and manage the thermal be-
havior.

Syrlinks has developed a new
timing module built using its OCXO
and very low power digital elec-
tronics. The Syrlinks GNSS Timing
Module (SGTM) precisely aligns the
frequency and phase of the EWOS
OCXO with the GPS signal. If the
GPS reference is not available, the
SGTM maintains accurate time,
relying on the stability of the em-
bedded OCXO. Without modify-
ing the system, the SGTM can be
used in some applications as an
alternative to a chip-scale atomic
clock (CSAQC): its footprint enables
quick pre-testing and deployment
in production, making it an alter-
nate second source if the CSAC is
not available. The digital electron-
ics of the SGTM provide advan-
tages over the OCXO alone. The
alignment of the OCXO’s phase
and frequency with the GNSS sig-
nal is fully automated and achieves
0.5 to 1.0 ns jitter compared to the
pulse-per-second (PPS) signal. This
performance is linked to Syrlinks’
proprietary algorithm and hyper-
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A Fig. 4 Improved OCXO thermal stability with active dedicated to un-
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fine tuning of the OCXO frequency tions. For example,

using the Vref output. from -10°C to +45°C, the thermal

The reduction of the residual  sensitivity of the SGTM16HP-UW

initial  synchronization error with is reduced by 20x, from +15 ppb

the GNSS signal makes it easier to ithout tion to +0.5 ppb
Monopulse . . without compensation to +0.5 ppb,
i > reveal secondary parabolic drifts  the thermal noise of the OCXO (see
omparators related to long-term aging or ther- Figure 4).
mal drift. Figure 3 compares the OCXOs are essential for many
accumulated time error for a case  RF/microwave applications. Syrlinks
where the initial synchronization is  has combined its long-term under-
not close—the jitter is 20 ns—vs.  standing of crystal oscillator tech-
the SGTM with 0.5 ns jitter. In the  nology with digital electronics and
first case, the linear accumulated  algorithms to push OCXO perfor-

MADE IN USA

50 Intervale Road, Boonton, NJ 07005 error masks the other types of drift,  mance to new frontiers.
Tel: 973-394-1719 « Fax: 973-394-1710 which must be post-processed to )
y obtain better resolution of oceanic ~ Syrlinks
www.etiworld.com subsoils, for example. Cesson-Sévigné, France

In addition to generating a PPS ~ WWw.syrlinks.com/en/
signal from the OCXO frequency, time-frequency
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TechBriefs

lotted antennas, a comple-

ment to dipole antennas,

have slots A/2 long and a

fraction of a wavelength
wide. The antenna propagates
based on Babinet’s principle of a
resonant radiator. The key differ-
ence between a dipole and a slot-
ted antenna is the field components
are interchanged in orientation. Be-
cause of the vertical electric field in
horizontal orientation, slot arrays
can fit on the surface of moving
objects without introducing much
aerodynamic drag and wind load.
For the same size, slotted wave-
guide array antennas are more effi-
cient than any other planar antenna.
Versatility in slot feeding options,
ease of weather-proofing and me-

Slotted Waveguide
Array Antenna

chanical stability make slotted an-
tennas well-suited for military and
defense applications.

For radar and communication
systems, Eravant, formerly SAGE
Millimeter, has developed the SAW-
3533532716-28-L2-WR, a slotted
waveguide array antenna operating
at 35 GHz with 500 MHz bandwidth.
The bandwidth can be increased by
increasing the slot width, with cross-
polarization increasing as a trade-off.
The  SAW-3533532716-28-L2-WR
slot array supports linear, vertically
polarized signals with high aperture
efficiency and low VSWR. The anten-
na has 27 dBi gain with a half-power
beamwidth of 16 degrees in the E-
plane and 2 degrees in the H-plane.
A radome of LEXAN polycarbonate
makes the antenna suitable for out-
door applications. Its 1 Ib. weight
and small size—measuring 11.84 in.

x 3.85 in. and just 0.93 in. thick—eas-
es mounting and minimizes the dy-
namic load to the overall structure. A
groove for an O-ring in the standard
WR28 waveguide flange (UG-599/U)
pressure seals the connecting inter-
face. Integrating the antenna with
a T/R diplexer, a dual channel I/Q
receiver and an oscillator makes a
complete package for many system
applications, such as traffic manage-
ment, law enforcement, communica-
tions and military surveillance.

The slot array antennas offered
by Eravant span WR90 to WR10
and are designed with MIL-F-3922
designated standard flanges as the
microwave connector interface.

Eravant, formerly
SAGE Millimeter
Torrance, Calif.
www.eravant.com

usumu’s RG series of thin
film resistors was devel-
oped to have extraordinary

environmental  resistance
and durability in high temperature
and high moisture applications,
maintaining the excellent perfor-
mance properties of thin film resis-
tors. RG resistors, which stands for
“resistors great,” were developed
for applications such as automotive
electronics, test and measurement
and medical equipment, where
high reliability and accuracy are es-
sential to achieve “zero” defects.
The RG series has an inorganic
protective coating to maintain high

100

High Reliability,
Precision Thin Film

Resistors

reliability and durability to heat and
moisture and offers excellent per-
formance, with tight tolerance, low
temperature coefficient of resis-
tance (TCR), low current noise and
high linearity for high frequency
circuit applications. Resistor preci-
sion is typically £0.02 percent, with
a TCR of £5 ppm/°C. Subjected to
a 10,000 hour reliability test, the RG
series drifts less than +0.1 percent.
The four types in the series have
maximum voltage ratings from 75
to 200 V. Various power ratings are
available within each type, up to
0.25 W, with power handling derat-
ed above +85°C. The overall oper-
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ating temperature range of the RG
series is from -55°C to +155°C.

Since 1964, Susumu has been de-
veloping innovative and high-quality
thin film resistors for the electronics
industry. As a specialist in thin film
technology and one of the world's
largest manufacturers, Susumu offers
a wide range of high-quality compo-
nents: chip resistors, chip networks,
precision resistor networks, chip in-
ductors, delay lines, power inductors
and current sensors.

Susumu Deutschland GmbH

Eschborn, Germany
www.susumu.de
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CatalogUpdate

New Product Guide

K&L Microwave has been a key sup-
plier to space programs since the
Apollo 17 lunar sounder experiment
in 1972. K&L has supported custom-
ers with high reliability filter products
for integration into flight equipment,
providing bandpass, highpass, low-
pass and bandstop configurations. As
a supplier of custom filter products,
K&L has the expertise and resources
for determining how best to meet
customer space flight requirements.
A highly trained engineering staff utilizes specialized in-house
and purchased software tools to identify and realize advanta-
geous designs.

K&L Microwave
www.klmicrowave.com

New Product Guide

Y)VENDORVIEW

The new MilesTek product guide is
filled with detailed technical infor-
mation and specifications covering
a host of MIL-STD-1553B, Ethernet,
fiber-optic products and more. Fea-
tured product lines include 1553B
data bus couplers, bus and stub
cables, relay devices, Twinaxial and
Triaxial cables and connectors, mil/
aero and harsh environment Ethernet
cables and connectors and a range of
rugged fiber optic product solutions.

MilesTek
www.milestek.com/t-catalog.aspx

iclwave

5 Ways to Address 5G JaeS

Interference Issues

JVENDORVIEW

As the RF spectrum becomes more
crowded, the chance for interfering
signals greatly increases as frequency
bands become very close to each
other and sometimes even overlap.
These situations have caused more
interference issues than ever in the RF
and microwave spectrum, so it is im- |
portant to understand how to avoid
interference. This eBook examines
several solutions to the ever increasing problem of interference
using techniques such as frequency sharing, frequency cancel-

eBook

5 Ways to Address 5G
Interference Issues

New Product Guide

JVENDORVIEW

L-com’s Product Guide is your tech-
nical source for all things wired and
wireless. Packed with technical tips,
diagrams, tutorials, cables, adapters,
connectors, Wi-Fi antennas, WLAN
amplifiers, IoT, NEMA enclosures and
other wired and wireless products. L-
com offers a wide range of solutions
and unrivaled customer service for
the electronics and data communica-
tions industries. The company’s prod-
uct portfolio includes cable assemblies, connectors, adapters,
antennas, enclosures, surge protectors and more. L-com is ISO
9001:2015 certified and many of its products are UL® recognized.

L-com
www.l-com.com

) Min-Circuits’

New Product Guide

JVENDORVIEW Soa

Mini-Circuits continues to release NEW PRODUCT
new products at a record pace. The
Q4 2019 New Product Guide show-
cases some of the company’s latest
model releases including ultra-wide-
band coaxial amplifiers up to 43.5
GHz, MMIC splitter/combiners with
multi-octave bandwidths from DC to
43.5 GHz, connectorized passives up
to 65 GHz, new LTCC products and

more.
Mini-Circuits
WwwWw.minicircuits.com

New 2020 Product Guide
\T/\/ENDORVIEW

Pasternack, an  industry-leading
manufacturer and supplier of RF,
microwave and mmWave products,
has recently released their 2020 RF
Product Guide. The company’s lat-
est 264 page catalog contains thou-
sands of in-stock products including
RF cable assemblies, RF amplifiers,
an expanded portfolio of waveguide
components, 60 GHz modules and
systems and hundreds of other active
and passive RF components that are all available for same-day
shipping worldwide.

ation and filtering. Pasternack

Norsat International www.pasternack.com

mwijournal.com/ebooks
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DUAL or SINGLE LOOP
SYNTHESIZER & PLO MODULES

* Proprietary digital integer and Fractional PLL technology

« Lowest digital noise floor available -237 dBc/Hz figure of merit

 Output frequencies from 100 MHz locked crystal to 30 GHz

« Rvailable with reference clean up dual loop, or single loop for
very low noise reference

= Parallel fixed band stepping or SPI interface synthesized up to
octave bandwiidths @

» Reference input range 1 MHz to 1.5 GHz

 Dual RF output or reference sample output available

» +12 dBm standard output power +16 dBm available

« Standard module size 2.25 X 2.25 X 0.5 Inches [LxWxH)

« Standard operating temperature -10 to 60 °C, -40 to +85 °C
available

Applications: .
« SATCOM, RADAR, MICROWAVE RADIO .

*
16 - 30 GHz with added x2 module < 1” in height.

12.8 GHz Phase Noise

-100

fin
o
15}

Phase Noise (dBc/Hz)
W N
[=) o

-140 -

-150

-160 -+

100 1000 10000 100000 1000000 10000000
Offset Frequency (Hz)

Talk To Us About Your Custom Requirements.



FEATURED

The information you need, from industry experts

ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

An Interview with Analog Devices
Discussing RF Electronics for
Phased Array Applications

COPPER MOUNTAIN
TECHNOLOGIES

TRL Calibration of a YNA

[JIMini-Circuits’

Q-TECH

CORPORATION

Putting Crystal Oscillators in Their
Rightful Place

NewSpace Terminal Testing Challenges
and Considerations

Fundamentals of Spectrum Analysis

Check out these new online Technical Papers
featured at MWJournal.com

CatalogUpdate

Wi-Fi Convergence with
IoT and 5G

This eBook presents a number of
products and technologies that en-
able Wi-Fi, loT and 5G wireless sys-
tems to work together without in-
terference. New filter and front-end
modules are key products that enable
these wireless technologies to work
together seamlessly. The first two
articles feature products that allow
these wireless technologies to work
together with excellent performance;
followed by a short update on the release of Wi-Fi 6; and it fin-
ishes with a thorough article covering the various Wi-Fi and loT
deployment synergies.

Qorvo
mwjournal.com/ebooks

New Product Guide -~

JVENDORVIEW

Go anywhere Arbitrary-Waveform-
Generators (AWGs) with 24V output
swings! In the catalog 2020, Spec-
trumg Instrumentationgfeatures Ir1zour @T‘?f“i .T.B.o.M
brand new LXI-based AWGs for high

amplitude signals. Using the latest

16-bit DACs, the DN2.657 models offer up to 125 MS/s and the
DN2.654 units work with up to 40 MS/s. Both speeds are avail-
able with four or eight fully synchronous channels. An optional
12V or 24V power supply is available.

Spectrum Instrumentation
www.spectrum-instrumentation.com/en/news

New SPINNER Air
Traffic Control Catalog
\WJVENDORVIEW

Today's high air traffic densities can
only be managed with the aid of
extremely reliable components that
fully exploit the potential of digitiza-
tion. The new RF rotary joints from
SPINNER are virtually maintenance-free when equipped for con-
tactless transmission of data and power. Their features include
real-time gigabit Ethernet for handling the steadily expanding
data volumes involved. They are also well-known for the excep-
tionally high quality and precision of their mechanical parts and
their excellent signal transmission properties. Learn more in our
new ATC Catalog.

Spinner Group
www.spinner-group.com
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COUNT ON POLYPHASER

PolyPhaser is on Standby Readiness to Support Your Network

IN'AN EMERGENCY-
REDUGE NETWORK DOWNTIME

Quality RF and data line surge protection products available for
online purchase

Reliable surge solutions in stock for same-day shipping
24/7 live customer support

Nationwide engineering support to deliver the right technology
for your network

More than 40 years of expertise in mission critical communications

When network reliability is a requirement, count mser
on PolyPhaser! Contact PolyPhaser online at

www.polyphaser.com or directly at +1 (208) 635-6400. an INFINIT@ brand
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NEW

PROD

UCTS

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

COMPONENTS

75 Ohm Trminations

BroadWave Technologies Inc. introduced two
new lines of 75 Ohm terminations. Model
572-375-001 features an N male RF
connector and model 572-376-001 features
an N female RF connector. Both devices are
75 Ohm, DC-4 GHz, 1 W average power,
exhibit 1.35:1 maximum VSWR with an
operating temperature range of -55°C to
+100°C. Delivery for up to 25 pieces is from
stock to 1 week ARO.

BroadWave Technologies Inc.
www.broadwavetechnologies.com

Quadrature Mixer

Model SFQ-75311415-1010SF-N1-M is a

W-Band quadrature mixer that covers the

frequency range of 75 to 108 GHz. The typical
conversion loss of the

s quadrature mixer is
5 ™ 15dBwithan LO
. & ®  driving power of +15

£ ’% dBm. Since the IF
a @™ .. port of the quadrature
w mixer is DC coupled,

the mixer can be used
as a phase detector.

In addition, the mixer can be readily

configured into an image rejection mixer or

single sideband modulator by adding an IF

quadrature coupler.

Eravant

www.eravant.com

Right Angle SMA Attenuators
VENDORVIEW

MECA expands its
series of 2 W SMA
right angle attenuators
to include non-stan-
dard/odd dB values
from 1-32 dB. The
662-dB-1RA series
attenuators cover all
wireless applications
from Hz to 4.0 GHz
Made in the U.S., 36
month warranty.

MECA Electronics Inc.
www.e-meca.com

108

Front-End Module
)VENDORVIEW

T i

Mini-Circuits’ model DVGA3-122+ is a
miniature front-end multichip module with a
wide 31.5-dB gain-control in 0.5-dB steps
from 900 to 1200 MHz. It combines a
low-noise amplifier, voltage-controlled
attenuator with 6-b serial control, and
reflectionless lowpass filter in a low-profile,
32-lead MCLP package that measures 5 x 5
x 0.89 mm and is a good fit for densely
packaged printed-circuit boards. It operates
from a single 5-V DC supply and provides
+15.6 dBm output and +28 dBm third-order
intercept (IP3) at 1 GHz.

Mini-Circuits

www.minicircuits.com

5.0 to 10.0 GHz Hybrid Coupler
J/)VENDORVIEW

PMI Model No.
QC-5010-NFF is a 5.0
to 10.0 GHz hybrid
coupler. It has a
maximum insertion
loss of 1.1 dB; a
minimum isolation of
16 dB; Amplitude
Balance: +0.75 dB Max. - Measured +0.5
dB; Phase Balance: +5 Max; VSWR: 1.50:1
Max: and Power Handling: Average: 75 W
Max and Peak: 3 kW Max. Contains N
female connectors in a housing that
measures 1.870” x 1.315” x 0.787.”
Planar Monolithics Industries Inc.
www.pmi-rf.com

75Q Absorptive Switch

The QPC4270 is a
high isolation Silicon
on Insulator (SOI)
single pole single
throw (SPST) 75Q
absorptive switch
designed for use in
CATV, satellite set top
and other high
performance communications systems,
provided in a low cost small 6-pin DFN
package.

Qorvo

WWW.(orvo.com

QONVo g
QPC4270

Miniature SPDT Switch Line

RLC Electronics
introduced an
addition to its
miniature SPDT
switch product line.
This switch is offered
in a unique package
with connectors in a
“T” configuration for ease of connection/
mating at the system level, and is a perfect
drop-in replacement for pin diode switches.
The switch is offered in both surface mount
and connectorized versions and operates
from DC-18 GHz. Standard options are
available include Indicators and TTL Drivers.
The switch measures 1”x 1”x 0.90.”

RLC Electronics Inc.
www.RLCelectronics.com

SpaceNXT™ MWC Series
\)VENDORVIEW

Addressing the need

A= to create a stream-
8 &g lined procurement
suit : e
ﬁ’, e experience by shifting
& the testing responsi-
5. v bility away from the

customer, Smiths
Interconnect announced the release of its
SpaceNXT™ MWC Series of high reliability
multi-way isolated splitters in high-frequency
Ku bands. The SpaceNXT™ MWC Series is
specifically designed for a variety of space
applications from MEO/GEO satellites to
deep space probes. It can be supplied to
recognized testing sequences, so simplifying
the specification and definition process.
Smiths Interconnect
www.smithsinterconnect.com

CABLES & CONNECTORS

UltraPhase / Phase 3 / Vast Array

MegaPhase designs
and manufactures a
wide variety of cable
assemblies through
110 GHz. Best known
for test and measure-
ment products,
including RF Orange®, Killer Bee™, and VNA
test port extension cables lead the lineup.
MegaPhase offers much more than test
cables. MegaPhase is a leading provider of
cables for applications such as space,
airborne radar, advanced EW and communi-
cations. Leading the lineup are UltraPhase™
to 110 GHz with linear phase versus
temperature. Also ultra low loss Phase3™
through 70 GHz.

MegaPhase

www.megaphase.com
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™M Fully Support WiFi 6E, 5G/4G/3G Base Stations

™ Diversified Phase Distributions & I/O Structures, up to 64x16 Matrix Crossover

M Excellent Phase Accuracy, Amplitude Balance, VSWR & Insertion Loss

M High Power Handling: 20W
™M Custom-design Available

i
Typical Performance

o 4xd o 8x8 *16x16 *32x16 * 64x16 Frequency Structure Phase Accuracy Insertion Loss

» 2N . 2 16x16 1
2-8 4x4 +6° 7.8 dB
® 1.7'2.2 .2.3'2.7 .2'6 .2'8 2.8 8x8 +172° 12.5 dB
*3.3-38 445 526 +24-52 2.496-2.696  32x16 +4° 19 dB

affiliated with (aIpl

More Infor at{nn- : n, ) Fuzhou Micable Electronic Technology Co., Ltd,

ontent 1S COfsA otected and provided for personal use only - not for reproduction or retransmission.
Scan the QR Code Tel: E}éﬁg}lﬂg% 898 kmal :%ﬁ]ﬁa@{mc ble.cn Website: www.micable.cn



NewProducts

Low PIM Series of Armored Test
Cables

Micable developed a
series of DC-6 GHz
low PIM armored
test cables. As an
example, for 1 meter
N/male to 4.3-10/
[z male connector cable,
specification is PIM
-165 dBc max. (tested at -173 dBc), VSWR
< 1.25:1 and insertion loss 1.5dB max. The
cable is flexible with 50 mm mini. bend
radius and @10 mm armor diameter.
Micable sells at $105 each with stock to
four weeks delivery. Other available
connectors include 4.3-10/female, L29/
male and SMA/male.

Fuzhou Micable Electronic Technology Co. Ltd.

www.micable.cn

Cable Assembly with 2.40 mm
Connectors

Samtec announces a
new high-performance
cable assembly with
performance up to 50
GHz using both Male
and Female 2.40 mm
connectors. The
RF23C Series uses
cable manufactured in their Wilsonville,
Oregon facility, which is a flexible low-loss
alternative to RG405 semi-rigid cable.
According to their on-line characterization
report, 12-inch assemblies typically exhibit
less than 1.3:1 VSWR and just over 2 dB of
insertion loss up to 50 GHz.

Samtec

www.samtec.com

AMPLIFIERS

Gallium Nitride (GaN) Amplifier

o COMTECH PST
1 introduced a new
“f Gallium Nitride (GaN)
ax amplifier for applica-
tions in the X-Band
radar market. The AB
linear design operates over the 9.0-10.0
GHz frequency range intended for use in
radar applications. The amplifier design
features include pulse width and duty factor
protection as well as thermal and load
VSWR fault monitoring. Consistent with its
planned technology development roadmap,
Comtech is leading the field with the latest
in GaN-based RF device performance and
advanced amplifier development.
COMTECH PST
www.comtechpst.com

4 KW S Band SSPA
YJVENDORVIEW

‘KW Empower’s model
2176 is a compact
high power GaN on
SiC solid state CW
amplifier. Standing 27
in. tall, it is less than
half the size of the

= -
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* 15U chassls [ 27 in

sirie VBB TVROMME
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o

typical legacy uplink HPA’s that it replaces.
The slightly broader band brings flexibility to
transmit in either of the two uplink
channels. Besides the dramatic size
reduction, the upgrade from legacy design to
a next generation SSPA from Empower RF
brings greater reliability and improved
spectral purity for increased data rates.
Empower RF Systems
www.EmpowerRF.com

Solid State Power Amplifier System
YVENDORVIEW

Exodus AMP4072 is
designed for
broadband EMI-Lab,
Comm. and EW
applications. Class A/
AB linear design for
all modulations &
industry standards. Covers 26.5 to 40.0
GHz, nominal powers 10W rated, 6W P1dB,
with a minimum 40dB Gain. Excellent gain
flatness, optional monitoring parameters for
forward/reflected power, voltage, current and
temperature sensing for superb reliability
and ruggedness. Integrated in a compact 2U
chassis weighing <10 Kg.

Exodus Advanced Communications
www.exoduscomm.com

Tri-Ba

EXOD

ADVANCED CO

Best in Chuss BF Ampil

nd RF Power Amplifiers

Microwave Amps offer its AM4 range of
wideband GaN amplifiers in a convenient
chassis for general purpose high-power test
and measurement, and where wideband RF
power is needed in ECM systems. The AMR
offers three bands which can be used
separately or simultaneously, each having
dedicated input and output ports. Standard
bands are 20-500 MHz, 500-2500 MHz and
2000-6000 GHz, but the AMR can be
configured with any combination of its AM4
models spanning the 20 MHz to 12 GHz
range, with output power levels of 25 W or
50 W.

Microwave Amps Ltd.

www.maltd.com

Class AB High Power Amplifiers
YVENDORVIEW

Pasternack, an Infinite
Electronics brand and
. a provider of RF,
o microwave and
- millimeter wave
& products, has just
launched a new
series of high power,
Class AB broadband amplifier modules that
incorporate GaN, LDMOS or VDMOS
semiconductor technology. The combination
of high linearity and efficiency with low
distortion over a wide dynamic range make
them ideal for a variety of applications
including communications systems, military
radio, radar, signal jamming, test and
measurement and base stations.
Pasternack
www.pasternack.com

.“z :
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Gain Block
)VENDORVIEW

RFMW announced
availability of a
broad-band gain block
from Microwave
Technology. The
MMA-062020 GaAs
______ MMIC gain block
provides nearly 20
dBm of saturated output power over its full
6 to 22 GHz frequency range. Optimally
designed for broadband applications
requiring flat gain with excellent input and
output port matches, the MMA-062020
provides 14 dB of gain with typical gain
flatness of + 0.8 dB. P1dB output power
measures >18 dBm with OIP3 of 28 dBm.
Operating from a 5 V drain-supply, this
general purpose amplifier is offered as a
0.92 x 0.92 mm DIE.

RFMW

www.rfmw.com

SEMICONDUCTORS

650 V SiC Schottky Diodes

Richardson RFPD Inc.
announced the
availability and full
design support
capabilities for the
sixth generation
family of SiC Schottky
diodes from Wolf-
speed, a Cree
Company. The C6D family of 650 V SiC
Schottky diodes is based on Wolfspeed'’s
innovative, robust and reliable 150 mm SiC
wafer technology. The latest C6D technology
offers low forward voltage drop (VF = 1.27 V
at 25°C) that has a significant impact on the
reduction of conduction losses.
Richardson RFPD
www.richardsonrfpd.com

Wolfspeed

_E!idun‘lwdﬂ’o

SYSTEMS
AVS-4000 Software Defined Radio

Avid Systems Inc.
announced the
AVS-4000 Software
Defined Radio. The
AVS-4000 is a USB
Q type C radio that has
independent transmit
and receive capability
from 1 MHz to 6 GHz
with over 50 MHz of bandwidth. The
AVS-4000 uses Vita 49 transport and
includes accurate time stamping. The
AVS-4000 is packaged into a rugged
2.5"x3.5” aluminum chassis, draws 2.5 W
typical and weighs 4.5 ounces. The
AVS-4000 has an integrated GPS receiver
that is used to discipline the local oscillator,
provide timing and location. In addition, the
AVS-4000 has an external 1PPS and 10
MHz inputs. The AVS-4000 has five
selectable RX and TX preselection filters.
Avid Systems Inc.
www.avid-systems.com
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NewProducts

77 GHz FMCW Radar Warning Receiver
J)VENDORVIEW

Today’s automotive and transportation
systems rely on high-reliability/high-perfor-
. mance radar. Target tracking, collision threat
prediction, configurability and cost along are
critical. In conjunction with Mobile Technology
Solutions, RFE developed a 77 GHz frequency-
modulated continuous wave radar system that exceeds the
standards in the marketplace. With over 150 meters of range, RFE’s
automotive radar platform is unaffected by vehicle glass and a
custom designed antenna/lens system eliminates the alignment
issues common with strip-line configurations.
RFE
www.rfe-mw.com

SOURCES

Ultra-Small Low Noise Low Power OCVCSO

IQD Frequency Products has launched a range
of high frequency Oven Controlled Voltage
Controlled SAW Oscillators (OCVCSOs). Three
frequencies are currently available in the
OCVCSO series, 400 MHz, 800 MHz and 1.2
GHz and they are packaged in a 25.4 x 22 x
13.2 mm industry standard SMD package. These OCVCSOs have a
noise floor of 10 dB to 15 dB lower than an OCXO at the same
frequency, enabling a much improved phase noise performance for
applications such as radar detection systems.

1QD Frequency Products

www.iqdfrequencyproducts.com

X09095 0CXO Series

MtronPTI introduces a small form factor high
frequency X09095 OCXO series that has
M multiplier stages to generate high frequency
signal between 200 MHz to 6 GHz. XO9095
OCXO series offers exceptional stability, low
phase noise and low-g sensitivity. Key
features include standard frequencies: 1 GHz,
1.28 GHz, 2 GHz, 4 GHz, 6 GHz, various custom output frequencies
available up to 6 GHz, low phase noise, low aging and low spurious.
Applications include radar, GPS, test equipment, EW and satcom.
MtronPTI
www.mtronpti.com

Dual Output Frequency OCXO Module

Morion MV359 integrates two precision,
ultra-low phase noise OCXOs at 10 MHz and
100 MHz. It utilizes a phase locked loop (PLL)
to lock the 100 MHz OCXO to the 10 MHz
OCXO. This configuration simultaneously
facilitates exceptional frequency stability over
temperature, long term frequency stability
(aging), low “close-in” phase noise and
excellent short term stability (Allan Deviation-ADEV) that is inherent
in low frequency crystal oscillators (10 MHz), as well as excellent
phase noise floor provided by a high-frequency crystal oscillator
(100 MHz).

Morion US

www.morion-us.com

ULPN Surface Mount OCXO0

The ULPN surface mount OCXO is ideal for
By .

applications that include instrumentation,
radar, high end synthesizers, telecommunica-
tion systems and data communications.

NEL Frequency Controls Inc.
www.nelfc.com
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SIXDAYS B THREE CONFERENCES B TWO FORUMS MW ONE EXHIBITION

X

EUROPE'S PREMIER
MIGROWAVE, RF,
. WIRELESS AND
RADAR EVENT

4
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The European Microwave Exhibition
(15th - 17th September 2020)

¢ 10,000 sgm of gross exhibition space

e Around 5,000 attendees IAARBEUHS “T“Ec"'l'
, -2, C
© I excess of 300 ntemational exibiors THE NETHERLANDS

(including Asia and US as well as Europe)

INTERESTED IN
EXHIBITING?

For International Sales:
Richard Vaughan,

International Sales Manager
E: rvaughan@horizonhouse.co.uk
Tel: +44 20 7596 8742

or visit www.eumweek.com
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NewProducts

Arbitrary Waveform Generators

Y)VENDORVIEW

- The ability of Arbitrary
Waveform Generators
to recreate virtually
any waveshape
makes them
especially useful as signal generators in
today’s sophisticated electronic systems.
Spectrum Instrumentation recently released
four new models in its generatorNETBOX
family with output swings of up to 24 volts
on up to eight channels, to cover even the

most demanding test applications. The new
units use the latest 16-bit Digital-Analog-
Converters and offer two different speed
ranges; the DN2.657 models output
waveforms at rates up to 125 MS/s while
the DN2.654 units have a 40 MS/s
capability.

Spectrum Instrumentation GmbH
www.spectrum-instrumentation.com/en

Voltage Controlled Oscillator

VCO'’s featuring
excellent phase noise
and available in
planar, ceramic or
SAW resonator
construction. Most of
these products

MICRO-ADS

Lap shear strength
3,600-3,800 psi

Tensile modulus
450,000-500,000 psi

& MASTER

+1.201.343.8983 » main@masterbond.com

www.masterbond.com

TRANSIENT IMMUNITY
TESTERS

The Avtech AVRQ series of high-voltage,
high-speed pulsers is ideal for testing the
common-mode transient immunity (CMTI) of
next-generation optocouplers, isolated gate
drivers, and other semiconductors.

Unstable optocoupler
DUT logic output!

5 Vidiv \ [P e |
-1.5 kv pulse from

model AVRQ-5-B,
with < 10 ns fall time.

500 V/div
40 ns/div

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

Nanosecond Electronics Since 1975
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RF Amplifiers, Isolators and
Circulators from 20MHz to 40GHz

> Super low noise RF
amplifiers

» Broadband low noise
amplifiers

» Input PIN diode protected low
noise amplifiers

» General purpose gain block
amplifiers

» High power RF amplifiers
and broadband power
amplifiers

> RF isolators and
circulators

> High power coaxial and
waveguide terminations

» High power coaxial
attenuators

» PIN diode power limiters

» Active up and down
converters

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

WE ARE GOING TO THE EDGE
Our next stop is PLUTO!

CASSINI-

Go with confidence use
Sector Switches

SECTOR MICROWAVE IND., INC.
WWW.SECTORMICROWAVE.COM
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utilizes its patented REL-PRO®technology
surface mount footprint design. Synergy can
also customize an oscillator according to
your specific requirements.

Synergy Microwave Corp.
www.synergymwave.com

ANTENNAS

Sectorial Antenna

In order to meet
optimum network
performance and
capacity enhancement,
HUBER+SUHNER
provides multi-band,
. multi-beam as well as
multi-port antenna
solutions with best in
class electrical
performance for
different cellular
applications and
various deployment

. - scenarios (urban,
sub-urban, rural, etc.). The wide product range
of Sectorial, In-Building and Distributed
Antenna Systems is complemented by radio
frequency jumpers, cables, connectors and RF
components. In addition to DAS, ODAS or
Small Cells, HUBER+SUHNER is capable of
doing customized cost effective designs of
compact and light weight antenna with
optimum wind load capacity, with fast
turn-around time for samples.
HUBER-+SUHNER AG
www.hubersuhner.com

TEST & MEASUREMENT

IEEE 802.11ax Compliant WLAN
Signaling Test Solution

Y)VENDORVIEW

The greatest innovation in IEEE 802.11ax
(Wi-Fi 6) compliant WLAN transmission
technology is the introduction of orthogonal
frequency-division multiple access (OFDMA)
technology, a multi-user variant of the
orthogonal multiplexing scheme previously
used in wireless LANs. By sharing the
available bandwidth, multiple users can be
active at the same time. This technology
presents new challenges for developers of
WLAN devices and significantly expands the
scope of testing for the certification of Wi-Fi
6 devices.

Rohde & Schwarz
www.rohde-schwarz.com
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TECHNICAL EDUCATION TRAINING

How to Select RF Materials to Minimize
Glass Weave Effect on PCB Antennas for
mmWave Automotive Radar

TECHNICAL EDUCATION TRAINING

Antenna Array Simulation in the
COMSOL® Software

NIRRT Y@ COMSOL

Now On Demand

Deep Learning for Radar and Communications
Sponsored by: ‘MathWorks*

Presented by:
Rick Gentile, Senior Product Manager, MathWorks

Sponsored by: Q ROGERS

CORPORATION

TECHNICAL EDUCATION TRAINING

Small Satellite System Architectures:
Designing for Testability

microwavejournal.com/events/1943

Make ideas rea

Sponsored by, @

Register to attend at mwjournal.com/webinars

FEATURED

MicrlfPwave
Journal

Micr®Pviave
Journal eBook

and B
Design and Simulation

5 Ways to Address 5G
Interference Issues

mwjournal.com/ebooks



Industry

ARARRRNREN
June 23, 24, and 25, 2020, O IMS sancees
Los Angeles Convention Center

The Industry Workshops are a unique conference track at the IMS that focusses on the practical talks
that help working engineers solve complicated problems in the microwave field

Participating companies include:

Tuesday

e COTS Phased Array Radar System Design and Measurement Using Model-Based Engineering [A)EGIE:OE%

e Analytical vs. numerical techniques for beamforming optimization in phased arrays

e Automotive Radar |Q Data Simulation for Performance Analysis AHEAD OF WHAT'S POSSIBLE™

e Multi-Channel mmWave EW Receiver Workshop NoO |(|WC] ve
L4 Understandlng 5G System'LeVeI Evaluat|0n mmW Solutions. Enabling a new world
e Hybrid Beamforming for 5G Systems

e Optimizing System Performance for Emerging Wideband mmWave Applications /I n rl tSU
e RF and mmWave Frontends: efficient RF power amplifiers and affiliates envision:ensure

e Achieving Electromagnetic Compatibility (EMC) for 5G Devices

— @
e Phase-Noise Theory and Measurement Workshop c a d e n c e

e |ntegrated Passive Devices (IPD) for 5G RF Front-end Designs s
e Enabling Technologies for Silicon Beamformers for 5G and Satcom Systems Wolfspeed.
Wednesday EMPOWER
e Learn 5G Signals, Demodulation and Conformance Tests with the VSA RF SYSTEMS, INC.
* Addressing Calibration and Measurement Challenges of Broadband On-wafer VNA Measurements N .
up to 220 GHz SNETS-LINDGREN
¢ High Power Solid State Amplifier Advances in Technology
KEYSIGHT
¢ Cryogenic measurement challenges for quantum applications TECHNOLOGIES
e Design Tutorial for a High-Efficiency GaN Doherty Power Amplifier
e Redefine OTA: Innovative testing solution for 5G NR mmWave - Lake Shore
CRYOTRONICS

e Understanding 5G New Radio (NR) Release 15-16 Standards
e Designing GaN on SiC MMIC Power Amplifiers Using the Cree-Wolfspeed MWO PDK 4\ MathWOI'kS@
e System-level and Module-level RF/microwave design flows integrating circuit/EM and thermal analysis

'\ ) Maury Microwave

Thursday

e Best practices for thermal on wafer S-parameter measurements MPICORPORATION
e Challenges of Modern Wireless Devices

» mmWave Over-the-air (OTA) test - best practices for fast and reliable results ’WN?-H!%%EINTS
e Measuring S-Parameters and Power with Uncertainty

e Practical GaN Power Amplifier Design - Modeled vs Measured Performance, Tricks and (9 OP TENNI

Tips for Avionics and Satcom Applications

e Best Practices for Efficient EM Simulation T M YT E K

L o microwav
For additional information visit ims-ieee.org Crowave
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IMS 195 ANGELESS
Connecting Minds. Exchanging Ideas. N ew' CONNECTIVITY MATTERS O

Technical Lectures at IMS and RFIC 2020!

“N-PATH MIXERS AND FILTERS:

“FUNDAMENTALS OF PHASED ARRAYS” ‘i' “QUANTUM COMPUTING: AN RF "J. i o P
. . . . A n . CONTROL PERSPECTIVE” I - CONCEPT, THEORY AND
Marinos Vouvakis - University of f v, i . APPLICATIONS” w_‘
Massachusetts Amherst " Evan Jeffrey - Google Inc. *".\ i 2 ¥
i ¥ “)3:: ‘ [
E;, ~ “TRENDS IN AUTOMOTIVE RADARS: | “SILICON-BASED MILLIMETER-WAVE ﬁ 4 L. UNDERSTANDING OSCILLATOR

WAVEFORM, SYSTEM IMPLEMENTATION,
v -;;"“f AND IC TECHNOLOGIES”

PHASE NOISE AND LOCKING”

- PHASED ARRAY DESIGN” ;ﬂ_
~ Bodhisatwa Sadhu - IBM T. J. Watson

.1-- gl
. L -

“TAXONOMY OF RF RECEIVERS: FROM
BASICS TO LATEST TECHNIQUES”

~ Cicero Vaucher - NXP Semiconductors ?;"_i .« Research Center
- e ot "N 1
2 J‘ Fr
“ T A\ il e

*
»

-

I‘
e u WITH EM SIMULATION” i*/“-';'a:: LS} v

“INTUITIVE MICROWAVE FILTER DESIGN :*:::h )
=

" Daniel Swanson - DGS Associates, LLC 9'"; Peter Kinget - Columbia Umvers:ty %’, 7
i s LM . e, 7 RN | A eIV :

IMS2020 has introduced Technical Lectures to create a unique opportumty
to get a condensed, curated technical look at current RF and microwave
design topics taught by the top researchers.

REGISTER BY 26 MAY 2020 AND SAVE 30%!

FOR THE LATEST ON IMS AND 7\f7\:

MICROWAVE WEEK VISIT WWW.IMS-IEEE.ORG

21-26 JUNE 2020 | LOS, ANGELES, CA




BookEnd

Microwave Power Amplifier Design with
MMIC Modules

Howard Hausman

Hausman, a microwave engineering consultant and professor of engineering,
outlines the theory and technology needed to select, integrate and optimize
the design of solid state power amplifiers (SSPAs) using microwave monolithic
integrated circuit (MMIC) modules configured on microstrip transmission lines. He
explains SSPA applications, configurations, specifications and documentation used
to start the product design; microwave design concepts and microwave theory relat-
ing to the design of microwave power amplifiers using MMIC modules; the design
of power amplifiers using MMIC modules; and the interface of an SSPA with other
system components, including issues with DC power supplies, monitoring circuits and

electromagnetic interference compatibility.”

Protoview

SSPAs are a critical part of many
microwave systems. Designing
SSPAs with MMICs has boosted
device performance to much higher
levels focused on PA modules. This
cutting-edge book offers engineers
practical guidance in selecting the best
power amplifier module for a particular
application and interfacing the select-

ed module with other power amplifier
modules in the system. It also explains
how to identify and mitigate periph-
eral issues concerning the PA modules,
SSPAs and microwave systems.

This authoritative volume presents
the critical techniques and underpin-
nings of SSPA design, enabling pro-
fessionals to optimize device and sys-

HAVE A TOUGH ENGINEERING

TURN TO ARTECH HOUSE FOR DESIGN
SOLUTIONS FOR YOUR TOUGHEST

ENGINEERING PROBLEMS
VISIT WWW.ARTECHHOUSE.COM NOW TO SEE OUR COMPLETE

BOOKLIST AND TO SAVE 30% ON ANY PRINT BOOK
USE PROMO CODE MWJ30

ﬁARTECH HOUSE
BOSTON | LONDON

OVER 40 NEW BOOKS PUBLISHING IN 2020 IN RF/MICROWAVE,
ANTENNAS, RADAR, DEFENSE, POWER ENGINEERING,
COMMUNICATIONS AND MORE
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To order this book, contact

Artech House
www.artechhouse.com
Email: artech@artechhouse.com
US 800-225-9977
UK +44 (0)20 70596 8750

ISBN: 978-1-63081-346-8
384 pages
$169
£135

Use code HAU25 to receive
25% discount on this title!
(expires 05/31/2020)

tem performance. Engineers gain the
knowledge they need to evaluate the
optimum topologies for the design of
a chain of microwave devices, including
power amplifiers. Additionally, the book
addresses the interface between the
microwave subsystems and the primary
DC power, the control and monitoring
circuits and the thermal and EMI paths.
Packed with 240 illustrations and over
430 equations, this detailed book pro-
vides the practical tools engineers need
for their challenging projects in the field.

CHALLENGE?

10 R URARERP R Rer1L 2020



'AdVancing Technology
roRlamanity

» Fundamentals of Real-Time Operating
Systems (RT201)

o Design Thinking For Technical Work
o Verilog 101: Verilog Foundations

o SystemVerilog 101 (SV101): Design Con-
structs

o SystemVerilog 102 (SV102): Verification
Constructs

o High Performance Project Management
e Introduction to Embedded Linux

o Software Development for Medical Device
Manufacturers

o Fundamental Mathematics Concepts Re-
lating to Electromagnetics

o Reliability Engineering for the Business
World

o Embedded Linux Optimization

o Embedded Linux BSPs and Device Driv-
ers

» I E E E Boston Section

Professional Development

& Education for Advancing

Your Career

SPRING 2020 COURSE LINE-UP

Pr t
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Ramping up Capacity at BAE Systems

n the spring of 2019, when the ribbon

was cut signifying the official grand open-

ing of BAE Systems' Microwave South
(MWS) factory in Nashua, N.H., another
important milestone in the Ramp 2 Rate initiative was
achieved-adding state-of-the-art capability and capacity
to an already impressive suite of microelectronic assembly
and test automation.

The Ramp 2 Rate initiative spanned over two years, and
$100 million of investment in new capital and facilities,
expanding BAE Systems’ Electronic Warfare Integrated
Manufacturing Center (EW-IMC) and Class 100,000
cleanroom footprint, as well as increasing the number of
microwave lines from three to 10 in anticipation of the
unprecedented growth in demand for the radio frequency
electronic warfare product lines.

The new MWS facility added 16,000 square feet of
Class 100,000 cleanroom space, bringing the total to
nearly 60,000 square feet. The facility is home to two
microwave lines dedicated to high volume manufacturing
of integrated microwave assemblies (IMA) and contrib-
uted significantly to the more than 700 percent growth
of complex IMAs completed over the last two years in
support of the warfighter.

The state-of-the-art microwave lines in all BAE Sys-
tems microwave facilities employ automation for epoxy
dispense, bare die pick and place of GaAs and GaN MMICs
and other passive components containing air bridges, gold
wire and ribbon bonding, as well as inspection and electri-
cal test. Everything is designed to minimize touch times,
unit variation, potential for defects, tuning and test
times, while improving overall process repeatability and
quality.

To meet the demand growth and staff the facilities and
capital expansion, as well as ensure that BAE Systems’
microelectronics workforce is continually trained to the
latest quality standards and operations processes, the

122

company established a Microwave Train-
ing Center that resides in MWS. This
provides operators access to train on
the exact same equipment that they will
be using to manufacture BAE Systems’ advanced prod-
ucts.

To develop the necessary workforce skills, a few years
ago company officials joined forces with Nashua Community
College and created the Microelectronics Boot Camp. The
10-week, non-credit course is designed to help people learn
the skills needed to work in the advanced manufacturing
field. The intensive program teaches students basic military
standards and assembly techniques for radio frequency and
microwave electronic assemblies.

In addition to providing both compliance and hands-on
training to the workforce that assembles, inspects and
tests the products, BAE Systems employs teams of tech-
nical experts in the process and test engineering disciplines
within the product lines to drive continuous improvement
activities through a combined approach. While improved
capability and scalability were targeted in the microwave
expansion, forward-looking re-configurability was also
planned to enable flexibility as demand profiles and product
mix changes. The ability to shift equipment within product
lines or shift entire product lines was built into the facility
infrastructure via a grid array of ceiling locations for electri-
cal power and gas connectivity.

The Microwave West renovation in process is planned for
completion this year-and leverages the work done in MWS
and other prior microwave facility and capital upgrades,
resulting in a set of five scalable state-of-the-art, highly
automated BAE Systems microwave facilities. BAE
Systems is at the forefront of technology and innovation
in manufacturing and design of RF/microwave products
and able to ramp out quickly to meet new demand and re-
configure for new projects.
www.baesystems.com
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MILITARY AND AEROSPACE
INTERCONNECTS AT THE READY

From high-volume production, to low-volume
customized products, MilesTek is your source
for military, aerospace, communications and
industrial interconnect solutions. With quick
turnaround and same-day shipping from

our stock of more than 10,000 highly reliable
products, MilesTek is at the ready to help
meet your project deadlines.

The MilesTek Advantage:

Large In-Stock Inventories
Same-Day Shipping
Prototype Development
CAD Design Capabilities
Multiple Testing Solutions
Expert Technical Support
AS9100 Certified

SO 9001:2008 Registered

Miles

866-524-1553 « MilesTek.com an INFINIT® brand

Available for Same-Day Shipping!



TRUE RMS DIGITAL IN-LINE POWER METERS

Optimal Accuracy + 40 dB Dynamic Range + No Calibration Required

Simultaneous Monitoring of Forward Power, Reverse Power,
Load VSWR, & Temperature

ACCURACY

* 42 Frequency Set Points provide accuracy within
+ 2% of a Customer Lab Standard.

* Multi-Octave Solutions provide accuracy within
+ 5% of a Customer Lab Standard. W wertaTon:
* Set Points can be specified by the customer at 2t

s

time of order or prior to receiving a quotation.

CALIBRATION

* No On-Site Calibration Required.

+ Calibration Routine completed internally to each
Power Sensor.

* Traceable to National Institute of Standards &
Technology (NIST).

ALARMS & RELAYS

* Set Alarm Thresholds of Forward Power &
Reverse Power.

* Full VSWR Monitoring/Alarm Capability.

* Full Temperature Monitoring/Alarm Capability.

* Six General Purpose Inputs/Relays to serve

multiple functions. WERLATONE JIEZT e —
Frequency:| 100000  |MHz (ser
FI RMWARE Pulse Width (uSec) 0.001 Pulse Rep Rote (4Sec) [0.001 SET
* Windows Application includes an ergonomic Forward Power Reflected Power  VSWR
tab-based access system for easy setup and 25.0KW oMW 1531
; 25 Pulse 511 Pulse
Oper.atl.on of the Power Meter. . Internal Temp 78'F  External Temp1 -58'F External Temp 2 -58'F
* Multi-Window Display for access to up to five setpoints T Nopistatus  Bcontok
Meters on screen. ¥ Internal Temperature »= 150°F | | £ INPUT 1 N Transmitter
. . . v External Temperature 1= 150°F | |65 INPUT 2
* VSWR Indication & Reflected Power on main FodaraTamnscurge sorl e NUTs
display. ¥ Forward Power » 132w | .65 INPUT 4 3-Strike: 0
R . . ¥ Forward Power ¢ 0000W [ 85 INPUT 5
Updated MIB SNMP File available for P Y| Ty

functionality and use with SNMP software.
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