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We are making high performance microwave and
millimeter wave filter and antenna products for
4G and 5G applications.

- Diplexers with Built in Coupler and OMT: Low lnsertlon loss ( < 1.0 dB); hlgh
~isolation ( > 35 dB); compact deS|gn

- Tunableg Filter: Large tunning range ( > 10%); low VSWR; high out of band

rejection; low insertion loss; constant bandwidth; compact design; high-

rellablllty

- Dielectric TE Mode Filter: Ultra low insertion loss ( Q>-10000); ultra small
temperature drift; small size.

~-5G Millimeter Wave Patch Array Antenna%fferent array conflguratlon dual
polarization; hlgh gain; beam scanning.

+= 5G Millimeter W@ve Fllter Desugned for 28 GHz system; low msertlon
loss ( < 2.5 dB); h}gh out of band rejectmn ( > 50 dB); ultra small size; light

welght (< 19).

Dielectric Microwave
TE Mode Filter

5G Millimeter Wave -
"Patch Antenna

Pattern of 5G Millimeter
Wave Patch Antenna

)
e

Diplexer with Built

in Coupler

Tunable Filter" |

Test Curve of
Tunable Filter

Diplexer with Built
in OMT

. 5G Millimeter
Wave Filter

Simulation Curve of
5G Millimeter Wave Filter

PIVOTOMNE

One Dream One World

www.pivotone.com

ape s



RUGGED SSRELTABT

MADIZINCEHI USAVEORTOVERSSEYIZARS !
MEEECEASSIMICROWAVEIEQUIRPMENTHCOMRONENESIOEPAMERICA!

Airborne Radar & Communications  Missile Guidance

Satellite Communications Military Electronic Countermeasures
Test & Measurement Research & Development

L, S, C, X, Ka & Ku

MIGSERIES PRODUGLS
(COMMERCIALIOEES T EISHELE)

Power Dividers/Combiners Attenuators Directional Couplers/Hybrids
M % ) f
" S S
gy A b @ R "?,
Up to 40 GHz 0.4 - 40 GHz
SN 2%%”3;;‘3 91":120 ENE SMA, 2.92, QMA, N, SMA, 2.92, QMA, N, TNC, BNC,
RPTNC 4.1/9.5 & 7/16 Up to 120 watts THC, BNt TG & /19 RPTNC & 7/16 Up to 500 wats
MIL-DT-23971 Available. Up to 150 watts. MIL-DTL-15370 Available.
Bias Tees Terminations Circulators/Isolators
| 3 A
@ '
! L ::l" |
L
Up to 6 & 18 GHz Hz-18 GHz Up to 40 GHz
SMA, 2.92mm, QMA, N, SMA & 7/16 Up to 250 watts SMA, 2.92, N, & 7/16
N,TNC, RP-TNC & 7/16 DIN. MIL-DTL-3903E Up to 250 watts.

MECA Electronics, Inc.
Mlcrowave Equipment & Components of America
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MILLIMETER WAVE

MMIC

PRODUCTS

MULTI-OCTAVE BANDWIDTHS
UPTO43.5 GHz

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

Now over 60 MMIC models In Stock
covering applications above 26 GHz
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EUROPEAN MICROWAV

SEE US AT
BOOTH#

[ JMini-Circuits

Content is c(ph8) gap160C teshiesi@gpminiciaclifis: gers onwhweanimlicireaitsucaproduction or retransmdlidev A_Show_P

For reprints please contact the Publisher.



RF-LAMBDA

THELEADER OF RF BROADBAND SOLUTIONS

UHF,L, S, CBAND

RFLUPADIM22GA RFLUPAO2GO6GC

4W0.1226H _ 100W26GHZ -~ _
..‘-I . ?;?'EQ,\-

140W 6-18GHZ / RFLUPAOT06ED

RFLUPAO218GA
10W 2.186H2 SOLID STATEBROADBAND 30W 0.7.66HZ

_.fy'

RFLUPADBGTIGA
50W 8-11GHZ g
RFLUPA18G47GC

2W18-476GHE by RFLUPA27G34GB
SN 15W27-346HL

RFLUPAOG18GC
25W 6.18GHZ

n ¥ - 1 B - =i = '
RFLUPAOGG12GE st RFLUPA28G42GA NEESESY .
25W 6-126HZ k4 2W 28-426H7 P

SYSTEM POWER AMPLIFIER

RAMPOOGOGGA -30W0.016GHZ RAMP39GA48GA-4W39-48GHZ  RAMPO1G22GA - 8W1-22GHZ  RAMP27G34GA - 8W 27-34GHZ

w. .com 1-888-976-8880  SanDiego, CA, LS - =
sales@rflambda.com  1-972-767-5998 ottawa, ONT, Canada =—es
See us at EUMW




FROM SURFACE MOUNT COMPONENTS
TO COMPLEX TESTRACK ASSEMBLIES

KoL)

mcompanv

VISIT US AT EuMW 2019
BOOTH #2005

IN TOUCH WITH YOUR FILTERING SOLUTIONS

%crowav& ”b" K&L

’P roducts _ _

(G\roup i ’%,PDLE
a TEEd company ) G\ ZEJ‘?&

ENABLING COMMUNICATION AND SIGNAL CONTROL

www.klmicrowave.com « www.kifilterwizard.com » 410-749-2424 « sales@kImicrowave.com « [ 1] &
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a pi @ Solutions for mission critical, radar, military defense, EW,

technologies corp. communications and SATCOM systems, avionics, and space platforms.
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RF, Microwave, Microelectronics
& Power Solutions

Components, Modules, Integrated Assemblies and Subsystems.

-Amplifiers, Filters, Passive and
Active Components

-Integrated Microwave Assemblies

«SAW Filters and Oscillators

-Optoelectronic Solutions

-High Temperature
Microelectronics

«Power Conversion and
Distribution

Call +1 (888) 553 7531 or visit micro.apitech.com | Check us out on social: f ¥ in
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Cover Feature

Extremely High-Power GaN Devices

Patrick Hindle, Microwave Journal Editor

Pioneering High Voltage GaN to Replace
Vacuum Electron Devices
Integra Technologies

160 W GaN PA Conquers the Thermal
Challenges of SMT Packaging

Qorvo

Technical Features

10

Computer-Controlled K-Band
Frequency Synthesizer Using Self-
Injection-Locked Phase-Locked
Optoelectronic Oscillator: Part 2

Afshin S. Daryoush, Tianchi Sun, Kai Wei and

Francis T. Pantano, Drexel University and Ajay K.
Poddar and Ulrich L. Rohde, Synergy Microwave

Corp.

September 2019
Vol. 62 * No. 9
Amplifiers &
Oscillators
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Sea Water

mmWave Technology Enables Faster,
Safer, Privacy-Conscious Travel

Sherif Ahmed and Andreas Schiessl, Rohde &
Schwarz

Prototyping an UWB Airborne Radar
for Snow Probing Using Modular
Building Blocks

F. Rodriguez-Morales, C. Carabajal, A. Paden
and C. Leuschen, Center for Remote Sensing
of Ice Sheets, University of Kansas; J. McDaniel,
Advanced Radar Research Center, University of
Oklahoma; A. Wolf and S. Garrison, Kansas City
National Security Campus
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7 NATIONAL
INSTRUMENTS

NI AWR Design Environment software provides a seamless platform for
developing next-generation wireless electronics and communications
systems, from concept to product. Its powerful interface, integrated
system, circuit, and electromagnetic simulation technologies, and

design flow automation ensures your design success.

Visit awr.com/smarterdesign to learn more.
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PRECISION COMPONENTS.
PRECISION MEASUREMENTS.

Make complex meusuremenfs
where limited solutions exlst

KEY FEATURES

Broadband solution

Anritsu's metrology-grade coaxial W1 components from D to 10 GHz

delivers precision performance and repeatability.

@
Coaxial solution removes
Unlike solutions from other vendors whose products are based on banded complexity and increases

waveguide frequencies, Anritsu's family of millimeter-wave components provide ease-0f-use
frequency range from DC to 110 GHz and improve repeatability of measurements

by removing the need for a waveguide interface. W1 connectors intended for
broadband scalability and mode

Be a Leader - Discover how you can get better measurement confidence with free performance to 110 GHz

Anritsu. View our complete line of millimeter-wave testing solutions at
www.anritsu.com/test-measurement ) .
O Metrology-grade solution provides

optimal connector tolerances and
design for highest performance

/\nritsu

wwwantitscgilent is copyright protected and provided for personal use only - f production or retransmiSSi@ s, company
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Access webinars on-demand from the
archived webinars and events page at
www.mwjournal.com/events

%) Executive Interview
Shawn Black, the new president of Cobham’s
Advanced Electronic Solutions (CAES) sector,
discusses the trends in defense and space and how Jgﬁ?ﬁgl
CAES is positioning to provide components and
A subsystems that enable new system capabilities. . .
Wideband Amplifier Design

and Test Guide for 5G

PARPERS

Design and Modeling of a Solid-State.
Transmit/Receive Module for Radar Applications

Filtering Without Reflections: Flattening
Multiplier Chain Conversion Efficiency & More

mwjournal.com/ebooks

ICR-RF MW Frontends

ROHDE&SCHWARZ

802.11blalnlac WLAN Modulation Analysis in
Signal Hovind Spike .

Join Us Online

Follow us
@Pathindle m Join us at the RF and

Become afanat E
y @MWJGary o Microwave Community ‘- facebook.com/
@MWJEditor microwavejournal

Catch Frequency Matters, the industry
update from Microwave Journal,
microwavejournal.com/FrequencyMatters
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Matchmaker

0402DC Series Designer’s Kit ((472-2):
20 samples each of 112 inductance values,
including 0.1 nH increments from 2.8 nH to 10 nH

Looking for the perfect high-Q inductor for impedance matching

in RF/microwave antenna circuits? This kit has it!

Coilcraft 0402DC Series wirewound
chip inductors offer the industry’s highest
Q factors in an 0402 (1005) size for super low
loss in high frequency circuits. And with
112 values from 0.8 to 120 nH, including
0.1 nH increments from 2.8 nH to 10 nH,
you’ll have exactly what you need for all
your RF and Microwave applications.

The 0402DC also features wirewound

WWW.COILC

‘for person

Content is copyright protected and provide

§

construction for extremely high self reso-
nance — up to 28.8 GHz - and offers DCR
as low as 25 mQ, significantly lower than
other inductors this size.

Equip your lab with the ultimate
impedance matching resource. Our
C472-2 Designer’s Kit has 20 samples
of all 112 values! Purchase one online at
www.coilcraft.com/0402DC.

AFT.COM
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DC to 6 GHz DC to 20 GHz
Model Slope, (dB) Model Slope, (dB)

EQY-0-63+ 0 EQY-0-24+ 0

EQY-1-63+ 1.2 EQY-2-24+ 2.1

Dc ’0 20 GHZ EQY-2-63+ 21 EQY-3-24+ 3.1
EQY-3-63+ 3.2 EQY-5-24+ 5

EQY-4-63+ 4.2 Eg—g-gf gg

. EQY-5-63+ 5.0 -8-24+ :

Absorptlve EQY-6-63+ 6.5 EQY-10-24+ 10.2
EQY-8-63+ 82 EQY-12-24+ 12

2x2mm QFN and Bare Die EQY-10-63+  10.2

EUROPEAN MICROWAVE WEEK 2019
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MARK YOUR CALENPAR

COMSOL

CONFERENCE

2019B ON

2
Boston, Mass.

COMSOL Conference 2019 Boston is a 3-day event that offers you the
opportunity to connect with fellow engineers and to advance your
modeling skills with the latest simulation technology.
www.comsol.com/conference/boston

San Diego, Calif.

AMTA 2019 strives to bring together novices and experts for an
inspiring week centered on theory, best practices and applications of
antenna, radar signature and other EM measurement technologies.
https://amta2019.org/

Phased Array 2019, the 9"
International Symposium on
Phased Array Systems and
Technology, will include keynote
and plenary sessions, parallel
technical sessions, poster
sessions, tutorials and a student
paper contest.
http://array2019.0org/

15-18

Waltham, Mass.

21-24

Las Vegas, Nev.

ITC 2019 provides telemetry
specific short courses,
technical papers from

professionals and students and
exhibits of the industry’s leading
companies, with exhibit areas
showcasing the latest systems.
www.telemetry.org/

EIMWC o

Los Angeles
October 22-24 2019

Los Angeles, Calif.

MWTC 2019 Los Angeles brings
together leading companies
and influential experts from
all sectors within the mobile

technology industry to advance

Intelligent Connectivity—
a fusion of 5G, loT, Al and

Big Data.
www.mwclosangeles.com/

AOC INTERNATIONAL
SYMPOSIUM & CONVENTION

Washington, D.C.

The AOC International
Symposium & Convention
brings together nearly 2,000

I WASHINGTON D.C.
! [ ]

professionals from 30+ countries

spanning industry, military and
government. The 2019 event
will survey the EMS enterprise

across organization, technology,

readiness and support equities
necessary to achieve EMS
superiority.
http://56.crows.org

31

Signal Infegrity

Journal

5 Life Beyond 10 Gbps:

(((% How to Predict PCB

W Interconnect Behavior

s at the Microwave
Frequency Bandwidth
Sponsored by:

ROHDE&SCHWARZ

FOR PETAILS, VISIT MAJOURMAL COM/EVENTS
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QI LT WG ERTEE  ComingEvents

at Lower Cost IEEECSMCAS;’-(JIU
@aﬁlﬁi TECH EXPD EURDPE
94th ARFTG Microwave

through Innovative

i 1 Measurement Symposium
Engineering Septomber 27 NOVEMBER
2019 IEEE BiCMOS and Compound Semicon-
IEEE IMS2020 ductor Integrated Circuits and Technology

December 4 Symposium (BCICTS)

‘/\“ . November 3-6 « Nashville, Tenn.
IEEE IMBioC 2020 b '
A = January 31, 2020 https://bcicts.org
IEEE COMCAS 2019
® "e WAMICON 2020 “6 «Tel Avi
February 7, 2020 November 4-6 « Tel Aviv, Israel

www.comcas.org/
Microwave Technology Inc EuMC 2020 Global MilSatCom 2019

February 7, 2020 November 5-7 « London, U.K.
95th ARFTG Microwave www.smi-online.co.uk/defence/uk/global-milsatcom

Measurement Symposium MILCOM 2019
February 14, 2020 November 12-14 « Norfolk, Va.

IEEE AUTOTESTCON 2020 https://events.afcea.org/MILCOM19/Public/enter.aspx

February 15, 2020 Space Tech Expo Europe 2019
November 19-21 « Bremen, Germany

ITC 2020 www.spacetechexpo.eu/
March 13, 2020

BOAD B AN D mwjournal.com
POWER AMPLIFIERS S aremi el O

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

DECEMBER

IEEE IMaRC 2019
December 5-7 « Mumbai, India

» Compact Size Metamaterials 2019 https://imarc-ieee.org/
0 ; . September 16-21 « Rome, Italy
» Competitive Price & Fast Delivery http://congress2019.metamorphose-vi.org/ 65t Annual IEEE (Ilntel\r;])ational Electron
Devices Meeting (IED
TWST/bSG Antenna Sﬁ/stems December 7-11 « San Francisco, Calif.
September 26 « New York City, N.Y. https://ieee-iedm.org/
https://antennasonline.com/
Asia Pacific Microwave Conference 2019
EuMW 2019 December 10-13 « Singapore
September 29-Oct. 4 « Paris, France https://apmc2019.miceapps.com/client/sites/view/
www.eumweek.com/ SP8f993
O pwif o
(¥ T RWI| "=%=
[NAwith SW Protection|  ocroses JANUARY
OCTOBER CES 2020
» Broadband Performanceto 20GHz |  comsoL Conference 2019 Boston o e 7-1 Ocezsotggh/ Las Vegas, Nev.
> L Noisa ki October 2-4 « Boston, Mass. ps:iiwww.ces.
ow : olse rigure www.comsol.com/conference/boston 94th ARFTG Microwave Measurement
» Medium Power up to TW AMTA 2019 JSympo;iburzl; 2070+ Son Antonio T
» Hermetic Housing Option October 6-11 « San Diego, Calif. a"“agﬂ ol an Antonio, fexas
https://amta2019.org/ Www.aritg.org
Contact us with your 2019 IEEE International Symposium on j%adio aznédz\gl i;t(e)lzeos ?;” e:k 20'20T
Phased Array Systems and Technology hanuz.i/r/y d'_ ! | akn n/tonlo, exas
custom requirements October 15-18 « Waltham, Mass. ttps://radiowirelessweek.org
http://array2019.org/ DesignCon 2020
and let us lower your 1TC 2019 January 28-30, 2020 + Santa Clara, Calif.
. g October 21-24 « Las Vegas, Nev. www.designcon.com
cost without sacrificing wtelemetyorg)
performance or quality | vwc 2015 Los Angeles EMWC
October 22-24 + Los Angeles, Calif. areelons
www.mwclosangeles.com/ FEBRUARY
56th Annual AOC International Symposium MWC Barcelona 2020
984 -22 8 -8001 & Convention February 24-27, 2020 « Barcelona, Spain
. . October 28-30 « Washington, D.C. www.mwcharcelona.com/
www.agilemwt.com '
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Accelerate Your RF Amplifier Design

MRF101AN-START RF Essentials Kit

Using MRF101AN-START, a 100 W RF power LDMOS transistor designed in
an easy-to-use TO-220 package, NXP’s RF Essentials Kit helps accelerate PA

design. Reference circuit examples are available for various applications with

frequencies ranging from 1.8 to 250 MHz.

WHAT'S INCLUDED

e Custom baseplate

TYPICAL APPLICATIONS

e Amateur radio

e (0.7"x2"PCB(1.8cmx5.1cm) e Broadcast

e 2x MRF101AN devices
e 2x SMA connectors

e Hardware

e Quick Start Guide

e |ndustrial, scientific, medical (ISM)

e RF energy

e Switch mode power supplies

RichardsonRFPD

An Arrow Company

-~

(S]]

MRF101AN-START IS AVAILABLE l e "L'l' "

NOW AT RICHARDSON RFPD [.: -
richardsonrfpd.com/MRF101AN-START E L\.

Your Global Source for RF Wireless, loT & Power Technologies

www.richardsonfpcl.onm

1 800

727.3827 | 630.262.6800

A i
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Extremely High-Power

GaN Devices

Patrick Hindle

Microwave Journal Editor

ost GaN devices commercially available in

the market today have either 28 or 50 V op-

erating voltages. The 28 V devices are more

common, but several manufacturers offer
50 V devices for even higher power circuits. The 50 V
devices seem to be about the limit at which most GaN
device processes can support today in order to provide
long-term, reliable operation. However, a few companies
have been working on much higher operating voltage
GaN devices for extremely high-power applications and
are pursuing better thermal solutions in conjunction with
these efforts. | reached out to several companies for some
examples of their work with 65+ V devices and received
inputs from Integra Technologies and Qorvo, which are
summarized here, along with an overview of some of the
thermal solutions | have seen in the market.

Integra Technologies

Many aerospace and defense radar, SATCOM and in-
dustrial, scientific and medical (ISM) systems require highly
reliable, rugged components with RF output power levels
of several kilowatts. These systems have historically relied
on vacuum electron devices (VED) such as traveling wave

tu bes ( TV\fCQ)n (ol

RS o M ARG s vtEa S BSfson
For reprints please contact the Publisher.

dress the increasing complexity and cost of VED based
systems, semiconductor-based, solid-state power am-
plifiers (SSPA) have overtaken lower frequency and low-
er power applications, first with silicon LDMOS, then
GaAs and now GaN. However, the high-power mar-

10,000

1000

100

Power (W)

10

Silicon
LDMOS

1 10 100
Frequency (GHz)

Performance comparison of technologies for high-
power amplifiers.
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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
watts average B Low coupling variation

B Standard connector types

B Custom design & packaging B Surface mount
B Waveguide

For more detailed information on Directional Couplers and Directional Detectors, visit our web site.

RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549 ¢ Tel: 914.241.1334 ¢ Fax: 914.241.1753
E-mail: sales@rlcelectronics.com ¢ www.rlcelectronics.com r—
visa. | (@&

RLC is your complete microwave component source...
Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.
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Herotek, Your Source for
the Most Comprehensive
Line of Comb Generators

530" L
BB 1
"o ahathy | ——
e —
Outline "L*
7307 L
- R
£
———
Outline*N3" |
Specifications @ +25°¢C
INPUT | OUTPUT
INPUT
MODEL rrea | POWER | FREQ | omine
(MHz) | (dBm) | (GH2)
GC100 RL 100 27 18 L
GC200 RL 200 27 18 L
GC250 RL 250 27 18 L
GC500 RL 500 +27 18 E
GC1000 RL 1000 +27 i8 L
GCO526 AL 500 +27 26 L
GC1026 RL 1000 +27 26 L
GC1526 RL 1500 +27 26 L
GC2026 RL 2000 +27 26 L
GCA250A N3 0
250 18 N3
GCA2508 N3 +10
GCAS5004 N3 0
500 18 N3
GCAS5008 N3 +10
GCAT000A N3 ]
1000 18 N3
GCA10008 N3 +10
GCAO526A N3 0
500 26 N3
GCAD5268 N3 +10
GCA1026A N3 0
1000 2% N3
GCA1026B N3 +10
GCA1526A N3 0
1500 26 N3
GCA1526B N3 +10
GCA2026A N3 0
2000 26 N3
GCA2026B N3 +10
Note: Other input frequencies from 10 MHz to
10 GHz are available.
Herotek The Microwave
u FYOgucts Soupce
e =
Herotek, Inc.
155 Baytech Drive Made in U.S.A.
San Jose, CA 95134 =
Tel: (408) 941-8399 e
Fax: (408) 941-8388 150 2001-2008
Certified
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ket is still predominantly addressed
with VEDs.

In radar applications, LDMOS
technology has made minimal in-
roads for high RF power due to its
low frequency limitations. While
GaAs technology is capable of
operation above 100 GHz, its low
thermal conductivity and operating
voltage limit its output power levels.
To achieve high-power, GaAs ampli-
fiers require paralleling of multiple
devices at the expense of loss in ef-
ficiency and cost resulting from mul-
tiple devices. Today’s 50 V GaN/SiC
technology offers hundreds of W of
output power at high frequencies,
and provides the ruggedness and
reliability required by radar systems
(see Figure 1) but struggles to go
beyond that.

Since 2014, Integra Technologies
has been pioneering research and
developmentin the area of high volt-
age (HV) GaN/SiC to further extend
the technology to achieve multi-kW
power levels for next generation
radar systems. As system design-
ers are challenged with increasing
complexity of radars while needing
to reduce lifetime operational costs,
the push for a solid-state solution
leveraging commercial manufactur-
ing platforms is more imperative
than ever. Integra’s HV GaN/SiC
has demonstrated very high-power
densities in the order of 10 W/mm
for 100 V CW operation and 20 W/
mm for 150 V pulsed operation and
efficiencies exceeding 80 percent.

Higher voltage operation at the
transistor level opens up new de-
grees of freedom for the design of
high-power RF amplifiers. The tech-
nology allows for more trade off
space between higher power densi-
ty and higher impedance. This flex-
ibility results in the ability to match
up to 10 kW single ended transistors
into a 50 Q load and achieve 80 per-
cent efficiency at UHF frequencies
with proper harmonic tuning opti-
mization. Integra has successfully
demonstrated such performance at
higher frequencies from L- through
X-Band.

One of the challenges of operat-
ing at high power densities of 10 to
20 W/mm is pulling the heat away

550 W HV GaN/siC CW
. Vdd =100V, f = 325 MHz

22 80
20 —<— 70
18 60
16 d 50
14 / 40
12 ,/ 30

Gain (dB)
(%) Aousniyz

10 : - 20
0 200 400 600
Power (W)
550 W high voltage GaN/SiC
single die transistor performance.
1.1 kW HV GaN/SiC Pulsed
Vdd = 100 to 145V, f = 325 MHz
Pulse Width = 100 us, 10% Duty Cycle
26 90
24 80
I m
o 22 Vad=1asv| 0 =
T 20— 60 &
100V =
= 18- 50 &
© 16 40 R
14 30
12 T S — 20
200 400 600 800 1000 1200
Power (W)

1.1 kW high voltage GaN/SiC
single die transistor performance.

from the active region of the semi-
conductor device. Integra has ad-
dressed this thermal management
challenge through a combination of
leveraging Integra thermal patents
and proprietary HV GaN/SiC epi-
taxial material, device design and
packaging.

Figure 2 shows a single 50 mm
HV GaN transistor operated at 100
V in CW at 325 MHz and achiev-
ing >10 W/mm with 77 percent ef-
ficiency. By incorporating Integra’s
thermally enhanced technology,
the device operates at a junction
temperature of 160°C for 10 million
hours operating lifetime. These de-
vices can also operate at 150 V bias
in pulsed conditions to achieve 20
W/mm or 1 kW single device at 325
MHz (see Figure 3) and 650 MHz,
with 80 percent efficiency. Similar
performance has been achieved
from L- up to X-Band. Integra con-
tinues to innovate on the next gen-
eration of HV GaN/SiC technology
with the goal to further improve
efficiencies, increase power levels
and extend frequency range of op-
eration.
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For high-power systems in the
100 kW range, system designers
have been limited to VED technol-
ogy or 50 V GaN/SiC SSPA. For
solid-state designs, a large num-
ber of power devices are required
to achieve the required multi-kW
target power levels. Integra’s HV
GaN/SiC is capable of realizing sig-
nificantly higher power levels while
dramatically reducing RF power

@’ 79 )59"x0.63"High
e - Power T/R Switch
,-; | B M Handles 3kW of power
i . ; é M Operates from 150 MHz
. to 2500 MHz
0.532"x0.246" x _{ —T“T;Tmrﬁ
0.129” High-Power — *,,, . oo —
Limiter d
B Operates from
20MHz to 6 GHz
M Handles 10W CW
power

e .‘ 0.65”x0.7"” High-

Power Broadband
SN0 Limiter
A B Operates from 0.1 GHz
= i t0 18 GHz
5 = W Protects receiver
circuitry

Images shown at actual size.

TABLE 1
Technology TWTA 50 V GaN/SiC HV GaN/SiC | GaN/Diamond
Performance High High High
Reliability Low High High
Cost $$$ $$ $$$
Availability Production Production Sampling Sampling

transistor count, system complexity

and overall cost.
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For example, a 200 kW system
architected with 50 V, 1 kW transis-
tors would require over 200 transis-
tors to reach the target power level
with complex power combining and
associated losses in efficiency. Utiliz-
ing 10 kW HV GaN/SiC transistors,
the same 200 kW system would
require around 20 transistors. This
eliminates a significant number of
components and complex power
combining of those components
plus results in the system running at
significantly higher efficiency. This
allows the radar systems engineers
to design a more competitive, lower
cost radar with lower operating ex-
penses over its lifetime.

The HV GaN/SiC technology
has been developed utilizing high
volume, production grade SiC sub-
strates rather than more exotic sub-
strate materials such as diamond
which are expensive and limited in
supply. The HV GaN process is built
on mainstream, commercially avail-
able materials and manufacturing
platforms to reduce cost and service
volume applications (see Table 1).

Integra’s HV GaN/SiC offers a
solid-state replacement path for
VEDs today with technology that
utilizes a mainstream, commercially
available supply chain. By leverag-
ing Integra’s patented thermally
enhanced technology, the platform
has solved the heat management
challenges resulting from high cur-
rent density operation to develop a
more reliable and robust technolo-
gy capable of addressing the needs
of next-generation radars.

Qorvo

Innovations in GaN technology
are enabling operation at higher
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One of the fully assembled
power amplifiers. The hole in the
front of the aluminum carrier allows
a thermocouple to be placed directly
below the QPD1013 transistor.

powers, supply voltages and fre-
quencies—all critical elements for
advanced L-Band radar and other
wideband communications. GaN is
capable of higher power densities
than either LDMOS or GaAs. But
with higher RF power levels, thermal
performance must be optimized to
keep the junction temperature ad-
equately low, minimize power dis-
sipation and ensure a long transis-
tor lifetime. When the transistor is
a surface-mount technology (SMT)

component, careful design of the
PCB is required in order to optimize
thermal performance.

One PA that is addressing this HV
and thermal challenge is a reference
design using the Qorvo QPD1013—
a high-power, wide-bandwidth high
electron mobility transistor (HEMT).
Housed in an industry-standard
7.2 mm x 6.6 mm surface-mount,
dual flat no leads (DFN) package,
the device allows for simpler PCB
assembly compared to traditional
metal-ceramic packages as shown
in Figure 4.

The QPD1013 utilizes Qorvo's
0.5 pm GaN/SiC technology, which
enables operation at 65 V. This de-
livers improved efficiency and wide
bandwidths suitable for many appli-
cations from DC to 2.7 GHz, includ-
ing military radar, and land-mobile
and military radio communications.
The example PA covers the 1.2 to
1.8 GHz band and delivers an RF
output power of around 160 W with
an efficiency of around 55 percent
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Typical output power (a) and efficiency at the output of the PA of 55 percent
(b) which includes output matching network and connector losses.
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as shown in Figure 5. While the ef-
ficiency of the PA is impressive, the
dissipated power can still exceed
100 W, highlighting the need for an
effective thermal solution.

To optimize thermal perfor-
mance, the reference design PA
uses copper coin technology. A
copper coin is a solid piece of cop-
per, or slug, embedded into the
PCB during fabrication to allow ef-
ficient heat transfer from the transis-

Lexatys’

amped-up
command
performance

» 3 psec switching speed

LEXATYS

PRECISION ENGINEERED

»6-26.5 GHz broadband amplifier
»16/23/30 dB programmable gain

tor to the carrier on which the PCBis
mounted. While the use of copper-
filled via technology is common and
the most cost effective, use of cop-
per-coin techniques provides better
thermal transfer.

As shown in Figure 6, the cop-
per coin has a minor effect on the
RF performance of the amplifier and
must be taken into consideration in
the design. Although the improved
thermal impedance of the copper

$2475 ea. (aty.1-9)

Certified ISO9001:2015
and AS9100D

Made in USA

www.lexatys.com - P: 302.715.5029 - E: infoMWJ @lexatys.com
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coin is attractive, great care must
be taken to ensure that the surface
of the PCB remains planar and that
good contact is made between the
copper coin and the ground paddle
of the DFN. Any air gaps or solder
voids can mitigate the inherent
advantages of the copper coin ap-
proach.

As with all power transistors,
careful thermal design is essential to
reliable operation. In the QPD1013,
use of a copper coin PCB delivers an
operating temperature 10°C cooler
compared to copper-filled via PCB.
The PAs high-power and broad
bandwidth, supported by its ther-
mally efficient design, is helping to
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S-parameter comparison for
using copper vias vs. copper coin for
QPD1013 transistor.
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drive mission superiority in military
and commercial radar, land mobile
and military radio communications,
active antennas, test instrumenta-
tion, wideband and narrowband
amplifiers and jammers.

One key to HV operation and
higher efficiency is getting the heat
out of the device to keep the junc-

tion temperature in an acceptable
range for reliable operation. One
method that many manufacturers
have researched is GaN on diamond
since it has the highest thermal con-
ductivity of any material while oth-
ers are pursuing better heat sinking
or liquid cooling options.

As we covered in our June issue
last year, TriQuint (now Qorvo) an-
nounced the production of the first
GaN on Diamond wafers producing
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HEMT in April 2013, in conjunction
with partners at the University of
Bristol, Group4 Labs and Lockheed
Martin under the Defense Advanced
Research Projects Agency’s (DARPA)
Near Junction Thermal Transport
(NJTT) program. NJTT focused on
device thermal resistance near the
junction of the transistor using vari-
ous cooling techniques. The results
of this effort showed a three-fold
improvement in heat dissipation,
while preserving RF capabilities.

Raytheon also did work under
the same DARPA program and de-
veloped a way to etch cooling chan-
nels in a diamond substrate and at-
tach it to the wafer, avoiding some
of the manufacturability issues with
growing the GaN on the diamond
substrate, and added liquid cool-
ing. Raytheon used a glycol/water
coolant to flow through the chan-
nels within 100 microns of the active
HEMT area. Raytheon demonstrat-
ed a wideband continuous-wave
(CW) amplifier with 3.1x the power
output and 4.8x the power density
of the baseline amplifier currently
designed into a next-generation
electronic warfare (EW) system.

More recently, Fujitsu Ltd. and
Fujitsu Laboratories Ltd. announced
development of the first technology
for bonding single-crystal diamond
to a SiC substrate at room tempera-
ture. This overcame one of the big-
gest challenges to previous GaN on
Diamond bonding that took place
at very high temperatures caus-
ing bowing of the wafers due to
mismatch of coefficient of thermal
expansion (CTE). This technology
promises GaN PAs that can oper-
ate at higher power by about 1.5x
when applied to systems such as
weather radar.

RFHIC acquired GaN on Dia-
mond technology from Element Six
and in their 2017 announcement,
the company stated that “RFHIC will
work closely with Element Six and
foundry partners for the capability
of manufacturing 10,000 6é-in. GaN
on Diamond wafers per year in the
foreseeable future.” The technolo-
gy has taken a little longer to launch
than they projected but seem ready
to sample the product soon.

JETCOOL Technologies unveiled
a new approach to cooling high-
power electronics at IMS2019 in
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Comparison of thermal performance of various cooling methods (from
JETCOOL website).
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Boston, winning the MIT spin-off of
the title of Next Top Startup in the
new Startup Pavilion. The company
is trying to change the way elec-
tronics are cooled by using micro-
convective cooling that uses small
fluid jets that can be built within the
electronic device. The result accord-
ing to the company is 10x better
cooling than other cooling technol-
ogies used today as shown in Fig-
ure 7. CEO Bernie Malouin said in
a press release that the technology
can build the heat sink into the sili-
con substrate, integrating cooling
into the processor chip and other
devices.

Their patent-pending process
on microjet cooling uses small jets
of high velocity fluid to cool the de-
vice. Instead of passing fluid over a
surface like in typical heat sinks or
cold plates, microjets are aimed di-
rectly at the surface. The high flow
effectively cools the bottom of the
chip providing better cooling than
previous methods. Their solution
provides cooling without a need for
large metal heat sinks, eliminating
the metal makes tower-based sys-
tems smaller and lighter.

JETCOOL discusses GaN/SiC
devices specifically in one of their
blog postings making the point that
the thermal conductivity of a GaN
device operating up to 225°C is
about 50 percent of what it would
be at the reference temperature of
25°C. As the underlying SiC layer
warms, its thermal conductivity is
also reduced. “This turns into a cas-
cade effect where lower conduc-
tivity means higher temperature,
which further lowers conductivity
until equilibrium is reached. There-
fore, if temperature dependence is
not incorporated into the material
properties, computed peak temper-
atures would be artificially low due
to the inappropriately high thermal
conductivity.”

GaN devices are continuing to
improve their performance every
year, and we have not come close
to the ceiling of their performance
yet as manufacturers find better epi
processes, transistor configurations
and packaging solutions to improve
heat dissipation.ll

|
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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

QCompeﬂﬂve Pricing & Fast Delivery
e Military Reliability & Qualification
e Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & More
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Advanced Phased Array for Air Force
Satellite Control Network

ockheed Martin (LM), Ball Aerospace and

Kratos Defense & Security Solutions Inc. were

awarded a $7.2 million prototype agreement
by the Defense Innovation Unit to develop a new muilti-
band, multi-mission (MBMM) prototype phased array as
part of a broader initiative to modernize the existing
Air Force Satellite Control Network and bring new tech-
nology faster to warfighters. MBMM enables multiple
satellites to simultaneously connect with a single array
antenna over mul-
tiple  frequencies,
a significant per-
formance improve-
ment compared to
traditional  single
contact parabolic
dishes.

The LM team is
building prototype
transmit and receive
electronically steer-
able arrays (ESA).
Each array uses Ball's advanced phased array technologies
and supports L- and S-Band frequencies initially. Signal
processing is accomplished with Kratos’ digital intermedi-
ate frequency (IF) technology and cloud-enabled quant-
umRadio.

Future operational MBMM systems will offer new
cyber resilience while reducing long-term sustainment
costs for the Air Force. MBMM may eventually support
multiple orbits from LEO to GEO and can perform mul-
tiple missions at the same time, including command &
control (C2), launch pad and ascent operations, radar
and mission data transmission.

MBMM Antenna (Credit: Lockheed
Martin Corp.)

Air Force Releases Request for Proposals
for New ICBM System

he Air Force recently released a request for

proposals for its Ground Based Strategic De-

terrent (GBSD) intercontinental ballistic mis-
sile weapon system program July 16.

The request is for the weapon system’s Engineering
and Manufacturing Development phase and includes
five production lot options to produce and deploy the
weapon system. The two contractors for GBSD's cur-
rent Technology Maturation and Risk Reduction phase,
Boeing and Northrop Grumman, will compete for the
EMD contract. The Air Force Nuclear Weapons Center
expects to award the contract in the fourth quarter of
fiscal year 2020.

For More
Information

DefenseNews
Cliff Drubin, Associate Technical Editor | )

The GBSD is the follow-on to the aging LGM-30G
Minuteman Il ICBM, which first became operational in
the mid-1960s. While some components and subsys-
tems have been upgraded over the years, most have
supported over 50 years of continuous operation.

In May, Under Secretary of Defense for Acquisition
and Sustainment Ellen M. Lord expressed the need to
upgrade nuclear capability and modernization to main-
tain a deterrence edge. She said it no longer makes
financial sense to continue to upgrade or extend the
life of existing Minuteman lIl ICBMs and the new GBSD
weapon system must be brought online.

“There is no margin to do another service life exten-
sion program on Minuteman ll, because not only would
it be more expensive than developing GBSD, but you
would not have the resiliency in the capability because
you would not have the modern equipment, you would
not have the actual capabilities from a functional range
point of view (or) warhead capability,” Lord said. “So we
need to, by 2028, start replacing ICBMs.”

“If you look at the threat that we face, Russia just
completed modernization of their triad this year...be-
cause they know they cannot defeat us—and certainly
can't defeat NATO—conventionally,” said Air Force
Chief of Staff Gen. David L. Goldfein at a congressional
committee hearing in April. “So, our modernization and
recap of the triad is just in time because in the missile
leg, key parts of that program expire right about the
time that we bring on the new GBSD to replace it.”

The GBSD program office is part of Air Force Nuclear
Weapons Center’s ICBM Systems Directorate at Hill Air
Force Base, Utah. The center is responsible for synchro-
nizing all aspects of nuclear materiel management on
behalf of Air Force Materiel Command in direct support
of Air Force Global Strike Command.

What Do Dragonflies Teach US About
Missile Defense?

e grateful you are not on a dragonfly’s diet.
You might be a fruit fly or maybe a mosquito,
but it really would not matter the moment
you look back and see four powerful wings pounding
through the air after you. You fly for your life, weaving
evasively, but the dragonfly somehow tracks you with
seemingly instant reflexes. For a moment, you think you
have gotten away, just as it closes in swiftly from below
for the kill. Then, as the dinosaur-era predator claws into
you with its spiny legs and drags you into its jaws midair,
you might wonder to yourself, “"How did it catch me
with such a tiny brain and no depth perception?”
Sandia National Laboratories is homing in on the an-
swer, with research showing how dragonfly brains might
be wired to be extremely efficient at calculating com-
plex trajectories. In recent computer simulations, faux

Visit mwjournal.com for more defense news.
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dragonflies in a simplified virtual environment success-
fully caught their prey using computer algorithms de-
signed to mimic the way a dragonfly processes visual in-
formation while hunting. The positive test results show
the programming is fundamentally a sound model.

The Sandia research is examining whether dragon-
fly-inspired computing could improve missile defense
systems, which have the similar task of intercepting an
object in flight, by making on-board computers smaller
without sacrificing speed or accuracy. Dragonflies catch
95 percent of their prey, crowning them one of the top
predators in the world.

Computational neuroscientist Frances Chance, who
developed the algorithms, is presenting her research
at the International Conference on Neuromorphic Sys-
tems in Knoxville, Tenn. Earlier, she presented at the
Annual Meeting of the Organization for Computational
Neurosciences in Barcelona. Chance specializes in rep-
licating biological neural networks—brains, basically—
which require less energy and are better at learning and
adapting than computers. Her studies focus on neu-
rons, which are cells that send information through the
nervous system.

“I try to predict how neurons are wired in the brain
and understand what kinds of computations those neu-
rons are doing, based on what we know about the be-
havior of the animal or what we know about the neural

responses,” Chance said. For example, a dragonfly’s
reaction time to a maneuvering prey is a mere 50 ms.
A human blink takes about 300 ms. Fifty ms is only
enough time for information to cross about three neu-
rons. In other words, to keep up with a dragonfly, an
artificial neural network needs to be done processing
information after only three steps—though, because
brains fire lots of signals at once, each step may involve
many calculations running at the same time.

Missile defense systems rely on established intercept
techniques that are, relatively speaking, computation-
heavy. But rethinking those strategies using highly ef-
ficient dragonflies as a model could potentially:

* Shrink the SWaP needs of onboard computers. This
would allow interceptors to be smaller and lighter,
and therefore more maneuverable.

* Reveal new ways to intercept maneuvering targets
such as hypersonic weapons, which follow less-pre-
dictable trajectories than ballistic missiles.

e Reveal new ways to home in on a target with less
sophisticated sensors than are currently used.
Dragonflies and missiles move at vastly different

speeds, so it is unknown how well this research will
ultimately translate to missile defense. But develop-
ing a computational model of a dragonfly brain also
could have long-term benefits for machine learning
and Al
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5G RF Power Semiconductor Device Sales
for Wireless Infrastructure Take Off

ust when the industry thought that things
were pretty good for 4G/LTE wireless RF
power semiconductors, devices for 5G new
radio (NR) low- and mid-band took off as the overall
market grew to $1 billion in 2018. The market will con-
tinue to climb nearly $2 billion by 2024, according to
global tech market advisory firm, ABI Research.

China and the Asia-
Pacific region, in general,
continue to be the main
driver for the RF power
semiconductor  devices
sold into the mobile wire-
less infrastructure seg-
ment. “Once again, for
the foreseeable future,
the Asia-Pacific region,
especially China, will dominate this market and remain
the most important region and focus for high-power RF
semiconductor devices for wireless infrastructure,” says
Lance Wilson, research director, ABI Research.

The 4G/LTE air interface will continue to be a technol-
ogy engine of revenue for the next five years, but the
industry is now seeing major shipments of Si LDMOS for
5G. Although, GaN devices had meaningful share, the
2018 story was still about Si LDMOS, which continues to
dominate this segment by a large margin.

The increasing and
critical need for

wireless.data remains
an important driver...

New Satellite Networks Will Enable 24M
loT Connections, Provide Seamless Global
Connectivity By 2024

new report by ABI Research unveils the long-

term opportunity within the satellite space

for the growth of loT deployments, particu-
larly in application verticals, such as agriculture and as-
set tracking that are dealing with the unreliability of ter-
restrial infrastructures.

“Terrestrial cellular networks only cover 20 percent
of the Earth’s surface, while satellite networks can cover
the entire surface of the globe, from pole to pole,” says
Harriet Sumnall, research analyst. “The expansion of
the satellite constellations that are currently in orbit and
those due to take place will allow for connectivity to be
more global. While the market using satellite connec-
tion is still immature, it shows great opportunities for
growth.”

The application segments that are expected to see
significant growth include agriculture, asset tracking,
maritime tracking and aviation tracking. Maritime and

For More
Information
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aviation tracking are two important markets for the sat-
ellite space due to the lack of terrestrial infrastructures
available. Vendors such as Aerial & Maritime (A&M) pro-
vide cost-effective aircraft ADS-B surveillance and ship
AlS tracking from constellations of nano-satellites.

This technology is a game-changer in this industry
space, and recent initiatives demonstrate the high-
end tracking capabilities from large satellites in multi-
constellations. Though this is yet to be considered a
cost-efficient process, it
is expected to become
more so with upcoming
software-defined radio
(SDR) technology, as it
is possible to use nano-
satellites for these ac-

Large satellite
providers face

competition from new
tions. nano-satellite LEO

The larger and more
traditional satellite pro-
viders, such as Inmarsat
and GlobalStar, are fac-
ing new competition with many new start-up constella-
tions from vendors like Amazon and SpaceX, which are
launching low Earth orbit (LEO) satellites. LEO satellites,
however, are costly in set-up as many are required to
provide the coverage that vendors are offering. How-
ever, in the long run, they are more cost-effective than
larger traditional satellites for these applications. Con-
ventional satellite providers will have to consider driv-
ing their prices down to become more competitive in
order to stay relevant.

“Once the market becomes more successful and has
matured, pricing strategies will drop overall, allowing
the satellite loT connectivity options to compete against
terrestrial connectivity options,” Sumnall concludes.

constellation

Drone Market in Full Flight with
Commercial and Industrial Use-Cases

mall unmanned aerial systems (sUAS) have
been in the public eye for well over this de-
cade and a hype cycle developed around its
applications for the consumer and commercial space.
The high-profile failure of major drone manufactur-
ers and software providers, such as U.S. firm Airware
in 2018, somewhat tempered initial enthusiasm, caus-
ing early projections from industry organizations such
as the Association for Unmanned Vehicle Systems In-
ternational (AUVSI) to look overly optimistic. However,
according to a new report from global tech market advi-
sory, ABI Research, commercial drone usage, especially
in the industrial space, will be a source of accelerating
growth throughout the next decade with $101 billion
in revenue being created annually by 2030 across the
commercial, military, civil and consumer sectors.

Visit mwjournal.com for more commercial market news.
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“The consumer drone market has become heavily
commoditized through the advancements and price
point advantages pushed through by Chinese giant
DJI, which has taken a commanding majority of all con-
sumer-related drone hardware. With interest in the con-
sumer space somewhat deflating, value continues to
shift away from the drone toward value-added services
for the enterprise,” says Rian Whitton, senior analyst,
ABI Research. Services like analytics, unmanned traffic
management (UTM), flight management and repair are
all increasing as the use of drones is scaled up to pro-
vide affordable and ubiquitous aerial imagery for verti-
cals like construction, energy and industrial inspection.

“Delivery by sUAS is going to become one of the
larger opportunities for the market, but do not expect
immediate returns inside five years,” Whitton points
out. "While Amazon thinks it can get a 15-mile drone
delivery going within 2019, there are still certificates
needed from the FAA, including Part 135, authorization
to operate an airline. They have so far cleared one regu-
latory hurdle, however, receiving a certificate of airwor-
thiness from the FAA. “"Overall, their ambition to make
a drone delivery service in 2019 will be likely delayed by
months. But with successfully tested drone-deliveries in
the U.S., U.K,, Iceland, China, Indonesia and Africa (for
emergency aid), the use-cases have value. So much so
that drone-deliveries are expected to reach global reve-

nues of up to $10 billion
by 2030, accounting for
14 percent of all com-
mercial SUAS revenue.”

Before any of this is
likely to occur, serious
challenges facing the de-
velopment of UTM need
to be addressed. One is
simply tracking and ap-
plying registration numbers to the multitude of drones
that are already in the air. Another is the deficiency in
effective communication link technology for long-range
BVLOS operations. Even ignoring these technical hur-
dles, there is a fractured ecosystem of app developers
and drone solution providers offering some UTM so-
lutions, but they are not effectively coordinating with
major government institutions like NASA to develop
comprehensive coverage.

"We are not likely to see ubiquitous drone delivery, fly-
ing taxi services or a massive consumer market for drones
in the way people perhaps thought in 2015,” says Whit-
ton. “Instead, the growth in the drone industry will be
dependent providing cost-effective, three-dimensional
aerial imagery and indices to industries and verticals that
previously had no access to it, namely construction, min-
ing, high-value energy assets and infrastructure.”

Delivery market
preparing for takeoff:
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Aroundthe Circuit
. Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

Taoglas has acquired Firmwave, an loT product design,
and engineering company based in Ireland, to deliver
next-generation loT to best-in-class loT applications
such as healthcare, energy and utilities, supply chain
and logistics, transportation, agriculture and construc-
tion. Many companies struggle with design engineering
for complex next-generation loT applications because
they require a high level of integration. Many compa-
nies want to take advantage of advances in imaging like
facial recognition; centimeter-level positioning (cm ver-
sus accuracy); audio like speech recognition; and Al for
motion sensing and analysis. Advancements in these
four areas promise to open a world of next-generation
loT applications.

Communications & Power Industries (CPI) has en-
tered into an agreement to purchase SATCOM Tech-
nologies, the antenna systems business of General
Dynamics Mission Systems, a business unit of Gen-
eral Dynamics. SATCOM Technologies designs, man-
ufactures and installs SATCOM antenna systems used
in commercial, defense and scientific applications, as
well as provides related RF products and electronics,
including feed components, ampliﬁers, converters, an-
tenna control systems and engineering and installation
services. This business will complement CPI's existing
portfolio of communications products for government,
military and commercial applications.

U.S. private equity firm Advent International has
agreed to pay £4 billion ($5 billion) to buy Cobham,
the British aerospace and defense and group known for
its pioneering air-to-air refueling technology. In the lat-
est of a series of buyouts in Europe, with private equity
firms seeking new targets for their bumper cash balanc-
es, Advent is offering 165 pence in cash for each Cob-
ham share representing a 50 percent premium to the
three-month average price. Shares in Cobham, whose
technology is found on F-35 fighters and Airbus jets,
jumped 35 percent to just above the offer price, the
highest they have been since March 2016. The deal will
be part funded by about £2.5 billion of debt.

Ontic has acquired the manufacturing and aftermarket
rights for Thales in the U.K.'s Doppler Velocity Sensors.
The sensors are used by a range of civil and military cus-
tomers across several rotary and fixed wing platforms.
The companies have now entered a transition period
where the Doppler technology and associated prod-
ucts transfer will take place. The aim to complete the
transition by early 2020. This will be the 14th product
line introduced to Ontic's Cheltenham facility since its
foundation in 2012, and the company’s first agreement
with Thales in the U.K. The products complement On-
tic's existing capabilities and customer base.

For More
Information
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COLLABORATIONS

TowerJazz, Cadence Design Systems Inc. and Lumeri-
ca Inc. announced the availability of a complete custom
design silicon photonics (SiPho) and silicon germanium
(SiGe) integrated process design kit (PDK). The differen-
tiated PDK is based on the Cadence® Virtuoso® custom
IC design platform, providing native synthesis using the
Cadence CurvyCore engine and electrical-optical co-
simulation capability in Lumerical’s photonic integrat-
ed circuit simulator INTERCONNECT. The complete,
photonics-optimized solution provides SiPho designers
with a single, streamlined design environment for de-
veloping complex multi-fabric systems, while enabling
them to collaborate in a shared IC design environment
to leverage the electro-optical interface that is critical
for enabling 400GB optical transceivers.

Cree and ON Semiconductor have signed a multi-
year agreement where Cree will produce and supply
its Wolfspeed SiC wafers to ON Semiconductor. The
agreement, valued at more than $85 million, provides
for the supply of Cree’s advanced 150 mm SiC bare and
epitaxial wafers to ON Semiconductor for use in high-
growth markets, such as electric vehicle and industrial
applications.

Egide USA announced the signature of a manufactur-
ing and supply contract with its customer Crane Aero-
space & Electronics (A&E), based in Lynnwood, Wash.,
for a renewable 18-month period. This will strengthen
the historic business partnership between Crane A&E
and Egide USA, and both are looking forward to con-
tinuing the excellent business relationship based on
this agreement. In the framework of the new long-term
agreement, Egide USA will continue to manufacture
key components in Crane A&E's various high-reliability
businesses.

NEW STARTS

Custom MMIC commemorated its recent office and
lab expansion with a ribbon cutting ceremony. U.S.
Congresswoman Lori Trahan, who represents the third
congressional district of Massachusetts and serves on
the House Armed Services Committee (HASC), cut the
ribbon and congratulated Paul Blount, founder, and
company employees on the success of the 13-year-old
firm. Blount gave Trahan a brief history of the company,
saying the defense market is a focus, and noted awards
received from leading defense firms such as Raytheon
and BAE Systems.

Antenom Antenna Technologies was established in
2018 for developing a new concept in antenna train-
ing and antenna design. Their main product is Anten'it
Antenna Design and Training Kit which includes metal,
dielectric, ground plane cells in brick form. Cells are
able to connect to each other and create different types
of antennas at different frequencies. This new concept
provides its users to use the same cells for building
many different antennas.

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

Arralis Technologies announced
at the International Paris Air Show
the expansion into the U.S. It was
announced by Dr. P. Barry Butler
that Arralis Technologies would be
opening a new office at the John
Mica Engineering and Aerospace
Innovation Complex at Embry-
Riddle Aeronautical University Re-
search Park, Daytona Beach, Fla. Ar-
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ralis Technologies officially opened
their new office in August 2019.

ACHIEVEMENTS

Microlease, a part of Electro Rent
Corp., has made several significant
investments in test equipment for
the emerging 5G mobile commu-
nications standard. The company
has increased its entire 5G testing
inventory with an investment of
$30 million ($10 million in the past
12 months), to serve the growing
demand from equipment manufac-

MilliBox™

APPLICATIONS:

¢ 5G (NR) mmWave

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

¢ Misc mmWave designs

A Phone:  +1408 892 9595
p Email:  millibox@milliwavess.com
£ Web:  www.millibox.org

turers and mobile network opera-
tors. Interest in 5G is being driven
by its ability to deliver much greater
bandwidths to mobile terminals, the
reduced latency of its data transfers
and support for many more termi-
nals per unit area.

Designed for 5G NR signaling test
in sub-6 GHz (FR1) and mmWave
(FR2) frequency bands, the R&S
CMX500 radio communication tes-
ter seamlessly integrates into In-
tertek’s existing Rohde & Schwarz
test systems. Network operators are
driving LTE-A Pro features to boost
5G NR data rates in non-standalone
(NSA) mode and to ensure that LTE
provides “4.9G" performance if
5G service is unavailable. Existing
test solutions built upon the R&S
CMWS500 by Rohde & Schwarz can
be cost-effectively extended to sup-
port 5G NR FR1 standalone (SA)
and NSA, TDD and FDD modes,
with the simple addition of an R&S
CMX500.

3D Glass Solutions Inc. (3DGS) an-
nounced it has closed $12 million
in Series B equity funding, bringing
the company’s total equity funding
to more than $19 million. Led by
Nagase & Co. Ltd., a Japanese con-
glomerate specializing in next-gen-
eration chemistries and technolo-
gies across multiple market sectors,
Series B investment participants
also include Sun Mountain Capital,
Murata Manufacturing Co. Ltd. and
Lockheed Martin Ventures. With
the successful close of this round of
equity funding, 3DGS is now well-
positioned for continued manufac-
turing expansion and acceleration
of its technology roadmap.

Optenni Ltd. celebrates 10 years of
continuous innovation in matching
circuit synthesis and RF design au-
tomation. In 10 years, Optenni Lab
RF Design Automation Platform has
become the leading tool for match-
ing circuit synthesis for broadband,
multiband, multiport and tunable
matching circuits, utilizing their ex-
tensive component library of induc-
tors and capacitors and accurate
microstrip models. Optenni Lab is
used worldwide by leading wireless
companies in the telecommunica-
tion, automotive and medical sec-
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Aroundthe Circuit

tors to enhance the wireless performance of their prod-
ucts and to reduce the time-to-market.

Quectel Wireless Solutions has announced that its
NB-loT modules BC95-G and BCé8 are now certi-
fied to operate on SoftBank’s network in Japan. The
two modules will give loT integrators, developers
and OEMs the ability to deploy fixed and mobile loT
applications on SoftBank’s stable network in Japan.
Designed for global markets, BC95-G and BCé8 are
multi-band NB-loT modules, both of which work on
LTE FDD bands of B1/B8 on the carrier's network. They
provide ideal solutions for a wide range of loT applica-
tions such as smart metering, bike sharing, smart park-
ing, smart city, security and asset tracking, smoking
detectors, home appliances, agricultural and environ-
mental monitoring, etc.

CONTRACTS

Affinity Innovations LLC announced the award of De-
fense Information Systems Agency’s System Engi-
neering, Technology, and Innovation (SETI) contract.
SETl is a $7.5 billion multiple-award task order con-
tract with IDIQ put in place to streamline critical engi-
neering expertise, and to research, design, develop,
integrate and optimize DoD information technology
capabilities.

Transphorm Inc. announced that the DoD Office of
Naval Research (ONR) has exercised a three-year $15.9
million option on an existing $2.6 million base contract
with the company. This contract, N68335-19-C-0107,
administered by Naval Air Warfare Center Aircraft Divi-
sion, Lakehurst establishes Transphorm as a U.S.-based
dedicated production source and supplier of GaN epi-
wafers for DoD and commercial RF/mmWave and pow-
er electronics applications. The award comprises a base
program for key technology development/transfer and
an option program to establish production scale capa-
bility.

Sivers IMA has received a design-in order for SEK1.3
million (approximately $135,000) for 60 GHz RFICs
and support services for two broadband applications
in China. The order was placed by Sivers’ Chinese re-
seller Matrix Electronic Co. Ltd., which will provide
the products and support services to an end customer
in mainland China. According to a Sivers IMA press re-
lease, this is the company’s first Chinese order for a 60
GHz unlicensed application. If successful, the design-
in could lead to “significant volumes” for high speed
transportation and Gbps fixed wireless access applica-
tions.

Lockheed Martin (LM) has received three contracts
from the U.S. Army to produce additional Q-53 sys-
tems and outfit the radar with enhanced capabilities,
including extended range and counter unmanned aeri-
al system (CUAS) surveillance. The flexible architecture

POWER AMPLIFIERS

Empower RF provides the most modern, sophisticated,
flexible and technologically advanced COTS
amplifier systems in the world.

8 kKW rused
= 2 kWcw

; 1 kWcw
noy

CASSIS in BU
» Chassis

HF to X-band
CW & Pulse
COTS & Custom

500 W cw

in3Y

1 o015
=W .

Rack Mount System Amplifiers

Best in Class Power Density (SWaP)
Inherently Rugged Design Includes Internal “Connector-less” RF Path New 48V Modules Available!
Liquid Cooling Available Analog or Digital Control
CW, Pulse, and Long Duty Cycle Pulse Feature Rich

EMPOWER & www.EmpowerRF.com
=) RF SYSTEMS, INC. 1(310)412-8100

46 Content is copyright protected and prov@ed for personal use only - not for repm&},}g%?&x}: relansmission. - 2019
For reprints please contact the Publisher.

RF and Microwave Modules




Satisfy All Your RF & Microwave
Amplifier Needs

 ——

0 -

L O
@ 429 o
e ———
Sold State 6 To 18 GHz Single Band Amplifiers E .
Class A Amplfiers Up t0 40 Watts CW, Now Wih Liguid Cooling [
L

Unit provides excellent gain flatess and % to 1 output protection. = -
Ideal for EW & radiated susceptibility testing. el Ll
- @ aby o

o -

—

Solid State 700 MHz to 18 GHz Dual Band Amplifiers
AR offers the widest Class A solid state frequency range coverage
in a single amplifier housing. These amplifiers come in a
split band configuration from 0.7 to 6.0 GHz up to 60 watts

Solid State 700 MHz to 6 GHz, Single Band Amplifiers, and 6 to 18 GHz up to 40 watts CW. It costs less, weighs
Hybrid Modules to 50 Watts, Benchtaps to 500 Watts CW less, and takes up less space than two separate amplifiers.
Class A designs for linear applications; Class AB designs for
increased power and efficiency. Applications include EW]
reliability stress screening and EMC test.
®

I}. s \’ AR's Universal Solid State Class A Amplifiers
10kHz - 1000MHz
. ' Single Band 1, 2.5, 10, 25, 50, 100 Wtts
Solid State 0.8 to 4 GHz Pulsed Amplifiers AndNow Up To 250 Watts!

Octave & Sub-Octave Bandwidths & Up to 150,000 Watts
For automotive and military EMC radiated susceptibility

testing, as well as radar and communication applications. Longer reliability
and shorter delivery than comparable TWTA's.

Low Cost/High Performance.

wwaw.arworld.us/advantage

1SO 9001:2015
Costified
. Celebrating 50 Years & Still Going Strong
|
QT QLULSIONS: TJ/MICTOWAVE MSTImentation * MOAUIar 1] * Sundr 1] MOton * ar europe Download the AR RF/Microwave Mobile App: wwww.arworldas/arApp
USA 215-7238181. For an applications engineer, call 800-933-8181. Copyright © 2019 AR.

In Europe, call ar United Kingdom +44 1908 282766 * ar France +33147917530 ¢ ar Deutschland +49 6101 802700 © ar Benelux +31 172423000 The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.

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



INTEGRATED
MICROWAVE ASSEMBLIES
AND COMPONENTS

INTEGRATED
ASSEMBLIES

*» Solid State Switch Based
Assemblies

* Switch Matrices on a substrate

* Direction Finding and Beam
Forming Networks

+ Custom Integration and turn Key

SOLID STATE
SWITCHES
* DC to 40 GHz

* SPST to SP65T configurations
Any design can be optimized for

specific frequency range, insertion loss,

isolation, intercept points, switching
speed and VSWR.

SOLID STATE
VARIABLE
ATTENUATORS

* Phase Invariant, Broad Band or
Octave Band models available

« Attenuation Ranges 30-120 dB

* 10 MHz to 18 GHz bandwidths
available

« Digital, Analog or Current
Controlled
Variable Attenuators

* Designed to meet MIL Std 202
(additional screening available)

LOG VIDEO
AMPLIFIERS

+ Standard products - 50 and
70 dB dynamic range
SDLVA & DLVA

* CW immunity circuits
available for all models

40 YEARS OF PURSUING EXCELLENCE
THROUGH ENGINEERING

l\\\

MIL 883 CAPABLE - 1S09001:2015 REGISTERED
7309-A GROVE RD | FREDERICK, MD
PHONE 301.662.4700 | FAX 301.662.4938
AMERICANMIC.COM | SALES@AMERICANMIC.COM

48

Aroundthe Circuit

of the Army’s most modern radar allows for these up-
grades, which support adaptable growth of the system
to address aircraft, drone and other threats in the future.
The Army awarded LM a contract for the third lot of 15
Full-Rate Production systems. Once this contract is de-
livered the Army will own 189 Q-53 systems.

The U.S. Navy has awarded BAE Systems a prime con-
tractor position on a new IDIQ contract to enhance mar-
itime operations and flight safety systems aboard new
construction aircraft carriers and large deck amphibious
ships, to include refueling and complex overhaul ships.
BAE Systems was one of three contractors awarded the
opportunity to bid on future integration, engineering,
assembly, testing and installation focused task orders
awarded throughout an eight-year ordering period. The
work will be performed to enhance a variety of distrib-
uted systems that provide network capabilities, com-
munications, command and control, intelligence and
non-tactical data management.

The sensor solutions provider HENSOLDT is equipping
the second batch of the German Navy's K130 corvettes
with its TRS-4D Rotator naval radar and its MSSR 2000
ID friend-or-foe identification system (IFF). Only six
months after the order was placed, the company has
now successfully passed the factory acceptance test by
the German procurement authority BAAINBw for the
second system. HENSOLDT has received orders for
seven radars which are intended for five ships and two
land-based systems and are to be delivered by 2022.
The company had previously equipped the first K130
batch with its proven TRS-3D radar.

PEOPLE

Science Applications International
Corp. (SAIC) and its board of direc-
tors have announced Nazzic S. Keene
as CEO effective immediately. Keene,
who most recently served as COO of
SAIC, succeeds Tony Moraco who has
retired after serving as CEO since
2013. Keene is a well-respected
A Nazzic S. Keene industry leader with three decades of
experience in information systems
and technology services, and more than 20 years in ex-
ecutive management. Prior to serving as SAIC's COO,
she was the president of the company’s Global Markets
and Missions sector and led Corporate Strategy.

National Instruments (NI) announced
the appointment of Ritu Favre as SVP
and GM of the semiconductor busi-
ness. In this role, she will set the stra-
tegic direction to grow the semicon-
ductor business at NI, building on the
company’s momentum in this indus-
try. Favre brings to NI her experience
A RituFavre in general  management  and
executive leadership roles in the RF
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and semiconductor industries, including CEO of NEXT
Biometrics and a member of Cohu board of directors.
Before NEXT Biometrics, Favre was SVP and GM at Syn-
aptics, a biometrics firm. Earlier, she led the RF power
business segment at Freescale, after a long career be-
ginning at Motorola in 1988.

Theodore S. Rappaport, a NYU pro-
fessor and founding director of the
research center NYU WIRELESS, will
be inducted into the Wireless History
Foundation (WHF) Wireless Hall of
Fame at the Foundation’s Awards
Dinner in Los Angeles on October 23.
Rappaport also recently became the
recipient of the IEEE 2020 Eric E.
Sumner Award, named in honor of
the late IEEE President Eric E. Sum-
ner, who was instrumental in developing early switching
systems. Rappaport will receive the Sumner medal at
the 2019 IEEE Global Communications Conference in
Hawaii in early December.

AI Theodore S.
Rappaport

REP APPOINTMENTS

Hirose has expanded its distribution network to bet-
ter serve customers in the RF and microwave market.
Hirose will work with RFMW to enhance customer re-
sources and provide best-in-class RF design solutions.
RFMW will support Hirose's extensive product offering
with a focus on RF and microwave components port-
folio including attenuators, terminators, dividers, direc-
tional couplers equipped with SMA/BNC/N standard
coaxial connectors.

KP Performance Antennas has announced a partner-
ship with global equipment distributor Winncom Tech-
nologies, to offer its products to a worldwide customer
base. As an authorized stocking distributor of KP Per-
formance Antennas, Winncom can now offer their cus-
tomers a wide range of antennas to address a myriad
of wireless networking applications. Through Winncom,
customers will have immediate access to KP’s broad
antenna offering, which includes complete solutions
covering the tower to the subscriber. By partnering with
Winncom, the company will now be able to reach even
more customers, providing them with the latest an-
tenna designs and technologies along with Winncom'’s
best-in-class technical, engineering, logistics and sales
support.

PLACES

Altum RF announced the opening of its Sydney R&D
office. The lab and office space is ideally situated in
the area of Ultimo, adjacent to the Sydney Innovation
and Technology Precinct, and a short walk from Sydney
University, University of Technology Sydney and Central
Station.
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Computer-Controlled K-Band
Frequency Synthesizer Using Self-
Injection-Locked Phase-Locked
Optoelectronic Oscillator: Part 2

Afshin S. Daryoush, Tianchi Sun, Kai Wei and Francis T. Pantano
Drexel University, Philadelphia, Pa.

Ajay K. Poddar and Ulrich L. Rohde
Synergy Microwave Corp., Paterson, N.J.

In Part 1, a highly stable computer-controlled K-Band frequency synthesizer is demonstrated using
a tunable optoelectronics oscillator (OEQ). LabVIEW software control of a modular rack-mountable
frequency synthesizer is achieved from 16 to 24 GHz. A narrowband computer-controlled filter is
realized using a broadband YIG filter combined with a narrowband, optically-tuned transversal filter.
A forced self-injection-locked phase-locked loop (SILPLL) technique is employed to suppress side-
modes generated in OEOs, caused by the long fiber delay lines, and further reduce the oscillator
phase noise, reaching an estimated 12 fs timing jitter. Computer control of this SILPLL OEQO is
demonstrated by achieving both linear chirp (FMCW) and pseudo-random frequency hopping. In
Part 2, future generations of the forced SILPLL-based OEQ are introduced based on integrated
optoelectronics. A Si photonics OEO design is presented using an optical phase modulator in place
of the conventional optical intensity modulator, by employing a Sagnac loop as a phase modulation
(PM) to intensity modulation (IM) convertor. One hundred percent PM sensitivity improvement is
achieved by using a 1D photonic crystal superstrate to lateral electro-optic (EO) polymer-based PM.
A forced SILPLL K-Band synthesizer using this improved PM is modeled with estimated phase noise
of =148 dBc/Hz at an offset frequency of 10 kHz from a 20 GHz signal. A compact multi-mode laser
is also developed, where forced oscillation achieves a clean intermodal oscillation frequency at
X-Band, with a phase noise of =98 dBc/Hz at 10 kHz offset. This can be extended to K-Band.
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transmission. Forced oscillation

quency stability.? This structure has been

igh frequency oscillators are oscillator, based on energy storage using
important for high speed data long optical delay lines to achieve high fre-

has been used as a technique’-3
to stabilize oscillators, and various optical
distribution techniques have been reported
for stabilization of remotely located oscil-
lators using an external frequency refer-
ence.*8 The OEO is a new category of

widely employed for high frequency oscil-
lators because of its high spectral purity,'0
and it has been extended to 50 GHz.'" One
of the challenges encountered with OEOs
is the temperature sensitivity of long fiber-
optic delay lines,'2 which can be improved
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TABLE 1
X- AND K-BAND FREQUENCY SYNTHESIZERS BASED ON THE
SILPLL OEO
Frequency Tuning Range (GHz) 8to 12 16 to 24
Computer Control Accuracy (kHz) <10 <20
Manual Control Accuracy (Hz) <35 <70
RF Output Power (dBm) >14 >10
SSB Phase Noise (dBc/Hz)
1 kHz Offset -109.97 -102.30
10 kHz Offset -136.45 —-127.37
100 kHz Offset -141.91 -133.16
10 MHz Offset —143.66 —-140.67
Timing Jitter, 300 Hz to 10 MHz (fs) 8.5 11
Side-Mode Levels, 300 Hz to 10 MHz (dBc) <-100 <-100
Short-Term Stability Over 60 min (ppm) +0.15 +0.15
Prime Power Consumption (W) 20 20
Package Size (in.) 19x14x9 19x14x9
Package Weight (Ib.) <30 <30
Output Connector SMA (F) SMA (F)

by employing passive tempera-
ture compensation using special
hollow-core photonic crystal fibers
(HC-PhC),"3 resulting in both short-

and long-term frequency stabil-
ity. Forced oscillation techniques
help to reduce the oscillation side-
modes.' Using an injection-locked
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phase-locked loop (ILPLL) improves
phase noise close to the carrier, re-
duces pull-in time, enhances the
locking and tracking ranges over
the standard IL or PLL and reduces
prime power and reduces space
compared to a multiplier chain.’®

Self-forced oscillation is an ap-
proach employed in X- and K-Band
frequency synthesizers!”-1? without
any external frequency reference,
using integrated concepts of self-
[L20 (SIL) or self-PLL2T (SPLL) for
improvement in phase noise, both
close to and far from the carrier. Os-
cillation side-modes are also sup-
pressed using multiple loops with
anharmonic or non-harmonic de-
lays. The concept of SIL and SPLL
are combined as SILPLL for dem-
onstrated improvement in close-in
phase noise of dielectric resona-
tor oscillators??2 and its significant
side-mode suppression, which has
led to low timing jitter.23 Part 1 of
this article2 reviewed the design
implementation and testing of a 19
in. rack-mountable, computer-con-
trolled K-Band frequency synthesiz-
er with high frequency resolution,
using a Mach Zehnder modulator
(MZM) SILPLL OEO with a YIG filter
combined with an optical transver-
sal filter. The synthesizer achieved
extremely narrowband frequency
selection, with operation at either
X- or K-Band using bias voltage
control. The performance of the
X- and K-Band OEO synthesizers is
summarized in Table 1.

Part 2 of this article discusses
straightforward changes that re-
duce the size and cost, which also
improve the environmental sensi-
tivity of the synthesizer. Building
on these, innovations are explored
using custom integration of the
SILPLL in various degrees to imple-
ment the OEO. The first step to re-
duce the size of the frequency syn-
thesizer is to use alternative com-
mercial computer-controlled power
supplies and integrate the fiber
laser and fiber amplifier modules.
The innovations adopts Si photon-
ics integration to convert the opti-
cal IM to a PM that is DC bias free
and less sensitive to the pyroelec-
tric and piezoelectric properties of
the optical modulator. The design

H SE
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A Fig. 1 Electro-optic PM with integrated 1D PhC driven by in-plane CMS electrodes.

employs EO polymer-based phase
modulators?4-26 implemented with
a Si photonics Si BICMOS topol-
ogy. Incorporating a photonic crys-
tal (PhC) slow light structure to the
PM?25-26 |eads to a nonlinear disper-
sive group velocity that enhances
modulation sensitivity. Realization
of the PM-based OEO employs PM
to IM using a Sagnac loop.27-27
The simulated results for a future
generation K-Band synthesizer us-

ing a SILPLL OEO show improved
phase noise. The improved modu-
lation efficiency reduces the noise
figure of the fiber-optic delay lines,
which in turn reduces the close-
in phase noise of the OEO. A low
cost, compact and stable OEO
system is proposed using the inter-
modal oscillation output of an in-
tegrated multi-mode laser.30-32 Ex-
perimental results of this chip-level
intermodal oscillator demonstrate
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the forced oscillation performance.
The roadmap to a fully integrated
IC using high Q-factor annular res-
onators as optical delay elements is
discussed.

SIZE REDUCTION AND
FREQUENCY EXPANSION

In Part 1 of this article,24 the de-
sign and implementation of a K-
Band frequency synthesizer using
OEOQO techniques were reported.
Even though the prototype syn-
thesizer shows great frequency
stability, size, weight and frequen-
cy coverage compared to other
commercially available electronic
or optoelectronic synthesizers, the
design can be further improved.
In the implementation described,
most of the physical space and
weight in the box were from the
Agilent power supply. This supply
can be replaced with a compact
AC-DC convertor module from XP
Power (PBM200PQO5-C), with the
size of the new supply only 10 in.
x 6in. x 2.25 in.—only a quarter of
the size of the Agilent supply. The
weight of the new unitis 1.83 Ibs, a
reduction of 90 percent.

The erbium-doped fiber ampli-
fier (EDFA) can be integrated and
placed inside the OEO box. In
the initial design, the EDFA from
Shandong Wanshuo Optoelec-
tronic Equipment Co. contained
two power supply modules for
redundancy, one a backup to en-
sure reliable performance. An
EDFA with only a single supply, a
mother board for control and the
other components would reduce
the size to approximately half of
the original Agilent power supply.
This new EDFA would easily fit with
the compact power supply mod-
ule, yielding a total weight saving
of about 18 percent and a size re-
duction of 20 percent. The revised
system using modular components
would occupy a total volume of
1200 cubic in., with the computer-
controlled power supply and EDFA
consuming 470 cubic in. The over-
all weight of the new design will be
under 25 lbs, and the system can
be integrated in a single housing
compatible with 19 in. rack mount-

ing.
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Extending the frequency cover-
age of the synthesizer is also feasi-
ble. The first design covers 16 to 24
GHz. Because of the advantages of
the OEO system and using the half-
wave voltage (Vm) of the intensity
modulator, only a few components
need to be updated to extend the
upper frequency to 40 GHz: the
photodiode, intensity modulator
and RF amplifiers. For the optical
modulator, the T.DEH 1.5-40-ADC
from Sumitomo33 or the OC-768
from EOSPACE?/ are options to
extend the bandwidth to 40 GHz.
An ultra-high speed photodetec-
tor from Discovery Semiconductors
(DSC30S) will be suitable for 40
GHz, and low noise amplifiers from
B&Z (e.g., BZ-30005000-550820-
152020) covers the additional re-
quired bandwidth. With little sys-
tem engineering and component
replacement, the new synthesizer
will operate to 40 GHz.

Si PHOTONICS SYNTHESIZER

Even though simple revisions
can significantly reduce the size
of the synthesizer, the sizes of the
optical fiber mandrills and complex
circuits limit further reduction; an
integrated solution is necessary to
go further. Also, the performance
of the modular RF components will
affect the performance above 60
GHz. An ideal realization of a high
frequency synthesizer covering
above 24 GHz requires integration
of the optoelectronics circuitry us-
ing Si photonics.

The first step is a hybrid inte-
grated SILPLL system33 using EO
polymer-based optical modula-
tors. To avoid the bias dependent
characteristics of the MZM, an op-
tical phase modulator design?’ is
considered using a Si photonics
technique compatible with SiGe
BiCMOS fabrication. The structure
of the proposed phase modula-
tor with 1 cm interaction length is
shown in Figure 1. PMMI-CPO-1
is chosen as the optical core mate-
rial (20 wt%), which has a refractive
index of 1.63 and a conservative
EO coefficient of 70 pm/V at 1550
nm. Norland Optical Adhesive 65
(NOAG65) is selected as the clad-
ding material; it has a refractive
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A Fig. 4 Photograph of DBR multi-
mode laser to generate inter-modal
oscillation.

index of 1.51 and a loss tangent
of 2.2 x 10~2. The geometrical di-
mensions of the in-plane coupled
microstrip (CMS) electrodes are
calculated to achieve a 50 Q char-
acteristic impedance: t = 1.6 pm,
Wews = 94 um, gews = 10 pm, hg =
40 UM, thprom = 0.2 ), hppe = 0.6
pm and hy e, = 0.2 upm.27

To enhance modulation effi-
ciency, a slow light 1D PhC struc-
ture with lattice constant of 470
nm, consisting of a base material
of PMMI and a substrate with 47
nm of air gaps is placed close to
the optical core as a superstrate.
The dispersive characteristic of the
propagating light inside the optical
core is affected by the slow light ef-
fect, as depicted in Figure 2. The
effect is maximized when the PhC
layer touches the optical core, with
the optical loss a significant side-
effect. The dispersive effect gets
stronger as the PhC layer thickens,
at the cost of increased optical loss.
A combination of hy g of 0.6 pm
and hp,c of 0.2 pm represents a
compromise between the thickness
of the buffer layer and height of the
PhC layer. The modulator figure of
merit Var x L and optical loss were

modeled at approximately 3 Vem
and 3 dB/cm, respectively, using
a commercial optical simulator,
OptiBPM. Compared to a Var x L
of 7.2 Vem for a phase modulator
without the PhC layer, the half-volt-
age magnitude is more than 100
percent improved.

The realization of the SILPLL-
based OEO is based on a Sagnac
loop?8 (see Figure 3), where the in-
put light coming from the tunable
laser source is fed into an optical
coupler and equally divided into
clockwise (CW) and counter-clock-
wise (CCW) paths around the loop.
Both CW and CCW signals propa-
gate through the phase modulator
and travel around the other half
of the loop, where only the CCW
propagating signal is phase shifted
by a non-reciprocal phase shifter,
because of the polarization control-
ler. The simulated phase noise per-
formance is better than —148 dBc/
Hz at 10 kHz offset using this SIL-
PLL architecture??-30 (see Table 2).

InP SYNTHESIZER

The second innovation is a
monolithically integrated design,
where the whole synthesizer is real-
ized as a single InP IC, which will
operate beyond K-Band. RF oscil-
lation is achieved using the inter-
modal oscillation output of a long
multi-section, multi-quantum well
DBR semiconductor laser (see Fig-
ure 4), which provides the laser
realization for the synthesizer.31-33
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The laser consists of four major
sections,34 the distributed Bragg
reflector (DBR), gain medium,
phase tuning section and electro-
absorption modulator. The DBR is
used as a filter to select the laser
output frequency,3> and the phase
section tunes the intermodal out-
put to achieve the desired RF out-
put. With this technique, the whole
system can be realized within a 5
mm x 2 mm chip without an out-
side circuit, which is significantly
smaller than any conventional RF
synthesizer. The performance of
the intermodal output at 11.6 GHz
is shown in Figure 5. Free running,
the output phase noise is around
—-30 dBc/Hz at 10 kHz offset. With
SILTSPLL23 applied, the phase
noise drops to —98 dBc/Hz at 10
kHz offset with an offset phase
modulator bias of 0V, yielding a 68
dB phase noise reduction from the
free-running case.

CONCLUSION

The first article in this two-part
series demonstrated a computer-
controlled K-Band synthesizer us-
ing a MZM-based OEO architec-
ture. Suppression of intermodal
oscillation from the long fiber-optic
delay lines reduced the close-in
phase noise,23 with measured re-
sults about —130 dBc/Hz at 10
kHz offset over the full frequency
range from 16 to 24 GHz. This sec-
ond article discusses approaches

For reprints please contact the Publisher.

for reducing the size and cost of
the OEO synthesizer by using
a PhC-PM device and a Sagnac
loop phase modulator to intensity
modulator convertor.28-27  Using
the PhC-PM instead of the MZM
OEO requires forced SILPLL tech-
niques and achieves an estimated
—148 dBc/Hz phase noise at 10 kHz
offset. PhC-PM design concepts
compatible with Si photonics could
be integrated with SiGe BiCMOS
technology for a full monolithic in-
tegration of the photonic and elec-
tronic circuits. Forced-oscillation
control of an InP based DBR semi-
conductor laser is another alterna-
tive to full monolithic integration.
Various high quality factor, low loss
optical resonators (e.g., SizN, and
SiO,) could be employed in place
of km-long fiber-optic delay lines to
further reduce the size of the opti-
cal components used in the SILPLL
structure. For example, whispering
gallery mode resonators with Q-
factors to 108 and optical ring reso-
nators with Q-factors to 10° have
been demonstrated,3¢ which could
be integrated using a Si photonics
process. These proposed solutions
make the realization of OEQOs very
attractive for future generations
of instrumentation, communica-
tions and sensing.
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mmWave Technology Enables
Faster, Safer, Privacy-Conscious

Travel

Sherif Ahmed and Andreas Schiessl|
Rohde & Schwarz, Munich, Germany

68

he security checks passengers un-
I dergo before boarding flights are
changing, the aim being to scan more
passengers while reducing waiting times—
and, of course, improving threat detection
to ensure safety and security. Walk-through
metal detectors (WTMD) are a familiar pre-
flight security check. Although familiar, they
are far from ideal: frequent “false positives”
oblige security staff to perform many manual
checks that are labor-intensive and detract
from the traveler's experience. Of more con-
cern, the equipment cannot detect plastic or
liquid explosives or ceramic blades.

As threats are evolving, so must the se-
curity techniques, while achieving important
practical and privacy goals:
® Privacy is a key concern. New equipment

and procedures must respect the privacy

and dignity of travelers and not place se-
curity staff in awkward or stressful situa-
tions.

e Safety is critical. Scanners cannot use ra-
diation harmful to passengers or security
staff.

Content is copyright protected and provided for personal use only - not for repro
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® Checks need to be completed quickly, as
the average time from front door to de-
parture lounge is an important metric for
airports.

* Cost is always an issue. The equipment
must be affordable and not require addi-
tional staff.

* A less obvious concern is size; space in
busy airports is scarce and a premium. A
security system involving large or power-
hungry equipment, extra rooms or dedi-
cated security areas is impractical.

mmWAVE SCANNERS

mmWave scanners meeting these re-
quirements offer a better alternative to the
traditional WTMD and are already being
introduced at leading airports around the
world. From the passenger’s perspective,
the difference between the new scanner
and the familiar metal-detector gate is the
requirement to stand still for a few seconds
inside the machine, facing the scanner with
the arms away from the body. In addition to
detecting a wider range of threats involving
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non-metallic objects or substances,
the new scanners reduce the rate
of “false positives,” which shortens
the average time to screen each
passenger.

To protect the privacy and com-
fort of airline customers and ensure
a stress-free working environment
for security staff, the new scanners
take advantage of advanced ma-
chine-learning techniques to avoid

inspecting actual body images.
They use several technical innova-
tions to meet the goals for scan
time, equipment size and cost.

THE OPTIMUM mmWAVE BAND

Scanning with mmWave is intrin-
sically well-suited to airport secu-
rity. They have no ionizing effect on
the body’s cells and are considered
harmless to staff and passengers.

Feature FSL-2740 FSL-5067 FSL-7682
Fequency 571040 501067 761082
§gggg*;'s“9 100 100 100
Phase Noise -108 dBc/Hz -105 dBc/Hz -103 dBc/Hz
at 100 kHz at40GHz  at67 GHz at82 GHz
Figwer (min) +17 +17 +10
Quput  290mm  185mm  WR-2
70

QuickSyn Synthesizers
Now Extended to mmW

Low Phase Noise and Fast Switching
With USB/SPI Control

We've extended our popular QuickSyn Lite frequency synthesizers to three
commonly used mmW bands—27t040 GHz, 50t067 GHz, and 76t082 GHz
for high-speed short-range data links, WirelessHD, IEEE 802.11ad, digital
radios, automotive radars, etc. QuickSyn mmW frequency synthesizer
modules are ideal for demanding application environments like field trials
and embedded systems where bulky benchtop solutions were the only choice.
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877 474 2736
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©?2015 National Instruments. All rights reserved. National Instruments, NI, and ni.com are trademarks of National Instruments.
Other product and company names listed are trademarks or trade names of their respective companies.

In comparison, ultrasonic scanning,
although harmless, has a very short
range; a coupling medium—usually
a gel—is required to ensure image
quality. This is obviously impractical
in an airport.

Wavelengths in the 1 to 10 mm
range are suitable for non-contact-
less scanning and allow a suitable
combination of penetration depth
and spatial resolution to detect ob-
jects airline passengers may seek to
conceal beneath clothing. In choos-
ing the best wavelength, there is a
trade-off between penetration and
spatial resolution. A spatial resolu-
tion of about 2 mm is considered
adequate for security applications,
so E-Band (60 to 90 GHz with wave-
lengths of 5 to 3.3 mm) provide
reliable object recognition and ad-
equate penetration to reach the
surface of the skin. Within this band,
working in the 70 to 80 GHz range
allows equipment designers to use
existing components and knowl-
edge from automotive radar appli-
cations, which shortens the devel-
opment time.

PASSIVE VS. ACTIVE
SCANNING

mmWave images can be cap-
tured passively by detecting the
characteristic radiation of an ob-
ject and the natural background
radiation. This is suitable for equip-
ment used outdoors, where the
background radiation temperature
is typically below 100°K. Indoors,
however, the radiometric contrast
between the object and background
is much lower. Although this can be
addressed using cooled detectors,
passively detected radiation can be
confused with thermal noise, result-
ing in a lack of depth information
about the object. Obviously, this is
not ideal when the goal is to classify
objects quickly and accurately and
identify concealed weapons, while
reliably avoiding false positives.

For this reason, active scanning is
preferred for security systems. This
involves illuminating the subject by
transmitting low-power mmWave
radiation. With the high water con-
tent of human tissue, the body acts
as a strong reflector. Accurately
characterizing the reflections en-
ables the system to identify vari-
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ous objects concealed against the
skin. With active scanning, antenna
positioning is critical to minimize
the effects of unwanted reflections.
Where conventional industrial ap-
plications using active mmWave im-
aging operate at far-field distances,
long-range imaging is impractical to

3D FROM 2D

To reconstruct an accurate 3D
image of a scanned object requires
sampling a 2D aperture with a
broadband measurement signal at
each selected transmitter-receiver
combination. The transmitter/re-
ceiver design must be optimized

find small threats in security applica-
tions. Hence, airport security scan-
ners operate at close range.

both for depth and spatial resolu-
tion. For example, the high range
resolution needed to identify thin

11:48 AM

Why not try a different
approach hefore you
head to lunch?

Your second hoard is
ready to test.

10:05 AM

Your first board is
ready to test.

er a few tweaks,
lu're ready to make
Wur finished board.

Your circuit design is
done and you're ready
to make a prototype.

Inished hoard is
IO go.

| Nice work. You just
shaved weeks off your
development schedule.

All in a day’s work

ProtoMat® Benchtop PCB Prototyping Machine

What would your day look like tomorrow if you could
cut yourself free from the board house and produce
true, industrial quality microwave circuits on any
substrate right at your desk? LPKF’s ProtoMat
benchtop prototyping systems are helping thousands
of microwave engineers around the world take their
development time from days and weeks to minutes
and hours. In today’s race to market, it's like having
a time machine.

“You can’t beat an LPKF system
for prototyping. We do up to
three iterations of a design
within a day.”

LPKF ProtoMat User

IPKE

Laser & Electronics

www.lpkfusa.com/pcb
1-800-345-LPKF
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objects, such as plastic explosives
formed in sheets, requires a large
signal bandwidth and correspond-
ing short pulse duration.

There are several ways to achieve
the required spatial resolution.
Conventional mechanical scanning
is not well-suited to the fast cycle
times needed for the mass screen-
ing of airline passengers. The typi-
cal alternative involves dense mo-
nostatic antenna arrays that require
large numbers of transmitter/re-
ceiver units, resulting in equipment
that is extremely expensive. Rohde
& Schwarz overcame this challenge
by combining synthetic aperture
algorithms from radio astronomy
with virtual aperture techniques to
create a new form of multistatic 2D
array. Such arrays comprise multiple
clusters of transmit and receive an-
tennas in a novel array architecture.
Digital beamforming algorithms are
applied to weight each antenna
with suitable phase and amplitude
factors to create an electronically
optimized aperture. Using a cost-
effective sparse antenna array, the
resulting system can achieve good
image quality at close range, with
minimal ambiguities.

In the multistatic array, each
transmitter sequentially illuminates
the volume in front of the system,
with all receive antennas activated
simultaneously to ensure coher-
ent sampling of the reflected field.
Subsequent processing calculates
the reflections and applies the nec-
essary error correction. Compared
to a monostatic array, multistatic
imaging requires significantly fewer
channels, while parallelizing the
data acquisition to allow near real-
time performance. The resolution
of the Rohde & Schwarz scanning
system is approximately a half-
wavelength, namely 2 mm. For a
given image resolution, the speed
of a digital beamforming system
depends mainly on the number of
measurements and the complexity
of the image formation algorithms.
This enables system performance
to be improved by leveraging suc-
cessive generations of DSP ICs with
higher clock speeds and greater
computational parallelism.
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TRANSMITTER/RECEIVER
DESIGN

To realize the system, Rohde &
Schwarz developed signal sources
that generate coherent RF and re-
ceiver local oscillator (LO) signals,
which are needed to coherently op-
erate the transmitters and receivers.
The signal source uses direct digital
synthesis (DDS) and a highly stable
oven-controlled crystal oscillator
(OCXO) to achieve accurate phase

stability. After the DDS, the transmit
signal frequency is multiplied to the
20 GHz range and distributed to the
clusters. At each chip, the RF and
LO signals are quadrupled to the
operating frequency and distrib-
uted to each of the four channels.
The antenna design is optimized to
ensure a small footprint and high
bandwidth. Figure 1 shows a trans-
mit/receive panel which integrates
approximately 100 transmit and 100
receive antennas.

ADVANC

Your Mission

NuPower™ Broadband Power Amplifiers

Part Number Freq (MHz)  Gain (dB) Power Out (W)
NW-PA-11B02A 100 - 2550 40 10
NW-PA-VU-4-GO1 225-512 35 10
NW-PA-11C0TA 225 - 2400 40 15
NW-PA-13G05A 800 - 2000 45 50
NW-PA-15D05A 800 - 2500 44 20
NW-PA-12B01A 1000 - 2500 42 20
NW-PA-12B01A-D30 1000 - 2500 12 20
NW-PA-12A03A 1000 - 2500 37 5
NW-PA-12A03A-D30 1000 - 2500 7 5
NW-PA-12A01A 1000 - 2500 40 4
NW-PA-LS-100-A01 1600 - 2500 50 100
NW-PA-12D05A 1700 - 2400 45 35
NW-PA-C-10-R01 4400-5100 10 10
NW-PA-C-20-R01 4400 - 4900 43 20

NuPower Xtender™ Broadband Bidirectional Amplifiers

Ul [11AN

Size (inches)
2.34x1.96 x 0.62
234x2.34x0.70
3.00x2.00 x 0.65
4.50x3.50x 0.61
4.50x3.50x0.61
3.00x 2.00 x 0.65
3.00x 2.00 x 0.65
1.80x 1.80x 0.50
1.80x 1.80x 0.50
3.00x 2.00 x 0.65
6.50 x4.50 x 1.00
450x3.50x0.61
3.57x2.57x0.50
4.50x3.50x0.61

Trusted RF Solutions™

Part Number Freq (MHz)  Gain (dB) Power Out(W)  Size (inches)
NW-BA-VU-4-GX02 ~ 225-512 35 10 2.34x2.34x0.70
NW-BA-12B04A 1000 - 2500 35 10 3.00x2.00x1.16
NW-BA-12C04A 1000 - 2500 35 15 3.00x2.00x 1.16
NW-BA-C-10-RX01  4400-5100 10 10 3.57 x2.57 x 0.50
NW-BA-C-20-RX01 4400 - 4900 43 20 5.50x4.50x0.71
Broadband High Intercept Low Noise Amplifiers (HILNA™ )
Part Number Freq(MHz)  Gain (dB) OIP3 (dBm) Size (inches)
HILNA-HF 2-50 30 30 3.15x250x1.18
MHILNA-V1 50-1500 20 31 1.00x 0.75 x 0.50
HILNA-V1 50-1000 20 32 3.15x2.50x 1.18
HILNA-G2V1 50-1000 40 31 3.15x2.50x 1.18
HILNA-LS 1000 - 3000 50 LX) 2.50x1.75x0.75
HILNA-GPS 1200 - 1600 32 30 3.15x2.50x 1.18
HILNA-CX 5000 - 10000 35 21 1.77x1.52x0.45
NuWaves www.nuwaves.com
engineering 513.360.0800

Middletown, OH
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Based on the innovative sparse-
array design, a full-size body scan-
ner can be realized with about
12,000 channels. Although this is
far less than would be required to
achieve a similar system using con-
ventional antenna array and imag-
ing knowhow, many discrete front-
ends would be needed using cur-
rent commercial RFICs, which have
been developed for systems with
few channels. Practical space con-
straints demand higher integration,
and the RF front-end must be closely
integrated with the RF signal source
and antenna to minimize interface
losses at mmWave frequencies. As
suitable modules were not available
commercially, Rohde & Schwarz
worked with Infineon to produce a
custom RF front-end chipset com-
prising a four-channel transmitter/
receiver MMIC fabricated with Infi-
neon’s SiGe:C bipolar process. The
MMICs are carefully packaged to
maintain the bandwidth and reduce
production cost (see Figure 2).

PROTECTING PRIVACY WITH Al

The security system can image
features as small as a few millime-
ters and can show depth variations
down to 50 microns. The recon-
struction block automatically ana-
lyzes the image data using dedicat-
ed and optimized machine-learning
algorithms, tailored for security

Fig. 2 SiGe RFIC packaging.
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scanning. Each part of the 3D image
is analyzed and observed to decide
if any location looks anomalous to
usual conditions. The algorithms are
also trained to be more accurate
finding relevant threats, including
but not limited to explosives, guns
and knives.

The accuracy of these machine-
learning algorithms enables the
system to reliably identify prohib-
ited items based solely on the data

Systems

3HcOmmun.cat.on - ,u,l?x o

“l

'ACCOMPLISH YOUR MISSION
WITH THE-SMALLEST

analysis, and no visible body image
is created at any point in the sys-
tem. Any detected threat or unusual
object is highlighted on-screen to
security staff by indicating the lo-
cation on an avatar (see Figure 3).
While protecting privacy, this also
provides a reliable guide for secu-
rity staff to quickly deal with a situ-
ation appropriately. The captured
mmWave data is discarded as soon
as the analysis is complete.

‘\‘,

‘MOST COST EFFECTIVE

CUSTOM RF/MICROWAVE FILTERS

Nano, SMT
Filters, 40 MHz
10 6.0 GHz, in
LC and Ceramic
Topologies

Miniature SMT,
Cavity Filters,
available from
5.0 to 25 GHz

@Jj\\\\\\ Communication
= Systems

When an off-the-shelf filter could compromise your mission, call on
the support of 3H Communication Systems. 3H specializes in high-
performance custom RF/microwave filter solutions from DC to 50GHz.

e Extensive experience with defense and prime contractors

e Cavity, Lumped Component and Ceramic topologies,
connectorized and/or SMT formats; printed, suspended
substrate, switch filter banks and multi-function assemblies

¢ 1S09001:2015 certified facilities; 5-year product warranty

Pico, SMT
Filters, available
from 5.0 GHz to

27 GHz

Miniature Filters,
Mil-Std-202;
compliant with
RoHS or NON-
RoHS options.

Talk to one of our engineers.

Call 949.529.1583 or visit
3HCommunicationSystems.com.
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Fig. 3 Detecting the exact location
of a threat without compromising
privacy.

Fig. 4 R&S QPS201 design.

SUMMARY

mmWave scanning is an effec-
tive threat detection technology. To
realize a practical and cost-effective
solution for airport security, Rohde
& Schwarz has addressed the tech-
nical and privacy challenges. The
resulting scanner uses innovations
such as multistatic imaging with
sparse antenna arrays, advanced
multi-channel MMICs and RF mod-
ules, high performance parallel pro-
cessing and machine-learning tech-
niques.

The Rohde & Schwarz QPS family
are the first commercial security scan-
ners to achieve these exceptional
technical advances, quickly receiving
praise from airport security agencies
worldwide (see Figure 4). Advanced
mmWave technology will provide
passengers with shorter security
queues, less intervention by security
staff and safe flights.l
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Prototyping an UWB Airborne =
Radar for Snow Probing Using
Modular Building Blocks

F. Rodriguez-Morales, C. Carabajal, A. Paden and C. Leuschen

Center for Remote Sensing of Ice Sheets, University of Kansas, Lawrence, Kan.

J. McDaniel

Advanced Radar Research Center, University of Oklahoma, Norman, Okla.

A. Wolf and S. Garrison
Kansas City National Security Campus, Kansas City, Mo.

A set of compact ultra-wideband (UWB) radar transmit/receive modules has been developed
using rapid prototyping. The modules are based on tailored microwave filters, off-the-shelf
building blocks from a commercial supplier and custom DC biasing circuits. As an intermediate

step toward full system miniaturization, the integration of microwave components using this
technique enables evaluation of different configurations to improve radar performance with a
reduced form factor. The modular transmitter and receiver provide a loop sensitivity of 160 dB
with T W transmit power and low range sidelobes. These modules are intended for airborne
snow probing applications requiring multi-GHz bandwidths to achieve cm-scale vertical
resolution. Laboratory test results indicate an overall performance improvement compared to

larger connectorized assemblies, and radar images demonstrate the utility of the modules for
measuring snow layers on terrestrial and marine ice from long-range aircraft. This work was
funded by the Department of Energy’s Kansas City National Security Campus, operated by
Honeywell Federal Manufacturing & Technologies LLC, under contract number DE-NA0002839
and the National Aeronautics and Space Administration (grant NNX10AT68G).
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WB microwave radars are widely
Uused for a variety of applications

ranging from medical imaging and
detection of concealed objects to airborne
geophysical surveys and mapping of infra-
structure.’* Because of their broad operat-
ing bandwidths, such instruments are able
to resolve closely spaced targets and me-
dia interfaces, making them ideal for mea-
surements of snow thickness and mapping
of seasonal snowpack changes (see Figure
1).> The University of Kansas’ UWB snow ra-
dar is a 2 to 18 GHz, frequency modulated
continuous wave (FMCW) system, originally
developed for gauging snow depth on sea
ice and mapping nival accumulation with cm
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resolution.® Previous versions of this instru-
ment employed either a connectorized or a
hybrid connectorized/printed circuit board
(PCB) assembly in the RF section and were
used to demonstrate UWB performance
onboard large fixed-wing aircraft for wide
coverage retrieval of snow thickness infor-
mation.6”/

Future applications, such as operation
on unmanned aerial vehicles, require reduc-
tion of the radar's SWaP. As an intermediate
step toward complete system miniaturiza-
tion, modular components from a commer-
cial supplier, X-Microwave,® were used to
evaluate different receiver and transmitter
configurations. The technique uses passive
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and active components mounted
on discrete PCB carriers arranged
in a grid pattern and connected
by flexible ground-signal-ground

(GSG) jumpers. Such an approach
is convenient for optimizing the
radar's RF performance—linearity,
receiver sensitivity, transmit power
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and overall performance—before
committing to a final design. It also
enables suitable chipsets, available
in both packaged and discrete die
formats, to be identified for future
miniaturization.

A 2 to 18 GHz radar reference
system using commercial connec-
torized parts was first built to estab-
lish a performance baseline. This
radar testbed was characterized in
the laboratory and used to collect
extensive snow cover data flying on
NASA aircraft over the Arctic and
Antarctic, supporting Operation Ice-
Bridge in 2017.7 Transmitter and re-
ceiver modules were subsequently
developed using the X-Microwave
framework and integrated in an im-
proved radar demonstrator.

This article describes the modu-
lar receiver, transmitter and upgrad-
ed 2 to 18 GHz radar system. Care-
ful selection and close integration of
these components improved radar
performance and demonstrated the
utility of the new modules for air-
borne radar systems measuring the
thickness of snow layers.

SYSTEM OVERVIEW

Figure 2 shows a simplified block
diagram of the radar system. The
waveform generator produces a
linear frequency modulated signal
(chirp) in the 2 to 18 GHz spectral
range. The chirp signal is filtered
and amplified by the transmitter be-

A Fig. 2 UWB radar block diagram.

fore feeding the transmit antenna.
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The scattered signal from the observed scene is cap-
tured by a second antenna and conditioned by the filter
and low noise amplifier in the receiver front-end. A rep-
lica of the transmit signal is injected into the local oscil-
lator port of the mixer to de-chirp the amplified received
signal. The intermediate frequency (IF) at the output of
the mixer is highpass filtered to reject spectral content
produced by direct coupling between the transmit and
receive antennas. The IF signal is amplified and band-
pass filtered before being converted by the analog-to-
digital converter (ADC) in the data acquisition (DAQ)
system, which stores GPS time-stamped range profiles.
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A Fig. 3 Drop-in highpass filter in a test vehicle (a). Measured
drop-in vs. connectorized highpass (b) and lowpass (c) filters.
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The radar is carried onboard an airborne platform with
the antennas mounted under the fuselage. The fine
resolution of the system, due to its UWB operation, is
advantageous for the detection of thin snow cover on
sea ice and mapping seasonal accumulation of snow on
glacial ice or the ground (see Figure 1).6-7

Filter Development

Microwave filters provide frequency selectivity within
the radar, specifically at the receiver input, to eliminate
interference from other onboard radar systems operat-
ing at VHF (180 to 210 MHz), UHF (600 to 900 MHz)
and Ka-Band (32 to 38 GHz). Yan, McDaniel et al.6.10
developed a set of tailored highpass and lowpass filters
on suspended substrate stripline, operating from 2 to
18 GHz. The coaxial launch structure of these filters was
modified to create a drop-in component compatible
with the X-Microwave building block architecture.

The filters installed on a test vehicle (see Figure 3a)
enable the transition to planar transmission lines at-
tached to coaxial probes. Figures 3b and 3c show the
measured responses for both filters, compensated for
probe losses and compared to the discrete implemen-
tations. The highpass filter response is comparable to
that of its connectorized counterpart, with an overall im-
provement in return loss over 6.5 to 16 GHz. Return loss
for the two implementations is generally comparable up
to 8 and beyond 15 GHz, with some differences versus
frequency. Roll-off of the drop-in lowpass filter is slightly
faster than that of the connectorized implementation.
Similar effects in other samples of the same batch, ac-
companied by good return loss to 18 GHz, indicates dif-
ferences in filter responses, not an issue with the coaxial
launch.

Module Assembly

Multiple chipsets for the receiver and transmitter
designs were tested to achieve the best overall per-
formance; in particular, different mixer devices were
evaluated to minimize short-range leakage'! or “coher-
ent noise” in the receiver. Coherent noise is an artifact
inherent in FMCW radars caused by coupling between
the transmitter and receiver through various paths and
mechanisms, including the antennas and mixer ports.
The main contributors to coherent noise include the
chirp’s own phase noise and in-band harmonics, as well
as self-mixing products of the main chirp signal with
internal reflections. Mixer impedance match and inter-
port isolation are critical to minimize coherent noise. Of
the wideband mixers evaluated, the best was a connec-
torized component with field-replaceable connectors,
which was used as a drop-in block. Using LO driver am-
plifiers with low phase noise also improves performance.
To achieve at least 1 W output power (versus the 0.1 W
in the connectorized reference system), a 4 W capable
amplifier under-driven to 1 W was chosen to lower the
in-band harmonics and reduce coherent noise.

One of the requirements using the X-Microwave
building blocks is precise alignment between the ad-
jacent carriers in a component chain with their cor-
responding GSG jumpers. Full-wave electromagnetic
simulation was used to better understand and predict
the effect of misalignment in interconnect performance,
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A Fig. 4 Tx (a) and Rx (b) modules.

A Fig. 5 Measured Tx insertion gain (a)
and Rx conversion gain (b).

including a parametric analysis in
which the GSG jumper’s horizontal
position was varied from O (per
fectly aligned) to 6 mils (severely
misaligned). Both the transmission
and reflection coefficients were sat-
isfactory well beyond 20 GHz when
the alignment was within 3 mils from
nominal. In practice, alignment of
the interconnects is achieved by us-
ing registration marks built into the
carrier boards and installing them
under a high magnification micro-
scope. Blocks are assembled in cus-
tom fixtures with the DC power cir-
cuitry mounted on the back. Active
biasing chips ensure proper power
sequencing of the GaN amplifiers.
Passive gain equalizers and surface-
mount attenuators improve overall
the gain and return loss as a func-
tion of frequency. Figure 4 shows
the assembled transmitter and re-
ceiver modules.
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A Fig. 6 Measured radar responses for modular and connectorized receivers with the same low-power transmitter (a) and modular
receiver with a higher power modular transmitter (b).
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PERFORMANCE

A multi-port vec-
tor network ana-
lyzer was used to
test the transmit-
ter and receiver.
Transmitter perfor-
mance was verified
by measuring its
scattering param-

eters. Figure 5a
shows the mea-
sured  transmitter

gain, indicating an
increase of about
10 dB compared
to the connector-

A Fig. 8 Echogram data from the Greenland ice sheet, show-
ing snow buildup to 20 m below the surface.

ized system. This
was expected, be-

Waveguide Components

OFF THE SHELF OR CUSTOM DESIGNS

A Fig. 7 Field results with fine vertical resolution from a flight over the North Pole, showing thick (a) and thin (b) snow cover on

cause the modular transmitter was
designed to have 10x more out-
put power for the same input drive.
The gain variations across the band
were also expected, largely due to
the power amplifier's frequency re-
sponse.

For the receiver, a frequency off-
set mode with a fixed IF was used
to simulate FMCW operation. The
RF range was set to cover 1 to 19
GHz with four different IF frequen-
cies within the four bands sup-
ported by the radar's digitizer: DC
to 125, 125 to 250, 250 to 375 and
375 to 500 MHz. Figure 5b shows
the measured conversion gain of
the receiver with an IF frequency of
100 MHz. Responses for the other
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IF frequencies are nearly identical.
The response of the connectorized
testbed receiver is included for ref-
erence. Slight differences in roll-off
at the lower and upper ends of the
band are due to the marginally dif-
ferent filter responses; the impact
of these variations on radar perfor-
mance is negligible.

Bench Top Performance

The modules integrated into the
radar system were tested using an

electro-optical transceiver with a
1.72 ps fiber-optic delay line. The
delay line between the transmit-
ter and receiver simulates a single
target at a fixed range of 850 ft.,
used to assess the radar's impulse
response and sensitivity. Coaxial at-
tenuators in the signal path emulate
the large power loss experienced by
a long-range signal, totaling 90 dB.
The receivers IF output, after on-
board coherent averaging, was digi-
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tized by the radar's data acquisition
system, and a Hanning windowing
function was applied to the record-
ed time-domain samples before the
FFT to obtain a set of power versus
range profiles (see Figure 6).

The two traces in Figure 6a show
the modular and connectorized re-
ceivers with the same low power
transmitter. The range profiles were
normalized both in range and am-
plitude to facilitate comparisons.
The radar echoes in both cases
were detected approximately 60 dB
above the noise, achieving a loop
sensitivity of 150 dB. The main lobe
widths in the responses correspond
to approximately 0.55 in. (1.4 cm) in
both cases and agree with the range
resolution expected from a 16 GHz
bandwidth with windowing. The
range sidelobes were low in both
cases, as expected using Hanning
smoothing. Note the improvement
in the “skirt” around the main re-
sponse of the modular receiver,
which indicates outstanding linear-
ity and phase noise performance.
This is expected with a higher level
of integration and using an ultra-
linear chirp generator and LO driver
amplifier with low phase noise.

Figure 6b shows the performance
with a higher power modular trans-
mitter. Here, the system had a 10 dB
improvement in signal-to-noise ra-
tio, resulting in a total loop sensitiv-
ity of 160 dB. The width of the main
lobe—and, thus, the range resolu-
tion—and low leading-edge side-
lobes was preserved. The asymme-
try in the response and the slightly
larger trailing edge sidelobes are at-
tributed to the transmitter gain vari-
ations previously noted. While such
variations have an adverse effect on
the radar’s system response, this is
outweighed by the benefit of hav-
ing additional sensitivity from the in-
creased transmit power. Systematic
gain fluctuations can typically be
corrected in post-processing.

FIELD TESTS

Field tests with the complete
system onboard a NASA P-3 were
conducted in 2018, as part of NASA
Operation IceBridge. The transmit-
ter and receiver modules were in-
stalled inside a small rack-mounted
enclosure and operated with the rest
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of the system, covering 2 to 18 GHz.
Antennas in the aircraft's “bomb
bay” were connected to the radar
via low loss coaxial cables. Range
profiles were recorded at a nominal
altitude of 1500 ft. above ground
level. Figure 7 shows sample radar
images from data collected over
two 5 km flight segments at differ-
ent sea ice transects near the North
Pole, demonstrating the radar’s ca-
pability to resolve the air-snow and

snow-ice interfaces on thick (greater
than 50 cm) and thin (less than 5 cm)
snow-covered sea ice, respectively.
Figure 8 is an echogram produced
from data collected over the Green-
land ice sheet, showing the yearly
snow buildup.l

ACKNOWLEDGMENTS

The authors gratefully acknowl-
edge Dr. J. Paden at the University
of Kansas for generating the radar

Powerful Payload &
RF Link Emulator

Link emulation: Delay, Doppler, AWGN, Phase shift
Real time contral for Arial Vehicle (UAV) testing

Payload: MUX, Compression, Phase noise, Group delay
Multipath: 12 paths per channel
Up to sixteen synchronous channels with correlation

Output Poves (UBFS)

Lt
RF Test Equipment for Wireless Communications

email: info@dbmcorp.com

90

dEBmCorp, Inc

TR

AL WEWET

32A Spruce Street ¢ Oakland, NJ 07436
Tel (201) 677-0008 & Fax (201) 677-9444

www.dbmcorp.com

images and J. Richardson at X-Mi-
crowave for his valuable technical
input.

.|

References

1. T. Barret, "History of Ultra Wideband
Communications and Radar: Part Il, UWB
Radars and Sensors,” Microwave Jour-
nal, Vol. 44, No. 2, February 2001, pp.
22-52.

2. A. D. Pitcher, J. J. McCombe, E. A.
Eveleigh and N. K. Nikolova, “Compact
Transmitter for Pulsed-Radar Detection
of On-Body Concealed Weapons,” IEEE
International ~ Microwave —Symposium
Proceedings, June 2018, pp. 919-922.

3. M. Oyan, S. E. Hamran, L. Damsgard and
T. Berg, “Compact Airborne C-Band Ra-
dar Sounder,” IEEE Transactions on Geo-
science and Remote Sensing, Vol. 52,
No. 10, October 2014, pp. 6323-6332.

4. C. Wamsley, D. Draper, T. Pett and S.
Roark, “Synthetic Aperture Radar for
Pipeline Right-of-Way Monitoring,” Re-
mote Sensing and Modeling of Ecosys-
tems for Sustainability XV, September
2018.

5. Y. Kim, T. J. Reck, M. Alonso-delPino, T.
Painter, H. P. Marshall, E. H. Bair, J. Dozi-
er, G. Chattopadhyay, K. N. Liou, M. C. F.
Chang and A. Tang, “A Ku-Band CMOS
FMCW Radar Transceiver for Snowpack
Remote Sensing,” IEEE Transactions on
Microwave Theory Techniques, Vol. 66,
No. 5, May 2018, pp. 2480-2494.

6. J. B. Yan, S. Gogineni, F. Rodriguez-
Morales, D. Gomez-Garcia, J. Paden, C.
J. Leuschen, D. A Braaten, J. A Richter-
Menge, S. L. Farrell, J. Brozena and R. D.
Hale, “Airborne Measurements of Snow
Thickness Using Ultrawide-Band Fre-
quency-Modulated-Continuous-Wave
Radars,” |IEEE Geoscience Remote Sens-
ing Magazine, Vol. 5, No. 2, June 2017,
pp. 57-76.

7. J. McDaniel, J. B. Yan and S. Gogineni,
“Design, Integration and Miniaturization
of a Multichannel UWB Snow Radar Re-
ceiver,” Microwave Journal, Vol. 59, No.
5, May 2016.

8. X-Microwave
com/.

9. F R. Morales, C. Leuschen, C. Carabajal,
A. Wolf and S. Garrison, “Measurements
of Snow Cover Using An Improved UWB
2-18 GHz Airborne Radar Testbed,” Pro-
ceedings of the IEEE Radar Conference,
April 2018.

10. J. McDaniel, “Design, Integration, and
Miniaturization of Multichannel Ultra-
Wideband Snow Radar Receiver and
Passive Microwave Components, Mas-
ter's Thesis,” The University of Kansas,
Lawrence, 2015.

11. A. Melzer, A. Onic, F. Starzer and M.
Huemer, “Short-Range Leakage Cancel-
ation in FMCW Radar Transceivers Using
an Artificial On-Chip Target,” IEEE Jour-
nal of Selected Topics in Signal Process-
ing, Vol. 9, No. 8, December 2015, pp.
1650-1660.

LLC, www.xmicrowave.

Content is copyright protected and prov1ded for personal use only - not for repm&},}g%%{l Qf retransmissions e 2010
For reprints please contact the Publisher.

H SE



Multi-Cooax Series up to 50GHz
Cables and Adaptors up to 110GHz

Customised
Connectors & Adaptors

Connectors and Cable Assemblies up to 110GHz
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insight A Paradigm Shift

Maury Microwave

in VNA

Calibration

and Validation
Enables Better

Decisions

Maury Microwave
Ontario, Calif.

ince their introduction in the
1980s, vector network analyzers
(VNA) and S-parameters have be-
come so common they are used
in nearly all aspects of an RF device’s life
cycle, from research and development to

freq. || m T,
iam

Calibration

e

design validation test to production test.
It is not uncommon to walk into an RF lab
and see VNAs from various suppliers, span-
ning multiple generations, being used in-
terchangeably, from the original HP 8510
and Wiltron 360 to the latest Keysight PNA-
X, R&S ZNA, Anritsu
VectorStar or Copper
Mountain ~ Cobalt.
Several  challenges
come from using so
many different VNAs,
each with different
interfaces and ca-
pabilities:  ensuring
VNA users are prop-
erly trained on every
model in their labs;
eliminating  simple
mistakes caused by
differences in VNA

A Fig. 1 Insight VNA calibration wizard.
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Amplifiers — Solid State

Attenuators — Variable/
Programmable

Couplers (Quadrature,
180° & Directional)

Detectors — RF/Microwave

DLVAs, ERDLVAs
& SDLVAs

Frequency Converters
Frequency Sources

Filters & Switched
Filter Banks

Form, Fit, Functional
Products & Services

Frequency Discriminators
& IFMs

Integrated MIC/MMIC
Assemblies (IMAs)

1Q Vector Modulators
Limiters — RF/Microwave

Log Amplifiers

Millimeter Wave
Components

(Up to 50 GHz)
Miscellaneous Products

Multifunction Integrated
Assemblies (MIAs)

Phase Shifters & Bi-Phase
Modulators

Power Dividers/Combiners
(Passive & Active)

Pulse Modulators (SPST)

Rack & Chassis Mount
Products

Receiver Front Ends
& Transceivers

SDLVAs, ERDLVAs
& DLVAs

Single Side Band
Modulators

SMT & QFN Products
Switch Matrices
Switched Filter Banks
Switches — Solid State

Systems - Radar Sense &
Avoid

Systems — Fly Eye Radars
Threshold Detectors

USB Products

Planar Monolithics Industries, Inc.
State of the Art High Power,

Solid State Switches

PMI offers a full line of High Power Solid-State Switches that range from 10 MHz up
to 18.0 GHz with power handling up to 130 Watts CW, 5 kW peak. A wide range of
standard models with various options are available.
http://www.pmi-rf.com/Products/Switches/highpower.htm

P2T-10M6G-45-R-5V-SFF-HIP20W P2T-10M8G-45-R-50W-AL P2T-0R5G8G-45-R-SFF-50W-SM  P2T-500M10G-60-R-515-SFF-10WCW P2T-1G1R1G-25-R-SFF-100W-SM
Frequency Insertion Isolation Switching Operating DC Voltage Size
PMI Model No. Range Loss (dB) Speed Input & Current Configuiration
(GHz) (dB Max) (Typ) Power (Max) Connector
P2T-10M6G-45-R-5V-SFF-HIP20W 10 MHz - 6 2.8 25 Typ 100 ns 25WCW | +5VDC @ | 1.20"x1.0"x 0.5
https://www.pmi-rf.com/product-details/ Max Max 30 mA SP2T Reflective
p2t-10m6g-45-r-5v-sff-hip20w SMA Female
P2T-10M8G-45-R-50W-AL 10 MHz - 8 2.6 36 Min 100 ns 50WCW | +5VDC @ | 1.20"x1.0"x0.5”
https://www.pmi-rf.com/product-details/ 100 mA SP2T Reflective
p2t-10m8g-45-r-50w-al SMA Female
P2T-0R5G8G-45-R-SFF-50W-SM 05-8 3.0 30 Min 100 ns 50 WCW | +5VDC @ | 1.20"x1.0"x0.5”
https://www.pmi-rf.com/product-details/ 32mA SP2T Reflective
p2t-0r5g8g-45-r-sff-50w-sm SMA Female
P2T-500M10G-60-R-515-SFF-10WCW | 0.5- 10 25 60 Min 100 ns 10WCW | +5VDC @ |1.20"x 1.00" x 0.5”
https://www.pmi-rf.com/product-details/ Max 38 mA SP2T Reflective
p2t-500m10g-60-r-515-sff-10wew -15VDC @ SMA Female
43 mA
P2T-1G1R1G-25-R-SFF-100W-SM 1-11 0.8 25 Min 250 ns 100 W CW, | +50 VDC @ | 3.25" x 2.75" x 0.7”
https://www.pmi-rf.com/product-details/ 5 kW Peak 10 mA SP2T Reflective
p2t-1g1r1g-25-r-sff-100w-sm +5VDC @ TNC Female
128 mA
P2T-1G18G-10-R-528-SFF-HIP10W 1-18 4.0 10 Min 100 ns 10OWCW | +5VDC@ | 1.2°x1.0"x0.5”
https://www.pmi-rf.com/product-details/ 2.19 mA, SP2T Reflective
p2t-1g18g-10-r-528-sff-hip10w -28 VDC @ SMA Female
2.5mA
P2T-1R2G1R4G-25-R-SFF-250W 1.2-14 0.8 25 Min 250ns | 250 W Peak| +30V@ |4.22"x2.98"x0.7"
https://www.pmi-rf.com/product-details/ 50 mA, SP2T Reflective
p2t-1r2g1rdg-25-r-sff-250w V@ SMA Female
200 mA
P2T-6G18G-40-R-570-TFF-1D6KW 6-18 22 40 11ps |1.6 kW Peak| +5VDC @ | 2.0"x2.0"x0.75"
https://www.pmi-rf.com/product-details/ - Tested to 300 mA SP2T Reflective
p2t-6918g-40-r-570-ff-1d6kw 125.89 W | -70 VDC @ TNC Female
cw 60 mA
PDT-8G12G-40-515-SFF 8-12 2.0 40 Min 200ns |40dBmCW,| +5VDC @ |1.25"x1.25"x0.3"
https://www.pmi-rf.com/product-details/ Max 57 dBm, 100 mA SP2T Reflective
pdt-8g12g-40-515-sff 1ps, 1% DC| -15VDC @ SMA Female
60 mA
P2T-8G18G-50-R-SFFF 8-18 3.0 50 Min 200 ns 40 W Max, | +5VDC @ | 1.55"x2.3"x0.5”
https://www.pmi-rf.com/product-details/ 300 W Peak| 150 mA, SP2T Reflective
p2t-8918g-50-r-sfff -28 VDC @ SMA Female
80 mA

P2T-1G18G-10-R-528-SFF-HIP10W  P2T-1R2G1R4G-25-R-SFF-250W P2T-6G18G-40-R-570-TFF-1D6KW PDT-8G12G-40-515-SFF P2T-8G18G-50-R-SFFF
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West Coast Operation: East Coast Operation:
4921 Robert J. Mathews Pkwy, Suite 1 7311-F Grove Road
El Dorado Hills, CA 95762 USA Frederick, MD 21704 USA
Tel: 916-542-1401, Fax: 916-265-2597 Tel: 301-662-5019, Fax: 301-662-1731
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<« Fig. 2 Calibration validation
with overlapping uncertainty
boundaries.
terminologies, calibration
standards  definitions and
calibration flows; and validat-
ing VNA calibrations so users
have confidence in their mea-
surements.

Additionally, it is not
enough to think about a sin-
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gle lab; today’s global orga-

OPPORTUNITY IS COMING
o A

NORDEN
MILLIMETER

Norden Millimeter’s Custom Frequency Multipliers,
LNAs, Transceivers, and Converters can help put your
business on the forefront of 5G technology.

Contact Norden millimeter today for the custom 5G
components that you need to take your organization
to the next stage.

Norden Millimeter Contact Info:
www.NordenGroup.com

530-642-9123
Sales@NordenGroup.com

nizations have multiple labs in vari-
ous countries, with multinational
teams collaborating on projects.
This global scale introduces anoth-
er set of challenges, such as sav-
ing important settings and mea-
surement data in sharable formats
and improving visualization and
analysis so better decisions are
made more efficiently. Finally, as
organizations strive to understand
more about device performance
and face more stringent specifica-
tions, challenges arise related to
data accuracy. It is crucial to un-
derstand and include all sources of
error in a measurement setup and
be able to quantify the uncertainty
contribution and impact to device
performance.

INSIGHT VNA SOFTWARE

Insight, Maury Microwave's VNA
calibration and measurement soft-
ware platform, is designed to em-
power VNA users, helping them
make better decisions. Insight rep-
resents a paradigm shift in the way
users approach VNA calibration,
validation, measurement, visual-
ization and analysis. With Insight,
users can
* Use a single software platform

with most commercial VNAs.

e Define mechanical calibration
standards from any supplier and
use them with all VNAs.

e Avoid common errors with a
simplified calibration process,
powered by an intuitive graphi-
cal user interface and wizard.

e Validate VNA calibration using
airlines and individually charac-
terized verification kits.

* Measure S-parameters and save
S2P files for easy data sharing.

e Understand measurement re-
sults better with advanced visu-
alization and analysis tools.

e |dentify and quantify the indi-
vidual contributions of uncer-
tainty and display uncertainty
boundaries alongside measure-
ment results.
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sz = the calibration method and cali-
p— . | brating by connecting and mea-
— — suring each standard and comput-
p— ' H — ing the error terms (see Figure 1).

e = . _—

I == Validate the VNA Calibration

EOE T i " = The calibration validation wizard

; o guides users through the valida-

— I _ : = tion process. This includes select-

= SN S Mg napas g ~aay ragged | I JogpsA S fo A thg L/ g e el ing the VNA calibration verification

A Fig. 3 Real-time device measurements with uncertainty boundaries.

To provide the best experience,
Insight guides users through five
simple steps:

Define the System Library

The system library is the data-
base of instruments and acces-
sories used to calibrate, validate
and measure S-parameters. The
database of VNAs comprises VNA
drivers and the GPIB or network
address; VNA calibration kits,
which define connector type and
gender and whether the kit uses
polynomial definitions or individu-
ally characterized standards; and
calibration verification kits.

When calibrating and measur-
ing with uncertainty, the system
library identifies and quantifies the
uncertainty contribution of each
component in a measurement set-
up, including VNA drift and noise
floor, calibration kit factory uncer-
tainty, the transmission and reflec-
tion uncertainty of cable assem-
blies (related to amplitude and
phase stability with flexure) and
the repeatability of connectors (re-
lated to the impact of pin depth,
concentricity and user etiquette).

Use the Calibration Wizard

The calibration wizard guides
users through the calibration pro-
cess. This includes selecting the
VNA from the database and defin-
ing the VNA properties (port num-
bers, power, averaging, IF band-
width, etc.), defining the frequen-
cies for calibration (linear step or
custom list), selecting the calibra-
tion kit from the dataset, defining

Content is cggglri ht protected and provided for personal use only - not for reproduction or retransmission.
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kit from the database, validating
the source match using beadless
airlines and a short and validating
the calibration by using a charac-
terized device verification kit that
compares a user’s measured data
with factory-measured data and
calculates the error vector.
Calibration validation can be
expanded to take advantage of

uncertainty when used with a
characterized device calibration
kit and characterized device veri-
fication kit. Validating with uncer-
tainty compares the uncertainty
boundaries measured on a verifi-
cation device by the user with the
uncertainty boundaries measured
on the same verification device at
the factory and defines a passing

Digital Attenuators
& Phase Shifters

Freqg. Range Insertion Loss VSWR Least Operating Model
(GHz) (dB) max. (dB) max. Significant Bit Power (max) Number
Digitally Controlled Analog Attenuators, 64 dB, 8 Bits
4.00-8.00 6.0 2.00:1 0.25 <=0dBm DAT-19
8.0-12.40 6.0 2.00:1 0.25 <=0dBm DAT-21
6.0-16.00 6.0 2.00:1 0.25 <=0dBm DAT-23
6.0-18.00 6.5 2.00:1 0.25 <=0dBm DAT-25
Linear Voltage Controlled Analog Attenuators, 64 dB
4.0-8.0 5.0 1.9 - <=0dBm AAT-25
8.0-12.4 5.0 2.0 - <=0dBm AAT-27
6.0-16.0 5.0 2.0 - <=0dBm AAT-29
Switched Bit Digital Attenuators, 64 dB, 8 Bits
0.50-1.00 3.7 2.00:1 0.25 +20 dBm DAT-16
1.00-2.00 4.0 2.00:1 0.25 + 20 dBm DAT-17
2.00-4.00 6.5 2.00:1 0.25 + 20 dBm DAT-18
Switched Bit Digital Phase Shifters, 360°, 8 bits
0.50-1.00 4.5 1.80:1 1.40 + 20 dBm DST-11
1.00-2.00 4.5 1.80:1 1.40 + 20 dBm DST-12
2.00-4.00 6.0 1.80:1 1.40 +20 dBm DST-13

See website for complete list of 32 dB and 64 dB attenuators and phase shifters.

MICROWAVE CORPORATION

© www.pulsarmicrowave.com

48 Industrial West, Clifton, NJ 07012 | Tel: 973-779-6262 - Fax: 973-779-2727 | sales@pul i com
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validation as one where the un-
certainty boundaries overlap (see
Figure 2).

Measure Using the Real-Time
Measurement Interface

The real-time measurement in-
terface enables users to take live
measurements. This includes set-
ting VNA options (IF bandwidth,
averaging, port power), defining
plots to visualize measurement
data, setting the sweep mode
(single, continuous, hold), saving
measurement data to memory or
as S2P files, comparing and nor-
malizing data sets for analysis and
creating specifications files for
comparison and analysis.

When calibrating and measur-
ing with uncertainty, individual
uncertainty contributors can be
activated, and measurement data
can be plotted with uncertainty
boundaries (see Figure 3). The
uncertainty budget tool reports
the individual uncertainty contri-
butions of the VNA, calibration kit,
cable and connector as a percent-
age of the total at each frequency,
enabling users to concentrate on
improving the largest contributors
for more accurate measurement
results.

Visualize and Analyze Measurement
Data

To ensure consistent and re-
peatable measurement analysis,
the visualization and data analysis
tool empowers users to visualize
and analyze measurement data by
creating, saving and sharing visual-
ization templates or using a quick
plot. It also allows user to create
sessions (template and measure-
ments data) to share among col-
laborators, load and compare mul-
tiple saved data sets, create cus-
tom expressions from measured
S-parameters and export data as
CSV and image files.

Maury Microwave
Ontario, Calif.
WWW.maurymw.com
(909) 987-4715
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GaN Solid-State Microwave Generator

RIKO930K-40T

Our latest 30kw GaN solid-state microwave
generator designed for microwave CVD
reactors, semiconductor equipment,

and LINAC applications.

Key Features

- High Output Power: 30kW (CW) Peak Power

* Frequency Range: 900 - 930 MHz

- 56% System Efficiency

- High Reliability and Excellent Thermal Stability
- Integrated with Phase Lock Loop System ( LL
* Equipped with sixteen 2kw GaN SSPAs

- Smaller footprint for easier system integration
- Suitable for CW and Pulse applications

Customization available upon request

o} fInlv)

#rfhic or RFHIC Corporation

BFHIC

www. rfhic.com

JO0kW

900 - 930 MHz, CW
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New Coax

Connector:
Excellent

Performance for
Confined Spaces

Telegartner Karl Gartner GmbH

Steinenbronn, Germany

ncreasingly sophisticated services at
ever faster data rates are being trans-
mitted by high performance mobile
radio networks, reflecting the modern
mobile community’s unwillingness to put
up with slow internet connections and poor
quality voice, picture and video services.
Today, everything must be fast—no matter
what, no matter where. “Any service, any-
where, anytime” is the mantra. Service avail-
ability is no longer seen as a privilege, rather

a right. Added to consumer expectations,
fully or partially automated applications such
as intelligent traffic control and autonomous
driving require fast, secure and reliable con-
nectivity. 5G is enabling these applications,
unimagined just a few years ago, and 5G is
driving dense, picocell networks. Space re-
strictions for these small cells are hamper-
ing the build-out of the infrastructure, which
adds to the pressure on installers and opera-
tors. Limited space is problematic for anten-

g

Bl -
I = A

4.3-10 Series 1.5-3.5 Series

2.2-5 Series

A Fig. 1 The 1.5-3.5 is significantly smaller than the 2.2-5 and 4.3-10 connectors, making it well suited for small cells.
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PHASE ADJUSTERS
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Spectium

| < Elekirotechnik GmblH

i

80905 Munich, Germany P.O. Box 450533
Telephone: +49-89-3548-040 Facsimile: +49-89-3548-0490

WWW.SPECTRUM-ET.COM * Email: sales@spectrum-et.com
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Milexia

FPARTNER OF YOUR INNOVATIONS

smtths interconnect

bringing technology to life

A

>

Diamond RF Resistives®

Smiths Interconnect offers the highest power to size ratio
resistive products utilizing CVD Diamond.

Diamond is the best thermal conductor on earth.
Combined with a low dielectric constant, it is an excellent
RF dielectric material for high-frequency applications in
which thermal performance is equally critical. By applying
cutting-edge thin film process and extensive millimeter
wave design experience, Smiths Interconnect has created
a high-performance line of resistive components that are
significantly reduced in size and unparalleled in average
and peak power handling.

* Frequency Range from DC to 26 GHz
Extreme High Power to Size Ratings
* Small Size and Weight

¢ Power Handling up to 150 Watts

¢ CVD Diamond Substrates

* Tuned Versions Available
Solderable or Bondable Gold Terminals
Integrated Heat Sink, Tab Launch

* Surface Mount Available

Tape and Reel Packaging Available
High Reliability Versions Available

Milexia is Smiths Interconnect’s distributor
in France, Italy, Spain.

Milexia has a complete catalog of components and
sub-systems for radio frequency and microwave
applications. We integrated our product offering with digital
and optical devices. We support all telecommunications,

railway, defense and aerospace industries in our territories.

Feel free to contact us for any requests
+33 (0)1 69 53 80 00 / info.electronique@milexia.fr

www.milexia.com
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2.2-5 to 1.5-3.5

A Fig. 2 Two versions of the jack are available, with center-to-
center spacing of 13 mm or, for tighter spaces, 10 mm.

na masts at the wireless access points and the cables
connecting them.

1.5-3.5: PERFORMANCE IN CONFINED SPACES

To address this challenge of achieving performance
in a small space, the new 1.5-3.5 generation of connec-
tors offers an elegant and reliable solution. The 1.5-3.5
type delivers the performance of larger connectors in
a significantly reduced size. Building on the success of
the trendsetting 4.3-10 and 2.2-5 connectors, Telegart-
ner has developed the compact, high performance
1.5-3.5 connector for tomorrow’s mobile networks. This
innovative connector achieves performance that, until
recently, was not possible for such compact connectors.
A typical 1.5-3.5 jack reduces the required mounting
space by 47 percent compared to the compact 2.2-5
and an even more impressive 75 percent versus the 4.3-
10 connector (see Figure 1). The 1.5-3.5 jack is avail-
able in two versions: either center-to-center spacing of
13 mm or a more compact 10 mm (see Figure 2).

Borrowing from its two “bigger brothers,” the 1.5-3.5
uses the popular and field-proven hexagon nut screw
for extreme environmental conditions, and a quick,
push-pull, self-locking mechanism for frequent plug-
ging and unplugging—all usable on the same universal
jack. The screw and hand screw versions are combined
in one plug, allowing an installer to decide whether to
tighten the connector by hand or with a torque wrench
on site.

With the standard version, reliable signal transmis-
sion is guaranteed by a particularly low passive inter-
modulation of =166 dBc up to 6 GHz, measured with
the standard two-tone 43 dBm signals. The response of
the special version of the connector extends to 30 GHz.
Despite its small dimensions, the 1.5-3.5 can transmit
considerable power: up to 100 W at 2 GHz. The con-
nectors have been engineered for more than 100 mat-
ing cycles, and the reliable design protects the plug
contact against damage, even when unmated.

The plugs, available in straight and angled versions,
are optimized for 0.25 in. corrugated cables, the jacks
for UT 85, UT 141 and UT 250 Semiflex cables (see
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Voitage Gontrolied Oscillators
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(GHz) (dBc/Hz ) (dBc/Hz ) (V) (dBm)
DCO100200-5 1-2 -95 -117 0-24 +1
DCYS100200-12 1-2 -105 -125 0-28 +4
DCO0200400-5 2-4 -90 -110 0-18 -2
DCYS200400P-5 2-4 -93 -115 0-18 0
DCO300600-5 3-6 -75 -104 0-16 -3
DCYS300600P-5 3-6 -78 -109 0-16 +2
DCO0400800-5 4-8 -75 -98 0-15 -4
DCO05001000-5 5-10 -80 -106 0-18 -2
DCYS6001200-5 6-12 -70 -94 0-15 >+10
DCYS8001600-5 8-16 -68 -93 0-15 > +10
DCYS10002000-5 10 - 20 -65 -91 0-18 >+10

DCYS10002000-5
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Features:

> Superior Phase Noise

> High Output Power

> Small Size Surface Mount Package
> Vcc: 5 volts

> Future models up to 30 GHz

Talk To Us About Your Gustom Requirements.

I'\\lll.‘ﬂ\l@ Phone: (973) 881-8800 | Fax: (973) 881-8361
E-mail: sales@synergymwave.com | Web: www.synergymwave.com

;S GimTi Y
S MICROWAVE CORPORATION Mail: 201 McLean Boulevard, Paterson, NJ 07504
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IO ®

The plugs are optimized for 0.25 in. corrugated cables; the jacks for UT 85,

UT 141 and UT 250 semiflex cables.

ITH BT MICROWAVE
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"QUALITY - DESIGN ' PERFORMANCE
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PHASE SHIFTERS &
VECTOR MODULATORS
2-18 GHz Bandwidth
Switching Speed 500 nSec
Digital or Analog Models

SWITCHES
SPI1T to SP128T
DC-26.5 GHz
Reflective
Absorptive

ATTENUATORS MULTI-FUNCTION

pat=1=1=,%|=]M| ==
Integrate passive, active

and control devices

Ultra-Broadband

Digitally, VOHCJge &
Current Controlled
Phase Invariant
Digital Switched Pad

GT Microwave... The Leading Edge in Performance

2 Emery Avenue

Randolph, NJO78E68 USA
973-361-5700 Fax: 973-361-5722
www.gtmicrowave.com

e-mail: salesl':'lf_!:'gtmic:r‘nwave.t:un1
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Off-the-shelf cable assemblies
are available and can be made in custom
lengths.

Figure 3). In addition to offering
plugs and jacks as individual parts,
off-the-shelf cables are available in
standard and custom lengths for
simple and time-saving installations
(see Figure 4). A variety of adapters
are also available for other connec-
tor series, such as the 4.3-10, 7-16,
PC3.5 and N.

Whether screw, hand screw or
push-pull, both connector vari-
ants offer IP68 protection and are
suitable for harsh indoor and out-
door environments. An extended
temperature range from —40°C to
+85°C and a dielectric strength of
1.5 kV at 50 Hz makes the resilient
high performance connector ideal
for a wide range of applications
needing a compact size. These in-
clude mobile radio networks, small
cells, picocells, low power remote
radio units and in-building wireless
and distributed antenna systems.
Installers, often working to tight
schedules, will appreciate the many
cable entry and locking possibilities.
They can choose the best one for
the project or application, wheth-
er the installation is in a compact
space, at great height or facing rug-
ged weather.

The new 1.5-3.5 connector has
been developed for applications
where high quality transmission is
required and cabling and installa-
tion space is limited. Despite being
comparable in size to SMA con-
nectors, the 1.5-3.5 connector is
PIM-stable and suitable for outdoor
use. The straight and angled cable
outlet variants and the screw and
push-pull locking mechanisms en-
able trouble-free installation in loca-
tions where no other connector can
be used.

Telegértner Karl Giartner GmbH
Steinenbronn, Germany
www.telegaertner.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!
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24 to 44 GHz Up- & Down-
Converters Boost Radio

Performance,

Reduce Size

Analog Devices
Norwood, Mass.

nalog Devices has developed a

pair of highly integrated up-con-

verter (ADMV1013) and down-

converter (ADMV1014) ICs cover-
ing 24 to 44 GHz with greater than 1 GHz
instantaneous bandwidth. Matched to 50
Q, the ADMV1013 and ADMV1014 simplify
the design and implementation of mmWave
platforms for the popular 28 and 39 GHz 5G
bands, whether backhaul, fronthaul or other
wide bandwidth transmitter and receiver ap-
plications.

The up- and down-converter ICs are high-
ly integrated (see Figure 1), comprising 1/Q
mixers with on-chip quadrature phase shift-
ers. The converters are configurable for di-
rect conversion to or from baseband (DC to
6 GHz) or an IF (800 MHz to 6 GHz). The up-
converter RF output has an on-chip driver
amplifier with a voltage variable attenuator
(VWA), while the down-converter's RF input
starts with a low noise amplifier (LNA), fol-
lowed by a VWA and gain stage. Each local
oscillator (LO) chain contains an integrated

ADMV1013

SDI
() SCLK
() bvoD
() v&C_MIXER
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A Fig. 1 Block diagrams of the ADMV1013 up-converter (a) and ADMV1014 down-converter (b).
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RF,MICROWAVE & MILLIMETER-WAVE
COMPONENTS AND SUB-SYSTEMS
UP TO 500GHz

AMPLIFIERS UP 110GHz
FREQUENCY MULTIPLIERS/DIVIDERS
(UP TO 160GHz)

CONVERTERS UP TO 110GHz
ANTENNAS UP TO 220GHz

COUPLERS UP TO 220GHz
FERRITE PRODUCTS
(ISOLATORS/CIRCULATORS)
UP TO 160GHz

FILTERS/DIPLEXERS
SOURCES UP TO 160GHz

SWITCHES UP TO 160GHz
PHASESHIFTERS UP TO 160GHz

TRANSITIONS/ADAPTERS (UP TO 325GHz)
WAVEGUIDE PRODUCTS UP TO 325GHz

TERMINATIONS/LOADS UP TO 160GHz
MIXERS(UP TO 110GHz)

ATTENUATORS(UP TO 160GHz)
DETECTORS(UP TO 160GHz)

LIMITERS(UP TO 160GHz)
BLAS TEE (UP TO 100GHz)

POWER COMBINERS/DIVIDERS EQUALIZERS

CABLES
ASSEMBLIES/CONNECTORS (UP TO 100GHz)
SUB-SYSTEMS (UP TO 100GHz)

www.cernex.com sales@cernex.com
Add: 1710 Zanker Road, Suite 103 San Jose, CA 95112
Tel:(408) 541-9226 Fax: (408) 541-9229

www.cernexwave.com sales@cernexwave.com
Add: 1710 Zanker Road, Suite 202 San Jose, CA 95112
Tel: {408)773-8855 Fax: (408) 773-8858
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LO buffer, frequency quadrupler
and programmable bandpass filter.
Most of the programmability and
calibration are controlled with a se-
rial peripheral interface (SPI), mak-
ing the ICs easily configurable via
software.

ADMV1013 UP-CONVERTER

The ADMV1013 has two modes
of frequency translation: direct from
baseband and single sideband up-
conversion from IF. With direct up-
conversion, the baseband | and Q
differential inputs accept signals
from DC to 6 GHz and are compat-
ible with high speed digital-to-an-
alog converters (DAC). The inputs
have a configurable common-mode
range from 0 to 2.6 V, which accom-
modates the interface requirements
of most DACs, simplifying the inter-
face design. The second mode is
typically for signals generated by a
quadrature digital up-converter.

Unique to the ADMV1013 is the
capability to allow digital correction
of the  and Q mixers’ DC offset error
in the I/Q mode, which reduces the
LO leakage to the RF output. After
calibration, the LO leakage can be
as low as =45 dBm at the RF output
at maximum gain. An even more dif-
ficult challenge that plagues direct
conversion radio design is I/Q phase
imbalance, which causes poor side-
band suppression. An added chal-
lenge with direct conversion: the
sideband is usually too close to the
microwave carrier, making filtering

A Fig. 2 Evaluation boards showing the
6 mm x 6 mm surface-mount ADMV1013
up-converter (a) and 5 mm x 5 mm
ADMV1014 down-converter (b).

impractical. The ADMV1013 solves
this problem by enabling users to
digitally correct for the 1/Q phase
imbalance with register tuning. In
normal operation, the up-converter
exhibits an uncalibrated sideband
suppression of 26 dBc. Using the
on-chip registers, the sideband sup-
pression after calibration can be
improved to about 36 dBc. Both
correction features are accessed
via the SPI and do not require ex-
tra circuitry. Additional suppression
can be achieved in the 1/Q mode
by adjusting the phase balance of
the | and Q baseband DACs. These
performance capabilities improve
microwave radio performance while
minimizing external filtering.

With the LO buffer amplifier in-
tegrated on-chip, the up-converter
only requires O dBm drive, enabling
the IC to be driven directly from
a synthesizer with an integrated
voltage-controlled oscillator (VCO),
such as the ADF4372 or ADF5610,
reducing the external components.
The on-chip frequency quadrupler
multiplies the LO frequency to the
desired carrier frequency, and the
signal is passed through a program-
mable bandpass filter to reduce the
undesired multiplier harmonics, pri-
or to feeding the mixers’ quadrature
phase generator stage. This reduc-
es spurious injection into the mixers
and allows the IC to work with an
external low cost and low frequency
synthesizer or VCO.

The modulated RF output from
the mixer is amplified through a
pair of amplifier stages with a VVA
between them, providing an adjust-
able gain range of 35 dB and a max-
imum cascaded conversion gain of
23 dB. The ADMV1013 is packaged
ina 6 mm x 6 mm, 40-pin land grid
array (see Figure 2a).

ADMV1014 DOWN-CONVERTER

Similar to the up-converter, the
ADMV1014 has the LO buffer,
frequency quadrupler, program-
mable bandpass filter and quadra-
ture phase shifter in the LO path.
However, as a down-converter, the
ADMV1014's RF signal chain has an
LNA followed by a VVA and ampli-
fier (see Figure 1b). Controlled by a
DC voltage applied to the VCTRL
pin, the down-converter’s gain has a
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_ RFT/RMODULE UPTO 70GHz
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DGC-67GHz 0.01- 22G 8W PA
RF Limiter / PN: RFLUPA01G22GA
RF Switch 67GHz
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PROVEN INTERCONNECT
PERFORMANCE

INDUSTRY-LEADING
INNOVATION

Low VSWR
Low Insertion Loss
Low RF Leakage
High Temperature
Rugged and Durable

Excellent Repeatability

1.0 mm | 1.85 mm
2.40 mm | 2.92 mm | SSMA
TNC | N | Super SMA
0.9 mm SuperMini
End Launch Connectors
Vertical Launch Connectors
Precision Adapters
Cable Connectors

Cable Assemblies &
Harnesses

CONTACT US FOR A QUOTE
+1 (480) 783-0201

o~

A1l

SOUTHWEST
MICROWAVE

southwestmicrowave.com
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continuous adjust-

ment range of 19 18

dB. 1.6
The ADMV1014

also has two modes e

of frequency trans- 12

lation: direct down-

. 9
conversion and as 92“ 1Y
an image-reject > 08
down-converter to 0k

single-ended | and

Q IF ports. Con- 0.4
figured as a direct

conversion demod- G

ulator from micro-

wave to baseband,
the demodulated | (a

0
—-45 -40

-35 -30 -25 -20 -15
Pin (d Bm)

| and Q signals are
amplified at the re-
spective differential
outputs, with the
gain and DC com-
mon-mode voltage
set by registers via
the SPI. This en-
ables the output to
be DC coupled to
a pair of baseband
analog-to-digital

converters (ADC).
In either mode, the
| and Q phase and
amplitude  imbal-
ance can be corrected via the SPI,
improving the down-converter’s im-
age rejection whether it demodu-
lates to baseband or IF.

Overall, the down-converter pro-
vides a cascaded noise figure of
5.5 dB with a maximum conversion
gain of 17 dB from 24 to 42 GHz.
Near the band edge of 44 GHz, the
cascaded noise figure remains re-
spectable: 6 dB. The ADMV1014 is
slightly smaller than the up-convert-
er IC, measuring 5 mm x 5 mm (see
Figure 2b).

BOOSTING RADIO
PERFORMANCE

Figure 3 shows the measured
performance of the down-converter
at 28 GHz with a 5G NR 256-QAM
waveform composite of four in-
dependent 100 MHz channels at
—20 dBm input power per channel.
The resulting error vector magni-
tude (EVM) measured —40 dB (1
percent RMS), which supports de-
modulating the higher-order mod-
ulation that mmWave 5G systems
require.

A Fig. 3 Measured RMS EVM vs. input power (a) and
corresponding 256-QAM constellation (b) of the down-
converter at 28 GHz.

With greater than 1 GHz band-
width and 23 dBm output third-or-
der intercept (OIP3) for the up-con-
verter and O dBm input IP3 for the
down-converter, the two devices
support high-order QAM, enabling
high data throughput. These capa-
bilities offer designers flexibility and
ease of design, while requiring mini-
mal external components. The small
size combined with high linearity
and image rejection are compelling,
supporting high performance and
small form factor microwave links
and broadband base stations. In
addition to 5G, the up- and down-
converters will serve applications
such as satellite and Earth station
broadband communication links,
secured communication radios, RF
test equipment and radar systems.

VENDORVIEW
Analog Devices
Norwood, Mass.
www.analog.com
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asternack has released a

line of waveguide anten-

nas covering 40 to 220

GHz, with 85 new models
in waveguide sizes from WR5 to
WR19. The antennas are available
in standard gain horn, conical gain
horn, wide angle scalar feed horn,
horn lens and omnidirectional types,
with nominal gains from 2 to 40 dBi
depending on the antenna type.
The standard gain and conical gain
horn antennas are available with
maximum frequency coverage to
220 GHz, while the wide angle sca-
lar feed, horn lens and omnidirec-
tional antennas cover up to 99 GHz.

-

A »
s Arance Electronics

e VNA Test Assemblies

Waveguide Antenna
Family Covers 40 to

220 GHz

As examples, the PEWAN1068
conical gain horn antenna with a
WR5 interface covers 140 to 220
GHz and has 25 dBi nominal gain
and a 3 dB beamwidth of 10 de-
grees vertical and 9 degrees hori-
zontal. The typical input VSWR is
1.15:1. The PEWAN1086 horn lens
antenna, with WR10 interface, cov-
ers 89 to 99 GHz with 40 dBi gain
and a 3 dB beamwidth of 1 degree
vertical and horizontal. The typical
input VSWR is 1.5:1.

These waveguide antennas were
developed to address a wide range
of mmWave applications, including
aerospace, defense, experimental

o

e Low Loss Cable Assemblies

e Calibration Kits

« RF Coaxial Adapters

« RF Coaxial Loads ‘

¢ DC Blocks

radar, test & measurement, point-
to-point and point-to-multipoint
wireless, scientific and general R&D.
All antennas in the series are con-
structed with the highest quality
materials and workmanship stan-
dards and are RoHS and REACH
compliant. Pasternack’s mmWave
waveguide antennas are all in stock,
available for immediate shipment
with no minimum order quantity.

\JVENDORVIEW

Pasternack
Irvine, Calif.
www.pasternack.com

www.arance-rf.com

Up to 110GH=z

60

Frequency (GHz)

Tel; +86-25-58817997 Fax: +86-25-58072397 E-mail: sales@arance-rf.com; tech@arance-rf.com

110

For reprints please contact the Publisher.

Content is copyright protected and provided for personal use only - not for reprodﬁw?&%wﬁrégﬁl.is&g%MBER 2019



PASSIVE PRODUCTS

NOW

up to

Adapters <Attenuators <Couplers |
DC Blocks Splitters -Terminations

EUROPEAN MICROWAVE WEEK 2019

SEE US AT
BOOTH#

- - - - ® g' E
[ JMini-Circuits 5
Content is copyriglﬁﬂa%?e%‘%éﬁf’eg?d 1?1%'\9&%51%'? Bg%%%gﬂ'ﬂe W ng;g;rl%ﬂ%sdﬁ&%n or retransigssion, 9-Snow-P

For reprints please contact the Publisher.
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MY
Farer

i

emcom has developed

a software product for

automotive radar design

and placement, a tar-
geted niche application for sensor
designers at automotive manufac-
turers and their Tier 1 suppliers.
WaveFarer® is a highly accurate
simulator for drive scenario model-
ing, allowing engineers to set up vir-
tual track testing and use the results
to refine their designs early in the
development process. This makes
physical testing more successful, as
the prototypes more closely meet
requirements. WaveFarer is a more
efficient simulation tool for teams
focusing on target detection signal
processing and sensor placement,
because it was created specifically
for simulating radar sensors. Drive

Ray-Tracing EM
Simulation Speeds Auto
Radar Design

scenarios and sensor locations
can be iterated in WaveFarer, re-
ducing the cost and time to build
prototypes and improving sensor
placement and the resulting perfor-
mance.

To predict the scattered returns
from a drive test, WaveFarer uses
ray-tracing algorithms adapted for
radar. Employing near-field propa-
gation and scattering methods, the
raw radar returns from target ob-
jects are computed, including the
multipath interactions from ground
reflections and other structures. The
software supports the global auto-
motive bands to frequencies above
100 GHz.

WaveFarer is integrated into
Remcom’s electromagnetic—simu-
lation platform, working seamlessly

The 4 * Annual Meeting and Symposium
of he Antenna easurement Techniques Association

with XFdtd® EM Simulation Soft-
ware. This streamlines radar returns
incorporating high fidelity radar
antenna and sensor simulations to
be calculated in end-to-end drive
scenarios. A common user interface
between XFdtd and WaveFarer sim-
plifies the design process, with CAD
import, geometry editing, visualiza-
tion, definitions and results analysis
sharing similar controls and a uni-
fied workflow. This consistent user
experience will help RF engineers
who need full-wave simulation for
antenna design and ray-tracing
analysis for drive test modeling.

\WVENDORVIEW
Remcom

State College, Pa.
WWwWWw.remcom.com
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MVG is proud to be your host for the 415t Annual

Meeting and Symposium of the Antenna
Measurement Techniques Association (AMTA), a
non-profit, international organization dedicated
to the development and dissemination of
theory, best practices and applications of
antenna, radar signature, and related electro-
magnetic measurement technologies.

REGISTER NOW at www.amta2019.org

HOSTED BY CO-HOST

mvG

SAN DIEGO STATE
UNIVERSITY
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SIX DAYS | THREE CONFERENCES | ONE EXHIBITION

EUROPEAN=
PARIS EXPO PORTE DE VERSAILLES, _ MICROWAVE=
PARIS, FRANCE %

EuMW 29TH SEPT - 4TH OCT 2019

29TH SEPTEMBER - 4TH OCTOBER 2019 ===tttz www.eumweek.com

EUROPE’S PREMIER
MICROWAVE, RF, WIRELESS
AND RADAR EVENT

The Conferences (29th September - 4th October 2019)
e Furopean Microwave Integrated Circuits Conference (EUMIC) 30th September - 1st October
e Furopean Microwave Conference (EUMC) 1st - 3rd October 2019
e European Radar Conference (EURAD) 2nd - 4th October 2019
¢ Plus Workshops and Short Courses (From 29th September 2019)

¢ |n addition, EUMW 2019 will include for the 10th year,
the Defence, Security and Space Forum on 2nd October 2019
and for the 1st time the Automotive Forum on 30th September 2019

EUROPEAN MICROWAVE WEEK 2019

DISCOUNTED CONFERENCE RATES
Discounted rates up to & including 30th August 2019.

Register NOW and SAVE!

The FREE Exhibition (1st - 3rd October 2019)

Register today to gain access to over 300 international exhibitors and
take the opportunity of face-to-face interaction with those developing
the future of microwave technology. The exhibition also features exhibitor
demonstrations, industrial workshops and the annual European Microwave
Week Microwave Application Seminars (MicroApps).

FREE
EXHIBITION

ENTRY!

Co-sponsored by: Co-sponsored by:
I\ o

<IEEE

Official Publication: Organised by: Supported by:
U Mici ’4“ ave .
Journal horizon

European Microwave Association house

EuMIC

2019 49;::7 \SONFERENCE U™ 2019

The 14th European Microwave
Integrated Circuits Conference The 49th European Microwave Conference The 16th European Radar Conference

Co-sponsored by: Co-sponsored by: Co-sponsored by:

) eurhnp 3 EurAAP RESS

Reaqister online now as a delegate or visitor at: www.eumweek.com




Web&VideoUpdate

Website Relaunch whe =

AnaPico is proud to an-
nounce the relaunch of their
company website. It offers
improved usability and a
better navigation for all us-
ers. AnaPico’s product cat-
egories “Signal Generators,
Frequency Synthesizers and
Signal Source Analyzers”
can be found more easily
right at the navigation bar.
Visitors can now make re-
quests for a quote and se-
lect options more efficiently.
The revised design of the website gives better access to prod-
uct information and manuals, inquiries and contact.

AnaPico Ltd.
www.anapico.com

AF and MW test & measurement instruments

—

New Website
Launched

Comtech PST has launched
a new updated website. The
new website contains infor-
mation about solid-state power amplifiers and high-power
control components available as standard or custom prod-
ucts. Datasheets and product information can be download-
ed directly from the website. Customers can request quotes
by completing information on the site and clicking the link
to send it in. Comtech PST serves the military, commercial,
aviation, datalink and medical markets with a wide array of
narrow and broadband product offerings, for both amplifiers
and control components.

Comtech PST
www.comtechpst.com

New Website Update

K&L Microwave's website
provides information and
tools, such as the Filter
Wizard® web application,
to speed the identification
of custom design solutions
from a full range of company
products. The latest web
update features a new look,
mobile device support and F——"—————
social media links. Research capabilities, access data sheets,
submit quote requests, read the latest news and download
K&L's new Product Catalog and new Space Brochure.

K&L Microwave
www.klmicrowave.com

NEW KEL
I_._“ﬂ Brochurs

50th Anniversary
Video

JVENDORVIEW

2019 marks the 50t Anni-
versary of the inception of
AR RF/Microwave Instru-
mentation. What began as
two men designing power amplifiers in the basement of a
small home is now a multi-national family of companies that
includes AR RF/Microwave Instrumentation, AR Modular RF,
SunAR RF Motion and AR Europe. Watch their new video “50
Years: What Have We Got To Show For [t?” to learn more.

AR RF/Microwave Instrumentation
www.arworld.us/html/video-ar-50th-anniversary-
video.asp

New Video: Raw Data
Injection

Watch this new video to gain
a sneak peek at one of the
latest dSPACE labs innova-
tions: By injecting simulat-
ed raw data directly into a
LIDAR sensor, you can test all processing stages behind the
sensor’s front-end—allowing validation of the entire LIDAR
signal processing chain at a very early stage in development.

dSPACE
www.dSPACE.com/go/lidar_vid

——

New Website Update

KRATOS  General Micro-
wave, one of the largest sup-
pliers of microwave products
to the defense and non-de-
fense markets, has updated
its website to better reflect
the company’s various ca-
pabilities and product lines.
Each product line page
provides easy access to the
various COTS microwave
products in each category. To help their customers better uti-
lize their microwave products, the company added a link to
White Papers that provide greater detail about some of their
product lines. KRATOS General Microwave website also now
includes archived GMC product catalogs.

KRATOS General Microwave

http://gmcatalog.kratosmed.com/Kratos-General-
Microwave-Product-Catalog
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Brilliance in RF Microwave

HPA, GaN 15W~25W, Internally Matched 4.4~5.0 GHz

vd Idq S21 Psat PAE (%)
AGN0542D 150 32 2 53
AGN0544D 300 44 50

LNA, 3.3~5.0 GHz

Part No. vd [id [S21(dB)@GHz 0IP3 (dBm) @ GHz
AHL5220T8 16 15 36 35 - 0.56 0.59 -
AHL5318T8 17 158 [13.6 35 35 34 0.59 0.65 0.95
NF measured at connector to connector

Bypass LNA, 5. 2-5 QGHz
NF(dB)@GHz
Paille, [t o) 52 59 52 |59

Amp 5 25 172 158
Bypass 25 3.5 35 \

Gain Block, 50~6000 MHz
vd [id [S21(dB)@MHz  |OIP3(dBm)@MHz |NF (dB) @ MHz

PortNo. ) () 50950 1600050 1950 1600050950 (6000
AHB361256 24 - 155 119 - 245 215 - 1.4 2.3 SOT363
AHB3612T8 23 - 15 2 |- 35 212 |- 1.6 |25
AHB5614T8 143 146 144 367 375 302 2.5 2.5 3.4 TDFN8
AHB5616T8 159 163 15 37.2 [37.7 273 19 (1.9 29

SPDT, 5~6000 MHz G &
Vd |Insertion Loss (dB) @ MHz |IP1dB  |IIP3 (dBm) |Swit. Time |Ctrl.
W s 4000 6000 |(dBm) |@1GHz |(ns gt |PKG

AHX5406DS6 03 08 - 160 Dual
AHX5406556 03 08 - S 450 Single 507363
AHX5607DT6 03 05 07 160 Dual
AHX56075T6 03 05 07 450 [Single

GPS High Precision

Ultra Low Noise, 1.1~1.7 GHz
[PartNo.__Vd (V) __JId (mA)

AHL5216T8 1.8/3.3  10/35

TDFN8

ABL5616T8

TDFN6

Freg. (GHz)

19.5/21.9
17 15.5/18.2 0.45/0.32 18/29 TDFN8

NF measured at connector to connector

CATV 5~1800 MHz

Freg. (MHz) |Part No.
5700 ABU1513 (6 V), ABU1516 (5 V), ABU1519 (5 V), ASL380 (5 V), ASL390 (5 V),
Single ASL580 (8 V), ASL590 (8 V), ASW220 (5 V)

700~1800 | ABU1513 (6V), ABU1516 (5V), ABU1519 (5 V), ABB1513 (6 V), ABB1516 (5 V), ABB1S19 (5 V)
5~700 ASL39D2 (6.5 V)

700~1800 |ASL39D2 (6.5 V), AWB31D2 (5V /8 V), AWB31D7 (5V/8 V), AWB31D9 (5V/8V)
High Power, 50~1200 MHz

vd [Id [S21 [Pout "
118 @CSO,CTB= 67,60 dBc, CENELEC-42 chflat GaN Power
AGN922 24 1485 225 15 pege 1E-9, 138 ch 22 dB tilt, 256 QAM QNG pouper
1 ‘@cso, CTB=62,61 dBc, 8 dBtilt, CENELEC-42 ch GaAs

109 |BER<1E-9,138ch 12 dBtilt, 256 QAM Push-pull

Push-pull

ABB817 12 ‘365 ‘17.3 ‘

‘ TSSOP24

Optical TIA with AGC, 50~1200 MHz

Part No. vd |id S21  |Gain Flat.(dB) |EIN Po CSO  |cTB
" |(V) |(mA) |(dB) |@25dBattn. |(pA/rtHz) |(dBpV) |(dBc) |(dBc)

ASA307 5 260 33 41 3.5 83 64 64 40 QFN 4x4

HPA GaAs, GaN
MMICs, Internally Matched

Freq. 521 Psat

(GHz2) dBm
ABX0618Q  6~18 700 QFN 6x6
::i:gg;HG 8.5~10.5 7 1300  10-lead Flange
AGN0942Q  7.7~10.7 124 200 QFN6x6
AGN0944Q QFN 6x6
AGN0944M  8.5~10 24 300 10-lead Flange
AGN0944D 8 Die
AGN1440  12.5~14.5 124 300 10-lead Flange
ASX1437  13.5~14.5 32 7 1300 10-lead Flange

GaN HP Transistor @ 30~3000 MHz '

Freq. |21 P3dB  |Ef.(%) |Vd ldg
‘QFNGXG

IR O R ) @P3dB (V) (mA)
0 10 66

AGTOS10 550 184 107
30 ‘20.4 ‘10.5

AGTOS1S 50 183 20.8
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Web&VideoUpdate

3D CAD Models Now
Featured

By popular demand, Marki
Microwave now provides
downloadable 3D CAD
models for many of their
products, available for free
on their website (found under Engineering > Package & Lay-
out). Available in STP, DXF and DWG formats, these files are
compatible with AutoCAD, SOLIDWORKS and other 3D CAD
software and include accurate package dimensions and con-
nector locations. For all other products, including the com-
pany’s legacy components, they have 2D models in DXF and
DWG file formats available upon request.

Marki Microwave
www.markimicrowave.com

Updated Website

Millennium Microwave Corp.
is located in Fruitland, Md.
and has been in operation
since 1999. Their standard
and custom design products
serve the defense electron-
ics, SATCOM and commer-
cial industry, and you will
find Millennium Microwave
products on ground, naval

and airborne platforms as e
well as test labs and com-

mercial communications systems. Millennium Microwave has
registration to AS?100D and ISO 9001:2015. They offer four
major product lines which include filters, pin diode switches,
switch filter banks and integrated assemblies.

Millennium Microwave Corp.
www.microwave2000.com

DIY Vector Network
Analyzer Kit
@VENDORVIEW

The first of the Univeristy
Project kits, UVNA-63,
cludes all the elements i :
students need to build a fully functlonlng vector network
analyzer, develop S-parameter algorithms and perform real-
time measurements of 2-port RF devices. The kit comprises
Vayyar's high performance transceiver chip with a variety of RF
components from Mini-Circuits, along with control software
and a development environment for Python and MATLAB®.
Mini-Circuits
www.minicircuits.com/WebStore/uvna_63.html
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loT/5G
The Two Pillars of 5G: Energy and
Spectral Efficiency

Corbett Rowell
Senior Development Expert in OTA and Antenna

Measurement Solutions, Rohde & Schwarz Vayyar
Sponsored by:

[IMini-Circuits’

Sponsored by:

ROHDE&SCHWARZ

Digital RF Memories (DRFMs) Critical for
Electromagnetic Maneuver Warfare

sponsored by: RoupesscHwarz a?mssl’tgm%lslty
Presented by: Dr. Phillip E. Pace, Professor in the
Department of Electrical and Computer Engineering at the
Naval Postgraduate School

microwavejournal.com/events/1859

Simulating Radar Signals for
Meaningful Radar Warning Receiver

Sponsored by: ;t%u DE&SCHWARZ

Presented by: Robert Vielhuber, Senior Product Manager
for RF Signal Generators, Rohde & Schwarz

microwavejournal.com/events/1856

1
Ovi Jacob
Director of Business Development,

Radar/Antennas SI/PI
Democratization
of Radar

56G/112 Gbps From Front-Panel
to the Backplane

y
Jignesh Shah
Senior Technologist,
Samtec Inc.
Sponsored by:

Samilec

Comparing RF Technologies for
Next-Generation 5G and Optical
Communications Systems

Sponsored by: GLOBALFOUNDRIES

Presented by: Mike Peters, Deputy Director, SiGe Product

Line at GlobalFoundries

microwavejournal.com/events/1854

High Performance PCB Laminates &
Modeling for MW/mmWave
Applications

CORPORATION

Sponsored by: wacomMsoL R ROGER
Presented by: Jiyoun Munn, Technical Product Manager for

the RF Module at COMSOL and John Coonrod, Technical Market-
ing Manager at Rogers Corp.

microwavejournal.com/events/1855

Register to attend at mwjournal.com/webinars
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IEEE ereless illlli Microwave Technology conlerence

Mi_ll'l'i(ll‘l Suites on Sa_nﬂ I(ev

Rpril 15-17,2020

WAMICON 2020 will be held in Clearwater Beach, Florida
on April 15-17, 2020. The conference addresses
interdisciplinary aspects of wireless and RF technology.

m&-ﬁ.‘w ﬂ':‘«" ns

WAMICON 2020 focus is “Wireless Devices and Systems
Making Mad Connections from Space to the 5G IoE”.
Submissions on all aspects of related technologies are
encouraged:

* Antennas

* Circuits: Passive & Active

* Communication Theory

* RF in Digital Applications

¢ Wireless Power

* Biomedical Applications

e CubeSats

e Sensors: Active & Passive

Prospective authors are invited to submit original work for
presentation and publication in IEEE Xplore.
Topics of interest include: -

» Space & Emerging Applications

* mm-Wave to THz Technologies

* Internet of Everything (loE)

* PAs, Active Components & Systems

Visit www.wamicon.org for complete submission details.

Papers Due:
Author Notification:
Final Papers Due:

February 7, 2020
March 16, 2020
March 27, 2020
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Exhibit/Sponsor Opportunities Available!
Email: jassurian@reactel.com
llevesque@modelithics.com
dzavac@tte.com
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Web&VideoUpdate

Updated Website

NuWaves Engineering, a
veteran-owned ~ company
founded in 2000, provides
advanced RF expertise and
microwave solutions for mili-
tary, government and industrial customers. NuWaves Engi-
neering provides off-the-shelf RF products, as well as quick-
tempo design and engineering services that address today’s
most demanding RF challenges, especially with regard to
hardware SWaP reduction, cost and—oftentimes equally im-
portant—schedule. NuWaves Engineering is an undisputed
leader in the research, design, development, manufacturing,
integration, sustainment and modernization of complex RF
systems.

NuWaves Engineering
https://nuwaves.com

New Website
Launched

JVENDORVIEW

Passive Plus Inc. (PPl) has |[=—
launched a brand-new web- [
site with a sleeker design
and a more user-friendly in-
terface. The newly designed website showcases PPI's product
offering and technical information. The new website also co-
incides with new product offerings from PPI, including Trim-
mer (Variable) Capacitors; Broadband Resistors; Single Layer
Capacitors; and Thin Film Products. PPl is a manufacturer of
high performance RF/microwave passive components for the
medical, semiconductor, military, broadcast and telecommu-
nications industries.

Passive Plus Inc.
www.passiveplus.com

Test Equipment
Rentals

When it comes to RF test
& measurement gear, you
need to have the right
equipment at the right price.
Try before you buy with Sig-
nal Hound Equipment Rent- L__|
als. Every rental comes with [&8
Signal Hound's powerful,
free Spike™ software giving
you the full experience. All
Signal Hound RF analyzers and signal generators are available
for rent, allowing you to put them to the test for a fraction of
the cost of the device. Learn more on their website.

Signal Hound
www.sighalhound.com/rent

Content is copyright protected and provided for personal use only - not for repm\(}},}g%%N [ retrans SEE%‘E%/IBER 2019
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Catch up on the latest industry news with the bi-weekly JMicrgwavel
> video update Frequency Matters from Microwave Journal ourna
@ www.microwavejournal.com/frequencymatters Frequency Matters.

Sponsored By MA‘OM

Partners from RF to Light

Selecting the Right —
Phase-Locked Oscillator ) is Extremely High Power
4| I w s * No. 2 eptember 2019 GaN Devices

' 17

Computer-Controlled K-Band T \/ [ -
Frequency Synthesizer UsingA P= W 2 EuMW Show Coverage and
Self-Injection Locked, Phase-Locked, | [~ L OV p Industry News
Optoelectronic Oscllla,tor (PartR) | :

Signal Inte  rity

Signal Integrity - Power Integrity EMC/EMIJ l

Lapineng
Trm i Sgnal Iniegrity for Scalatie, Fiseqraned Choch
s Epscmnsation

€q flly
~ dJdg

A Technical Resource
for Working Engineers

A Unique Marketing
Resource for the Industry

Subscribe at: signalintegrityjournal.com

Interested in Adverﬂsmg" Contact Ed K|essI|ng at eklessl|ng@3|gnaI|ntegr|ty|ournal com

For reprlnts please contact the Pubhsher



NEW

PROD

UCTS

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

COMPONENTS

PIN Diode Switch

Amplical’'s SW12A003
SP12T broadband
coaxial absorptive PIN
diode switch features
2 to 18 GHz
bandwidth with low
insertion loss, low VSWR, high isolation and
fast switching speed. J1 through J12 ports
are terminated in 50 Q when switched in
the isolation (off) state. A 4-bit coded
TTL-compatible driver is incorporated for
convenient logic control. The switch
operates from +5 VDC and a negative DC
supply ranging from —12 to =20 V. The
compact design incorporates field-replace-
able SMA female connectors.

Amplical

www.amplical.com

Coaxial Power Divider/Combiner

YVENDORVIEW

~ Cernexwave's model
CDPU5180608T
coaxial power divider/
combiner has a
frequency range of
0.5 to 18 GHz, an
isolation greater than
16 dB, a VSWR of less than 1.5:1 with one
SMA and female input and 8 SMA female
output connectors. It features low insertion
loss, low VSWR and high isolation in 2- to
32-way configurations.

Cernexwave

www.cernexwave.com

—

Switch Cycler

Ducommun’s switch
cycler is designed to
automate switch
cycling and allow
users to “plug-and-
play” versus having to design a custom
instrument themselves. The CAT-001 allows
users to perform a “burn-in” function for
switches that have sat in inventory for long
periods of time. The CAT-001 also features
an optional strip chart counter to record
data for each switch, GUI remote control for
automation and a keypad for local control.
Ducommun
www.ducommun.com

Microstrip Filter Designs

Y)VENDORVIEW

Free microstrip filter designs are available in
Exceed Microwave’s Microstrip Filter Library
for number of sections that are four or less.

120

When you do not have time to design your
own planar filters, choose from the
company’s library and they will send you the
.step file for the design.

Exceed Microwave
www.exceedmicrowave.com

18 to 40 GHz mmWave 4-Way
Power Divider

Y)VENDORVIEW

MECA expanded
offering of 5G
mmWave products.
Featuring 4-way power
dividers covering 18
to 40 GHz with 2.92
mm interfaces.
Specifications of
1.2:1 typical/1.80:1 max VSWR, 19 dB
typical/13 dB min. isolation, 2 dB typi-
cal/2.6 dB max insertion loss and 1 dB max
amplitude balance. Also available are
attenuators, terminations, bias tees, DC
blocks and adapters. Additionally octave
and mulit-octave models covering up to 50
GHz built by J-Standard certified assemblers
and technicians. Made in U.S. with
36-month warranty.

MECA Electronics Inc.

www.e-MECA.com

Broadband 1.8 GHz Couplers
J)VENDORVIEW

These 75 Q couplers
are designed for
next-gen CATV
systems. The

MRFCP6762 MRFCP6762 16 dB
coupler is flat to 1.8
" e GHz and provides 20

dB return loss.
Uniquely the 6762
also provides max throughput power with
low loss and nearly 30 dB isolation with
MiniRF repeatability and reliability.
MiniRF
www.minirf.com

5G Interference Solution
)VENDORVIEW
Norsat’s latest 5G
l L f interference solution
. = l Z _ consists of a C-Band
By - .
interference suppres-
sion LNB and
bandpass filter. With the rollout of 5G
infrastructure, new cellular base station
signals will be powerful enough to saturate
sensitive C-Band satellite receiving systems.
Norsat’s advanced LNB with internal filtering
can mitigate 5G signals and is the perfect
solution for broadcasters, media houses
and other C-Band operators. For additional

filtering, the bandpass filter can be used to
reject terrestrial interference within the
C-Band.

Norsat

www.norsat.com

RF Limiters
JVENDORVIEW

Pasternack, an Infinite
Electronics brand, has
expanded its line of
broadband, high-
power coaxial limiters
that are designed to
help protect sensitive
components in the
receive chain and other microwave circuits
in close proximity to high-power signals. The
typical applications for these RF limiters
include EW, military communications,
instrumentation, fiber optic communication
systems, SATCOM, radar, point-to-point
wireless, telecom and R&D applications.
Pasternack

www.pasternack.com

8-Bit Digitally Tuned Attenuator
Y)VENDORVIEW

PMI Model No.
DTA-200M18G-100-
CD-1isa0.2to 18
GHz, 8-bit digitally
tuned attenuator. This
unit has a min. attenuation range of 100 dB
and a min. attenuation step of 0.5 dB. It is
supplied with SMA female connectors and a
15-Pin Micro-D female connector in a
housing measuring 4 x 1.8 x 0.5 in.

Planar Monolithics Industries Inc.
www.pmi-rf.com

Terminated (Absorptive) SPDT
Switch

RLC Electronics
announced the
addition of a
miniature terminated
(absorptive) SPDT
switch. The switch
provides proven
reliability, long life and
excellent electrical performance. It features
extremely low insertion loss (< 0.3 dB at 18
GHz) and VSWR (1.5:1 max at 18 GHz)
while maintaining high isolation (> 60 dB at
18 GHz). This miniature terminated SPDT
switch measures 1.2 x 2.09 x 0.52 in.
(standard unit is 2.25 x 2.25 in.).

RLC Electronics Inc.
www.rlcelectronics.com
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NewProducts

RF Switches, Filters and Measuring
Chambers

The current economy
is developing faster
and faster. Those who
cannot react flexibly
and at short notice to
new technologies and
ideas miss the pulse
of time. These
demands are also passed on to the entire
supply chain. Telemeter Electronic GmbH,
which as a strong link in this chain, is proud
to be able to act Europe-wide now. The
company will now present new products in
the field of RF switches, filters and
measuring chambers.These products
convince by fast availability, customized
adaptation and reliability.

Telemeter Electronic GmbH
www.telemeter.info

CABLES & CONNECTORS
RF Cable Assemblies

Fairview Microwave
Inc. has released a
new series of
high-reliability,
temperature
conditioned RF cable
assemblies that are
ideal for military
electronics, avionics,
SATCOM, ECM, IFF and other mission critical
applications. Fairview’s new low loss,
pre-conditioned, high-reliability cables cover
operating frequencies to 18 GHz and deliver
VSWR as low as 1.35:1. This product line is
made up of 128 configurations built from
three different types of cable, totaling more
than 1,400 parts all available with same-day
shipping.

Fairview Microwave Inc.
www.fairviewmicrowave.com

Plenum-Rated Twinaxial Cable
Assemblies

MilesTek’s plenum-
rated cable assem-
blies are available in
both 78 O (0.150 in.
i e, 0.D. and 0.242 in.
L 0.D.) and 124 O
\ f} (0.242 in. 0.D.)
versions. The cables
are offered off-the-shelf in standard lengths
or they can be ordered in custom lengths.
They feature TRB plugs and jacks, insulated
and non-insulated bulkhead connectors and
blunt end combinations. Plenum cable
jackets reduce the amount of smoke and
flame emitted during combustion, when
compared to PVC jacketed cables.
MilesTek
www.milestek.com

MWJOU lg&IEeébt hhs.cggy{%ﬁ{%t&cgted and prov@ed for personal use only - not for reproduction or retransmission.
For reprints please contact the Publisher.

smtths
unterconnect

bringing technology to life

Meet us at European
Microwave Week 2019 =
Paris, October 1-3 « Booth B1195

M Technically Differentiated Radio
Frequency & Microwave Components

M High Performance Cable Assemblies
M Time and Frequency Systems

M Integrated Microwave Assemblies

more>
smithsinterconnect.com | inwv ®

TAIYO YUDEN's Multilayer Ceramic Device:

- Diplexers and Triplexers
- Low Pass / High Pass Filters, Band Pass Fllters

e Y P Y- T

TAIYO YUDEN
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Amplitude Balance <.3dB

521 TRANS  LOG mAG.

»-4.500 dB 1.000 dB/DIV

.M

6.000000000  GHz  65.000000000

Phase Variation <1°

521 TRANS PHASE
»0.00" 5.99°/01Y

6.000000000  GHz  65.000000000

Isolation >20dB

RANERIILE

on
oAEF= 10000 &

Wl
T [T T

VSWR <1.6:1

The Truth,
he Whole Truth
And Nothing
But The Truth.

_.’-—’

’—,‘
MADE IN usa 150 9001

50 Intervale Road, Boonton, NJ 07005
Tel: 973-394-1719 - Fax: 973-394-1710

www.etiworld.com

NewProducts

Multicoax Cable Assemblies

withwave’s high speed
and high-density multi-
coax cable assem-
blies (WMX Series)
provides a wide range
of multiple coax
connectors and
flexible cable assemblies with a choice of
20, 40, 50 and 67 GHz configurations
based on precision array design and
superior high frequency cabling solutions.
WMKX Series are excellent signal integrity
solutions for benchtop testing and auto-
mated test equipment to meet increasing
demands of semiconductor test equipment
and optical testing industries. These
products consist of high performance
flexible assemblies which can be bundled in
housings (8 and 16 channels).

withwave Co. Ltd.

www.with-wave.com

AMPLIFIERS

AR Catalog, 50th Anniversary
Edition

\T/\/EN DORVIEW

This 50t Anniversary
edition includes
state-of-the-art
amplifiers and other
products for EMC,
wireless, medical and
military markets. Look
at the timeline on the
inside cover to see impressive industry
firsts AR has accomplished over the last
half a century. Find details of the company’s
new shielded enclosure leak detection
system, new RF solid-state and microwave
amplifiers and new ampwebwARe software
so you can control your AR amplifier
remotely.

AR RF/Microwave Instrumentation
www.arworld.us

Discrete Ultra Low Noise
Transistors

Diramics’ pH-100 series of discrete InP
PHEMT transistors offers the best available
noise figure for hybrid LNA fabrication.
These bare die transistors excel at
cryogenic as well as
room temperatures
and are available in
various sizes. This
allows the pH-100
series to cover
frequencies from
below 1 GHz to above
50 GHz. The combination of these features
make it suitable for a broad range of
applications including radio astronomy,
quantum computing, SATCOM, radar,
mmWave imaging and mmWave 5G.
Diramics AG

www.diramics.com

Solid-State High-Power Ka-Band
Outdoor Amplifier
)VENDORVIEW

Exodus Advanced
—" Communications’
| ‘ ,;.“ outdoor Ka-Band
= series is designed for
B 56 ohile and fixed
SATCOM terminals.

This series features high linear power and
long-term reliability in a lightweight and
small outdoor form factor. The new
AMP4069-0DT covers 26.5 to 40 GHz,
produces 5 W, 3 W P1dB, with 37 dB min.
gain. The unit has excellent band flatness.
The nominal weight is 22 Ibs, and dimen-
sions of 8.43 x 13.15 x 5.7 in.
Exodus Advanced Communications
www.exoduscomm.com

RFA 300K3G—RF Amplifier 300
kHz to 3 GHz

Teutren Seme AP Ao B B

—_— e HUBER Signal
- = Processing extends

0 its precision amplifier
series with the RFA
300K3G. Besides the
DC-coupled amplifiers
RFA 300 and RFA
600, the RFA 300K3G
is ideal for RF applications. Typical
applications are radar, SATCOM, avionics,
space, defense, etc. Products of HUBER
Signal Processing are made in Germany and
may be individually modified to the
customer’s specification.
HUBER Signal Processing
www.huber-signal.com

SGA/SGN Series SSPA

KRATOS General
Microwave’s SGA/
SGN Series SSPA's
offer GaAs/GaN
- technology reliability
that can be customized to meet specific
pulse or CW output powers. The product line
supports both X- and Ku-Band applications
with bandwidths up to 10 percent and offers
peak power outputs up to 400 W. Designed
for demanding aerospace, defense and
SATCOM applications. General Microwave
SSPAs have excellent power efficiency with
demonstrated field proven performance and
reliability. General Microwave’s vertical
integration process affords flexible layouts
and architectures to meet individual
specifications for electrical, mechanical and
environmental parameters.
KRATOS General Microwave
www.kratosmed.com

Low Current, Wideband, Ceramic
Monolithic Amplifier
)VENDORVIEW

The CMA-183L+ is a
low current, wideband
gain block that
i / operates up to 20
- GHz fabricated using
highly reliable GaAs

HBT process. This Darlington pair amplifier
delivers excellent gain flatness, good return
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NewProducts

loss, low current with acceptable P1dB and
OIP3 across a wide bandwidth without the
need of external matching network. It has
highly repeatable performance from lot to lot
and it is packaged in an LTCC hermetic
package utilizing fully automated and highly
reliable manufacturing processes. CMA-
series amplifiers are capable of meeting MIL
requirements for gross leak, fine leak,
thermal shock, vibration, acceleration,
mechanical shock and HTOL. The tests can
be performed if requested.

Mini-Circuits

www.minicircuits.com

Ultra-Low Noise Amplifier

Richardson RFPD Inc.
®e ® announced the
W WenTrem o . .

availability and full
design support
capabilities for an
ultra-low noise
amplifier from WanTcom. At +12 VDC
operation, the unconditionally-stable
WBA0180210A offers 0.27 dB noise figure,
with 27 dB of gain and +10 dBm P1dB.
Available in a standard SMA-connectorized
gold plated package, it benefits from
WanTcom'’s proprietary LNA technologies,
high frequency microelectronics assembly
techniques and longstanding reputation for
high-reliability.
Richardson RFPD
www.richardsonrfpd.com

SYSTEMS

RF Down-Converters

NuWave’s Conver-
taWave™ series of RF
down-converters offer
unmatched precision
with 100 kHz or 1 Hz
tuning resolution with
superior rejection of out-of-band interfer-
ence. These down-converters are robust,
providing high dynamic performance and
featuring both automatic gain control (AGC)
and manual gain control (MGC). Conver-
taWave’s combination of power efficiency,
miniaturization and ruggedized packaging is
ideal, but not limited to SIGINT, COMINT,
ELINT and RF down-conversion.

NuWaves

www.NuWaves.com

W-Band Receiver
j . SAGE Millimeter’s
l.g‘*“n” Model SSR-
9330634030-10-M1-
is a W-Band image
rejected receiver. The
receiver has a typical
conversion gain of 30 dB with a typical RF
input power of —60 dBm in the frequency
range of 90 to 96 GHz and an IF output
frequency range of 5 to 11 GHz. The
receiver has a built-in X8 multiplier which
requires a typical input LO power and
frequency of +5 dBm and 10.625 GHz,
respectively.
SAGE Millimeter
www.sagemillimeter.com

MWJOU &1}}% I\hs.cgggl{%ﬁ{%t&cgted and prov1ded for personal use only - not for reproduction or retransmission.
For reprints please contact the Publisher.

MiniRF

Passives with a Passion for Performance

NEW 3 GHz
& Beyond Products!

e Enables DOCSIS 3.1 & full duplex requirements
e Achieve max RF output power w/ MiniRF passives
 Repeatability & reliability - a MiniRF trademark

* 100% RF test, local design & support

Standard & Custom Components

. =1

RF CHOKES

L
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S YY)

CCLLLEEE LAt

5008750 Precision inductors
supporting a wide & chokes with wire
range of applications | diameters from

with impedance 0.060~5mm single
ratios of 1:1, 1:2, & multilayer, air-core,
1:4,1:8,1:16. coil configurations.

1.8GHzBW
3 & 4 port models
with optional

2.5 GHz BW, 2/3&4
way power splitters
coupling factors for designed for both

Broadband / CATV 50 & 75 ohm
Systems. applications.

www.minirf.com | sales@minirf.com | (408) 228-3533

FEATURED

WHITE PAPERS

The information you need, from industry experts
Wikstromenrs T
Design and Modeling of a Solid-State
Transmit/Receive Module for Radar Applications
CIMini-Circuits’
Filtering Without Reflections: Flattening
Multiplier Chain Conversion Efficiency & More

ROHDE&SCHWARZ

ICR-RF MW Frontends

Signal HovRd

802.11blalnlac WLAN Modulation Analysis in Spike

Check out these new online Technical Papers

featured at MWJournal.com

Journal

Frequency Matters.
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Passive Blus Inc.

RF & Microwave Capacitor‘g,_

In Stock
Capacitors

HF /Microwave
Hi-(1/Low ESA/ESL EIA Capacitors

<« 0 %S B 9p
0201 0402 0803 W 0805

* Low ESR/ESL 0708
e TC = NPO “=Modelithics*

> Modeling Data Available
Hi-(1 Low £SA Capacitors

M"__
¥
e Case Sizes: 0505, 1111
° Q> 10,000

* Low ESR/ESL

° TC = NPO / P90
* RoHS or Tin/Lead Termination
* Modeling Data Available

Available in Non-Magnetic Terminations
HF /UHF

High Power Applications

“Modelithics-

= ===

2225 3838 6040 7676 1313
* High Power Capacitors ~ Case Sizes:
* Up to 25kV 2225
¢ High Current 3838
*TC =NPO 6040
*Values: 1pF-120,000pF 7676

* RoHS or Tin/Lead Termination 1313
* Custom Assemblies

Available in Non-Magnetic Terminations

Aerospace * Aviation * Military
Commercial * Medical
Telecommunications

* Unmatched customer service
* Modeling Available

* Design kits in stock

* I[nventory programs

Call us today
631-425-0938
sales@passiveplus.com

www.PassivePlus.com
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NewProducts
SOURCES

Precision CNG Generator

The NoiseWave
[ . : NW-CNG instrument
R Seee e G5 improves the speed
" © and accuracy of BER
testing by automati-
cally setting precise, stable SNR, CNR and
Eb/No ratios, replacing cumbersome
alternatives and reducing test time. High
accuracy is achieved due to NoiseWave’s
proprietary noise generator, broadband
amplifier and solid-state variable attenuator
and switch technology. Utilizing NoiseWave's
true AWGN noise modules with a minimum
noise crest factor of 18 dB allows the user
to rapidly and accurately test very low bit
error rates.
NoiseWave
www.noisewave.com

New Ultra-Ultra Low lJitter Crystal
Oscillators

Announcing the expanded offering of the
Pletronics SM77J, HC77J, LV77J and PE77)
Series boasting ultra-ultra low jitter and is,
produced on an AEC Q-200 manufacturing
line. The J series oscillator family is ideal for
use applications where an improved signal
to noise ratio and bit error rate are required.
Digital communications infrastructure, 5G
head-end & data, 100G to 400G optical
transport networks, full speed GbE, PCI
express. This full line of high precision
quartz crystal are available in 1.25 to 175
MHz in CMOS logic and 25 to 175 MHz in
differential output logic.

Pletronics

www.pletronics.com

Fixed Frequency Phase Locked
Loop
J/)VENDORVIEW

Z-Communications
announces a RoHS
compliant fixed
frequency phase
locked loop model
RFS1090A-LF in the
L-Band. RFS1090A-LF
is a fully integrated synthesizer operating at
1090 MHz.

Z-Communications

www.zcomm.com

ANTENNAS

Anten’it Antenna Design and
Training Kit

Antenom Antenna
Technologies
announced four
different products in
Anten’it product
family. Anten’it is a
new concept in
antenna design and antenna training. There
are metal cells, three different types of
dielectric cells with 2.6, 4.4 and 10
dielectric constants, ground planes and
connectors. These cells are in brick form
which allows connecting them to build an
antenna and disconnecting them to re-use
for another antenna. Anten’it antenna
training kit has the ability of teaching
antenna design in antenna laboratory
lectures at the universities.

Antenom Antenna Technologies Inc.
www.antenit.com

Triband (26/28/39 GHz) 5G
Antenna

Sensorview Co. Ltd., a
manufacturer of test
antennas and cables
for 5G and mmWave
industry, has released
ASV0051,
‘W“' Triband (26,/28/39
GHz, Circularly
Polarized) antenna with 11 dBic gain, < 3
axial ratio, miniature size 22 x 42 x 42 mm,
and 2.92 mm connector for test & measure-
ment solutions. It is an optimized solution
for 5G AUT in test & measurement and will
minimize your chamber sizes, decrease
budgets and maximize your test performanc-
es.
Sensorview Co. Ltd.
www.sensor-view.com

MATERIALS

Bondjet BJ855—Fine Wire &
Ribbon Bonder

The high speed and
fully automated fine
wire bonder Bondjet
BJ855 of Hesse
Mechatronics meets
with its wedge-wedge
and ball-wedge
bondheads the
increasing demands of bonding. On the
large working area of 305 x 410 mm fine
wires from 12, 5 to 75 pym are processed.
Typical applications are components in RF
technology, COB, MCM, hybrids, optical and
automotive electronics. In addition to
standard configurations, Hesse offers
individually adapted automation concepts.
Hesse GmbH
www.hesse-mechatronics.com

Content is copyright protected and provided for personal use only - not for repm&},}g‘tﬁ%{lﬂ @WEEEEMBER 2019
For reprints please contact the Publisher. ’



MICRO-ADS

REVOLUTIONARY
HERMETIC SMP CONNECTORS

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

For use with Aluminum, Kovar
and other package materials

SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 — WILTON — NH — 03086
(603) 654-2002 — Fax (603) 654-2533

E-mail: sales@shp-seals.com
Web: www.shp-seals.com

LOW CTE EPOXY

O for

Two Part EP30OLTE-2

flowable system for bonding,
potting and encapsulation

10-13 x 10 infin/°C
SMASTER

+1.201.343.8983 e main@masterbond.com

www.masterbond.com

NDUSTRIES, INC.
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 SECTOR MICROWAVE pe

ES MICROWAVE LLC.

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

Broadband suspended-substrate technologies.

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

DC-40 GHz Filters
Multiplexers &
Switch Filter Banks

ES Microwave, LLC

8031 Cessna Avenue, Gaithersburg, MD 20879
P: 301-519-9407 F: 301-519-5418
WWw.esmicrowave.com

View This Month'’s
Featured

e

at mwjournal.com/
ebooks

sikriilters.com
| Phone 732.636.1900
\Fax 732.636.1982

AN

WESTBQND INC. — |~ — "~ < | —WESTBONDINC

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 amplifi
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@ com, Website: www.wenteq.com

WIRE BOND

WEST BOND,
Ld

[~V

S
AVEST-BOND NG ~-

- > WEST.BONDNNC.

www.westbond.com

For reprints please contact the Publisher.
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BookEnd

his cutting-edge resource pres-
I ents a complete and systematic
overview of the practical design
considerations of RF high efficiency
load modulation power amplifiers (PA)
for modern wireless communications
for 4G and beyond. It provides com-
prehensive insight into all aspects of
load modulation PA design and opti-
mization, not only covering design ap-
proaches specifically for passive and
active load modulation operation but
also hybrid with dynamic supply modu-
lation and digital signal processing
algorithms required for performance
enhancement.

\

gl
to succeed.

High-Efficiency Load Modulation Power
Amplifiers for Wireless Communications

Zhancang Wang

Passive load impedance tuner de-
sign, dynamic load modulation PA, ac-
tive load modulation PA and Doherty
PA design for efficiently enhancement
are explained. Readers find practical
guidance into load modulation PA de-
sign for bandwidth extension, includ-
ing video bandwidth enhancement
techniques, broadband dynamic load
amplifiers, topology selection, design
procedures and network output. This
book presents the evolution and inte-
gration of classical load modulation PA
topologies in order to meet new chal-
lenges in the field.

¥ ARTECH HOUSE

PRACTICAL BOOKS FOR ENGINEERING PROFESSIONALS

126

For reprints please contact the Publisher.

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: 978-1-60807-987-2
414 pages

$125/£108
Use code WANZ25 to receive

25% discount on this title!
(expires 10/31/2019)
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EUROPE’S MEETING PLACE
FUR SPAGE BUSINESS, SPACE TECH EXPO
TECHNOLOGY. & INNOVATION

400 CUTTING-EDGE MANUFACTURERS

AND SUPPLIERS EXHIBITING
FREE INDUSTRY AND TECHNICAL o e

CONFERENCE PROGRAMME FREE TU ATTEND
B2B MATCHMAKING MEETINGS SERVIGE

NEW FOR 20]¢
EXCLUSIVE NETWORKING EVENTS ° NEWFOR 20131

elecnor group

AIRBUS “oHB /-#7 KSAT: Gnosensommen (i ' deimos ——

REGISTER FOR YOUR FREE PASS ONLINE  WWW.SPACETECHEXPO.EU // INFO@SPACETECHEXPO.EU

@IEEE 2019 IEEE International Symposium on

raeens Sy Phased Array Systems and Technology
Revolutionary Developments in Phased Arrays

» Conference dates: 15 - 18 Oct. 2019 Sessions
= Array Design - Metamaterial Phased Arrays

: - Beamforming and - Signal Processing and
About the stposmm ) ’A) . Calibration ) Argchitectures )
Phased array systems continue to be a rapidly '((j " T/R Modules . 5G Arrays
evolving technology with steady advances (f ( ‘%": Radar Systems
motivated by the challenges presented to &) ?@ 3 .M
modern military and commercial applications. & O’E‘@? Special Sessions
This symposium will present the most recent /9/\ / Q@ﬁi = European Phased Array Systems and Technology
advances in phased array technology and - Asia-Pacific Phased Array Systems and Technology
provide a unique opportunity for members of - Dual-Polarization Weather Radar Arrays

Wideband Array Apertures
Dr. Hans Steyskal: A Tribute to his Life and Contributions
to Phased Array Systems and Technology

the international community to interact with colleagues in the
field of Phased Array Systems and Technology.

Plenary Session Speakers

« Dr. Ellen Ferraro « Prof. Frank van Vliet
Chief Engineer for Integrated Communication Systems (ICS), Principal Scientist, Nederlandse Organisatie voor Toegepast
Raytheon Space and Airborne Systems Natuurwetenschappelijk Onderzoek (TNO) and Professor at
University of Twente, The Netherlands
« Dr. Tony DeSimone
Vice President and Chief Engineer, Integrated Weapons Systems « Dr. Helen Kim

and Sensors (IWSS), Lockheed Martin Corporation Co-Founder and Chief Executive Officer NanoSemi, Inc.

« Dr.R. Eric Reinke o Mr. Kurt Hondl
Vice President and Chief Scientific Officer, Emerging Capabilities Deputy Director, National Severe Storms Laboratory (NSSL), and
Development Division, Northrop Grumman Mission Systems Program Manager, Multi-function Phased Array Radar (MPAR) at the
National Oceanic & Atmospheric Administration (NOAA)
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Fundamentals of Real-Time Operating
Systems (RT201)

Design Thinking For Technical Work
Verilog 101: Verilog Foundations

SystemVerilog 101 (SV101): Design Con-
structs

SystemVerilog 102 (SV102): Verification
Constructs

High Performance Project Management
Introduction to Embedded Linux

Software Development for Medical Device
Manufacturers

Fundamental Mathematics Concepts Re-
lating to Electromagnetics

Reliability Engineering for the Business
World

Embedded Linux Optimization

Embedded Linux BSPs and Device Driv-
ers

Python Applications for
esign and Signal Pro
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Northeastern University Expeditionary Cyber and Unmanned Aerial System Facility:
One of the most advanced wireless evaluation centers in the world

program at Northeastern University's suburban

campus in Burlington, just north of Boston. On my
recent visit to the campus, | was stunned to find a com-
pletely transformed facility that used to only house a few
classrooms and small library. Now it is the state-of-the-art
Northeastern University Innovation Campus at Burlington
MA (ICBM) that hosts the Kostas Research Institute and
Northeastern University Expeditionary Cyber and Unmanned
Aerial System (ECUAS) Research and Development Facility
along with labs and startup incubator facilities.

The ECUAS facility provides a suite of capabilities for sci-
ence, engineering, technology development, test and evalua-
tion on advanced systems across all readiness levels. It is a
platform to spur innovation in cyber systems, electromag-
netic systems, navigation and timing systems, autonomous
systems and flight systems for ground and air autonomous
vehicles. The facility consists of both indoor and outdoor
test ranges for evaluating autonomous aerial and ground
systems, antennas, cyber, radio, network, navigation and
communications equipment.

This unique facility has one of the largest anechoic cham-
bers on the East Coast that attaches through a tunnel to
a large netted outdoor testing area with the goal of being
flexible and configurable to support current and future R&D
activities. The Indoor Wireless Test Range includes a 50
f£. x 5O ft. x 22 ft. Faraday Cage/Anechoic Chamber for
operation of unmanned and autonomous systems as well as
testing of wireless devices in a fully controlled RF environ-
ment. The chamber has state-of-the-art software-defined
radios and ©4 antenna array to transmit/receive arbitrary
waveforms for jamming, interference, spoofing, communica-
tions and control; multi-axis antenna positioner with +0.5
degree accuracy for antenna testing/analysis; accommoda-
tion for testing up to 1200+ Ibs large drones with integrat-
ed tether points; RF testing from 300 MHz to 16+ GHz;

B ack in the 1990s, | completed an MBA night

24 cameras with 360 degree HD optical tracking system for
precise indoor positioning in the 50,000 cu. ft. volume; and
state-of-the-art RF measurement equipment.

The outdoor facility is a 150 ft. x 200 ft. x 60 ft. netted
enclosure for unobstructed GFS enabled flight testing. Flight
in the netted enclosure eliminates need for FAA approval
and is large enough to support multiple simultaneous test
events. It is outfitted with various UAS obstacles for setting
up a wide range of flight tests and has a paved surface for
testing air and ground systems, including UAS/UGS team-
ing exercises. It is equipped with enhanced kinematic GFS for
extremely precise centimeter positioning, has steady state/
gust wind test capability for small drones (<150 g), an
interconnected flight path between outdoor and indoor test
ranges for seamless transition and 60 ft. observation deck in
adjacent building for flight test viewing.

The facility can perform navigation testing (with jamming,
spoofing, interference) using a Global Navigation Satellite
System (GNSS) simulator, cyber security testing of wireless
devices for vulnerability/exploitation analysis, EMF test-
ing (RS105) for radiated susceptibility of small devices/
systems, characterization of emissions of wireless devices
to enable things such as UAS/UGS Detection/Tracking and
networking for autonomy, swarms and massive MIMO.

The ICBM facility recently won the right to host DARFAs
Colosseum testbed, which is the largest and most powerful
channel emulator in the world. The Colosseum is supporting
the Spectrum Collaboration Challenge to evaluate teams en-
tering their Al-based wireless algorithms into the contest to
see who has the best performance for autonomous systems.
This ECUAS facility is one of the most advanced and unique
wireless facilities in the world and will be enabling new RF and
ticrowave innovation for years to come.

Patrick Hindle,
Microwave Journal Editor
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\RE HIGHPOWER

HIGH POWER RADIAL COMBINERS & DIVIDERS

Multi-kW Power Levels + Low Loss Circuits + Custom Designs Available

Model Type Frequency Power Peak Insertion VSWR Connector Type

(MHz) (W CW) Power (W) Loss (dB)
D9816 8-Way 330-530 10,000 50,000 0.25 1.30 3 1/8" EIA, N-Female
D8454 8-Way 370-450 10,000 50,000 0.25 1.30 3 1/8" EIA, N-Female
D5320 12-Way 470-860 500 5,000 0.3 1.30 All N-Female
D10119 4-Way 700-4200 2,000 15,000 0.3 1.35 13-30 DIN-Female, N-F
D10603 32-Way 900-925 50,000 150,000 0.15 1.25 WR975, 7/16-Female
D10795 32-Way 900-930 25,000 150,000 0.25 1.20 WR975, 4.3-10-F
D9710 8-Way 1000-2500 2,000 10,000 0.3 1.40 1 5/8" EIA, N-Female
D8182 5-Way 1175-1375 1,500 25,000 0.4 1.35 1 5/8" EIA, N-Female
D6857 32-Way 1200-1400 4,000 16,000 0.5 1.35 15/8" EIA, N-Female
D9529 8-Way 2305-2360 1,000 6,000 0.2 1.15 7/16-Female, N-Female
D9528 8-Way 2305-2360 2,000 12,000 0.2 1.15 7/8" EIA, N-Female
D11028 16-Way 2305-2360 2,000 20,000 0.2 1.15 15/8" EIA, N-Female
D10851 8-Way 2400-2500 8,000 50,000 0.2 1.25 WR340, 7/16-Female
D11433 16-Way 2700-3500 2,000 20,000 0.3 1.35 WR284, N-Female
D11815 16-Way 2700-3500 6,000 40,000 0.3 1.35 WR284, N-Female
D9582 16-Way 3100-3500 2,000 16,000 0.25 1.50 WR284, N-Female
D11839 16-Way 5300-5900 8,000 50,000 0.15 1.40 WR159, 7/16-Male

Werlatof@ent iy sczmﬂﬂsbﬁawfﬁss%ﬁm@ewqw forspersonak usgonly mnot forreproduetion QeI one. com
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The Market Leader For GaN-on-SiC

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

QPA2213D
QPA1022D

TGA2222
TGA2224

Qorvo brings the most reliable and efficient GaN portfolio to the defense and aerospace industries. With
superior power, efficiency and gain, our customers now have the flexibility to design systems without losing
performance. Qorvo's GaN gives the user confidence in long-term operation and reduced system level
costs. Qorvo delivers world-class electrical performance, and our partners benefit from a DoD “trusted”
and assured supplier. We are also the only GaN supplier to reach manufacturing readiness level 10.

Qorvo GaN makes it possible to engineer the most powerful RF systems in the world. To learn more about
Qorvo's GaN advantage, visit gorvo.com/gan.

Qorvo
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bout one century ago, Armstrong and

Levy independently filed patents for

receivers incorporating the superhet-
erodyne principle. This revolutionary idea used
a variable frequency oscillator to tune the RF
input, allowing a range of RF frequencies to be
converted to a fixed intermediate frequency (IF).
By fixing the IF output of the down-converter, it
became much easier to design and build the rest
of the system—since low frequency, narrow-
band components performed better and were
less expensive. This simple idea set the ground-
work for modern wireless systems.

Response (dB)

IF Response

Fig. 1 Agile IF bandwidths from 50 MHz to 1 GHz.
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Relying on a fixed IF does compromise fre-
quency planning. Some applications require a
wide IF bandwidth to digitize a wideband signal,
others are better suited to a narrower IF with bet-
ter sensitivity. Since different microwave convert-
ers use different IF bands, matching them with
digitizers is challenging. To address this, Mercury
Systems has implemented a novel, agile IF archi-
tecture that maintains the benefits of the classi-
cal superheterodyne system while providing flex-
ibility to dynamically adjust the IF band, enabling
optimization from mission to mission and easy
integration with various digitizers (see Figure 1).

While an agile IF architecture can be used
in various applications, the benefits are critical
for electronic warfare (EW) and electronic intel-
ligence (ELINT). Unlike most communication
and radar systems, where both the transmit and
receive sides of the link are defined, EW and
ELINT systems process an adversary’'s signal.
Since they span a wide range of frequencies
and bandwidths, modern EW and ELINT sys-
tems must be highly flexible. This is one of the
primary challenges designing such systems and
is also the key reason EW and ELINT systems
typically have wide bandwidths. With an agile IF
architecture, they can be dynamically optimized
for a specific mission, ensuring their capabilities
stay ahead of new threats.

As adversaries harness readily available com-
mercial technology, the U.S. and its allies must



Let our Engineers show you
what we can do in tight spaces!

High Performance, Rugged Packaging, Small Size and Weight

Great things can come in small packages. Reactel filters
are ideally suited for the demanding environments
that unmanned vehicles encounter.

Many manufacturers rely on Reactel to provide units which are:
* High performance
* Lightweight
* Low profile

Contact a Reactel engineer with your filter or multiplexer requirements.
We can create a unit which will be the perfect fit for your applications.

Y o Phone: (301) 519-3660 (301) 519—;&7

For general inquiries, please email reactel@reactéfi€om  Follow us on Twitter: @reacteljim
Go online to www.reactel.com to download youfReactel catalog today.

.}_ j_ r L

@reacteljim




MILTTARY MICRUWAVES

have the ability to rapidly update existing systems to control
the electromagnetic spectrum. As upgrading system ele-
ments is both costly and time consuming, hardware with the
capability to reduce the scope of system changes provides a
strategic advantage. Here, the agile IF architecture provides
an additional benefit: by adjusting the IF band, the user can
adapt a single microwave converter to operate with various
components, which both reduces the cost to upgrade and
enables the latest EW and ELINT technology to be deployed
rapidly. Adopting this architecture, system hardware can be
dynamically optimized for specific missions. The following
sections describe these differentiators.

Imagine you are the EW officer on an aircraft, scanning
the spectrum for threats and other signals of interest. You
use a microwave tuner to down-convert a portion of the band
to IF, which is digitized and processed. The scanning contin-
ues as the microwave tuner is re-tuned to the next RF fre-
quency range. The amount of spectrum down-converted in a
single pass is known as the instantaneous bandwidth (IBW).
For scanning large spans of spectrum, it should be as large
as possible. By maximizing the IBW, the system can observe
more of the spectrum simultaneously and capture signals
with a wide bandwidth. For example, a 2 GHz IBW covers the
6 to 18 GHz band in six steps, while a 1 GHz IBW requires 12.

A narrower IBW is preferred for other applications, such
as collecting a specific signal rather than scanning the spec-
trum for signals of interest. If a signal is only 200 MHz wide,
for example, there is no need to capture 2 GHz of spectrum.
Capturing an unnecessarily wide band results in the digiti-
zation and collection of noise, causing the storage medium
to fill quickly. Also, optimizing for a wide bandwidth requires
a trade-off in the performance of the converter. Typically,
maximum sensitivity and dynamic range are achieved with
a narrower bandwidth. A low level signal compared to the
background noise requires a high sensitivity receiver, which
is much easier to implement with a narrow IBW.

By dynamically adjusting the IF band, the IBW can be
optimized for a specific application, enabling a single micro-
wave converter to be used without sacrificing performance.
Previously, multiple converters were required. This multi-IBW
solution reduces cost and helps minimize total system size.

Turning to the digitizer following the microwave converter,
in receive, the RF signal is down-converted to IF, then feeds
an analog-to-digital (ADC) converter, where it is digitized for
processing. In transmit, the processed digital signal is con-
verted back to IF by a digital-to-analog converter (DAC) and
up-converted to RF. To maximize system performance, the IF
frequency from the microwave converter must be compat-
ible with the digitizer. Often, this requires a custom micro-
wave front-end; however, an off-the-shelf front-end with an
agile IF architecture operates with many ADCs and DACs,
reducing cost and supply chain complexity.

Returning to the example from the previous section, as-
sume that optimizing system performance requires dedi-
cated digitizers for each scenario: 1) scanning the spectrum
for signals and 2) analyzing a specific, narrowband signal.
While the scanning system might use a 12-bit digitizer, the
narrowband system will perform better with a higher resolu-
tion, 16-bit digitizer, enabling detection down into the noise.
However, these digitizers likely require different microwave
frequency converters. While it is possible for each system
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Fig. 2 1 GHz IBW IF centered in the second Nyquist zone.

to have its own custom-designed frequency converter, it will
increase the development cost and supply chain complexity.
Also, with separate frequency converters, it is not possible
to reconfigure a system in the field. However, as noted, an
agile IF architecture enables a single frequency converter to
support both wideband and narrowband applications.

The agile IF architecture simplifies system updates. In
an environment of rapidly emerging electronic threats, EW
and ELINT systems must be regularly updated to incorpo-
rate the latest technology. Unfortunately, these updates are
time consuming and costly. Using an agile IF architecture
makes it possible to reuse the same microwave frequency
converter through multiple system upgrades, which extends
the operational life of the converter and significantly reduces
cost. Of the types of technology improvements that drive
system updates, most of the changes are on the digital side,
due to pace of processor and software technology driven
by Moore's Law. While the performance of the microwave
converter will likely support multiple upgrades, the system
needs the latest generation of ADCs and DACs. With a tra-
ditional system, updating the digitizer requires changing the
microwave converter.

The microwave converter is dependent on the specific
digitizer because the IF from the converter must be restrict-
ed to a single Nyquist zone. The digitizer's Nyquist zones are
defined by its data rate and the number of samples per fre-
quency component. For example, if an ADC has a data rate
of 2 GSPS, the first Nyquist zone extends from DC through
1 GHz, and the second Nyquist zone starts at 1 GHz and
extends to 2 GHz. A signal spanning two Nyquist zones
causes aliasing, i.e., signals from all the Nyquist zones are
mapped into the first zone. To prevent this, anti-aliasing filters
are used to limit the input frequency range; however, this
requires the input signal to be constrained to a single Nyquist
zone. With a fixed IF architecture, modifying the data rate of
the digitizer results in a new frequency plan and requires a
new microwave converter. With an agile IF architecture, the
frequency plan can be modified and the existing microwave
converter will support multiple updates to the digitizer.

To illustrate, assume an EW system with a broadband
microwave front-end and a digitizer designed to process sig-
nals from 6 to 18 GHz. For this application, a digitizer with a
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