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BETTER COMMUNICATION SOLUTIONS
MECA 5G Products & Equipment

MECA Electronics designs and manufactures an extensive line of RF/Microwave Equipment and
components with industry leading performance including D.A.S. Equipment, Low PIM Products, supports
5G & Millimeter-Wave, Power Dividers & Combiners, Directional & Hybrid Couplers, Fixed & Variable
Attenuators, RF Terminations, Circulators/Isolators, DC Blocks & Bias Tees, Adapters & Jumpers. Models
available in industry common connector styles: N, SMA, 2.92mm, TNC, BNC, 7/16, 4.1/9.5 & 4.3/10.0 DIN

as well as QMA, Reverse Polarity SMA, TNC and various mounting solutions.

Since 1961 MECA Electronics (Microwave Equipment & Components of America) has served the
RF/Microwave industry with equipment and passive components covering Hz to 50 GHz. MECA is a
privately held ISO9001:2015 Certified, global designer and manufacturer for the communications industry
with products manufactured in the United States of America. We stock products so that you do not need to.

Attenuators

Directional Couplers/Hybrids

L]
Up to 40 GHz o o
0.4 - 40 GHz SMA, 2.92, QMA, N, S
SMA, 2.92, QMA, N, TNC, BNC, RPTNC & 7/16 20 MHz - 40 GHz
TNC, BNC, RPTNC & 7/16 Up to 150 watts SMA, 2.92, QMA, N,

TNC, BNC, RPTNC 4.1/9.5 & 7/16

Up to 500 watts
Up to 120 watts

MIL-DTL-15370 Available

Power Divider/Combiner

Terminations

Circulators/Isolators

20 MHz - 40 GHz
SMA, 2.92, QMA, N,
— TNC, BNC, RPTNC 4.1/9.5 & 7/16
Up to 40 GHz Hz-18 GHz Up fo 120 watts
SMA, 2.92, N, & 7/16 N, SMA & 7/16 MIL-DTL-23971 Available

Up to 250 watts Up to 250 watts
MIL-DTL-3903E

MECA Electronics, Inc.
Microwave Equipment & Components of America

e-MECA.corm yovriaht protected. anc A r nersonal LUse o oduc
Since 1961 lel: 973-625-06061 =« Fax:973-625-G277 - sales@e-ViECA.com



Picoprobe elevates p'('o

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

testing instruments.

Through modular

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

design

GGB INDUSTRIES, INC. -«

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

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

P.O.BOX 10958 -

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

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

Typical Specs 10GHz 20GHz 40GHz
Insertion Loss 0.6 dB 0.8dB 1.3 dB
ReturnLoss 22dB 18dB 15dB

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

NAPLES, FL 34101
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POWER
SPLITTERS/
COMBINERS

from 2 I(HZ fo 40 GHZ as low as 8 9 :ﬁ (qty.1000)

!

COVERING 10 to 40 GHz
IN A SINGLE MODEL
2-WAY ZN2PD-K44+
4-WAY ZN4PD-K44+
8-WAY ZNSPD-K44+

The industry’s largest selection includes THOUSANDS
of models from 2 kHz to 40 GHz, with up to 300 W power

handling, in coaxial,flat-pack, surface mount and rack mount

housings for 50 and 75Q2 systems.

From 2-way through 48-way designs, with 0°, 90°, or 180°

phase configurations, Mini-Circuits’ power splitter/combiners offer a vast
selection of features and capabilities to meet your needs from high power
and low insertion loss to ultra-tiny LTCC units and much more.

Need to find the right models fast? Visit minicircuits.com and use Yoni2®!
It’s our patented search engine that searches actual test data for the models
that meet your specific requirements! You'll find test data, S-parameters,
PCB layouts, pricing, real-time availability, and everything

you need to make a smart decision fast!

All Mini-Circuits’ catalog models are available off the shelf for immediate
shipment, so check out our website today for delivery as soon as tomorrow!

o RoHS Compliant
Product availability is listed on our website.

- - - - ®
[ JMini-Circuits
wwivententirs capyybght pratectes 8ad weVisleddon pevsomnabsissoonly (7 1Bpbtar 16prduH OB PIMIEHRANSISH ON. 445 Rey U
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Designed For
5G MIMO Active Antenna!!!

The World First SMT Microstrip Patented
Isolator/Circulator at 28GHz & 38GHz
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HIGH-PERFORMANCE, QUALITY
AMPLIFIERS WITHOUT THE WAIT!

MULTI-OCTAVE
LOW-NOISE MODELS

100 MHz to 40 GHz

18 GHz at 1 Watt

MEDIUM-POWER
MODELS

1 GHz to 40 GHz

TABLETOP INSTRUMENT
LOW-NOISE MODELS

narda@@mir=aq
L3’s INDUSTRY-LEADING AMPLIFIERS ARE READY FOR NEXT DAY DELIVERY!

L3 Narda-MITEQ offers the most extensive line of high-performance amplifier products — all backed by a
three-year warranty. Now you can get immediate delivery on our most popular amplifier models directly from
stock. Order today and get your amplifier tomorrow. You can count on L3 Narda-MITEQ — your best resource
for RF and microwave components. Call us at (631) 231-1700. nardamiteq.com/083a

L3T.COM

‘ AEROSPACE SYSTEMS
ELECTRONIC SYSTEMS

COMMUNICATION SYSTEMS

TQCh“OlogieS SENSOR SYSTEMS

Narda-MITEQ
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RF-LAMBDA

THELEADER OF RF BROADBAND SOLUTIONS

RFLUPAOTM226A
WO0I22BHL

P RFLUPAD218GA

RFLUPADBGIIGA
50W 8-11GHZ

140W 6-18GHZ
10W 2-18GHZ SOLID STATEBROADBAND

RFLUPA18G4TGC

2W1B-47GHT

RFLUPAOG18GC
25W 6-186HZ

RFLUPAOGGI2EE %

RFLUPA28G426A

%BWeIeH @ 2W 28-42GHZ

RFLUPAO2GOGGC
100W26GHZ -«

¥/ RELUPAOTO66D

SYSTEM POWER AMPLIFIER

RAMPOOGOGGA -30W0.01-6GHZ RAMP39G48GA-4W3948GHZ RAMPOIG22GA - BW 1-22GHZ

WWw. .com 1-888-976-8880
sales@rflamhda com  1.A72.787-5998

San Diego, CA, US

Plano, TX, US

Ottawz DVT, Canadil Treeeeer

30W 0.7-66HzZ

P RELUPA27G346B
15W 21-346HZ

RFLUPA32G38GB
8W 32-386GHZ
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ANALOG
DEVICES

LTC5596

40GHz PRODUCTS
www.linear.com/LTC5596
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THE CENTER FOR ALL
YOUR RF DESIGNS

RF SWITCHES RF AMPLIFIERS RF TRANSISTORS RF FILTERS .2
® SPnT * Gain Blocks ® GaN * Monoblock ="
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Has Amplifier Performance or
Delivery Stalled Your Program?
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0.8dB NF +45dBm IP3

AMPLIFIERS

1 MHz-2GHz

Learn more at:
https://goo.gl/vEyVV1
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Call for Austin, Texas MilSatComs
: Papers Sponsored by:
’ Deadline www.csmantech.org/
ROHDE&SCHWARZ

Authors are invited to submit
abstracts for presentation
on topics such as theory
and applications of the
measurement of antennas
and radar scattering, advances

in indoor and outdoor test NIVWeek

ranges and other antenna _ FUTURE
measurement topics. Poznan, Poland :
https://amta2018.org/ FAS I ER
http://mrw2018.org/

MAY 21-24, 2018, AUSTIN, TEXAS

Austin, Texas

5 2 2 www.ni.com/niweek

4
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Practical PCB Layout L

& Recent Radar and for SI/PI/EMC: What

((z Phased-Array an EE Needs to Know

o & Breakthroughs to Survive PCB 7V SPACE

; Sponsored by: Manufacturing \ /4 TECH EXSS)D&
Sponsored by: _
ROHDE &SCHWARZ PP rassive s inc. Pasadena, Calif.

www.spacetechexpo.com/

2018

Electronic Design Innovation

Conference & Exhibition

Where Inyh frequency meets high speed.
Call for Papers

Deadline
Call for Papers The EDI CON USA technical sessions are educational, providing
Deadline Authors are invited to submit oringal work | Practical information on how to address today's design challenges

covering subjects such as, High Speed using available materials, tools, products and techniques. Authors
Digital, Mixed-Signal & Optoelectronics, | are invited to submit original work on topics from technology areas
Analog, RF & Microwave, Device Physics, such as RF & Microwave Design, Mobile Front-End Design, loT, 5G,
Simulation and more. Radar & Defense, Signal Integrity and more.
https://beicts.org/ www.ediconusa.com/

FOR PETAILS, VISIT MAJOURMAL.COM/EVENTS
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S) Ducommun

RF Switching
Solutions from
DC-110 GHz

Trust in Ducommun RF
Products for all your high
frequency testing needs.

Ducommun offers a full

portfolio of coaxial switches
up to 46GHz and pin diodes
up to 110 GHz.

Coaxial Switches DC-46 GHz

« 2.4mm, 2.92mm, SMA, TNC, N

* Excellent RF performance

* Internal 50Q termination

* High power, vacuum, hot switch

RF Switch Matrix

* GUl interface

* USB/ RS-232/ Ethernet control
* No NRE charges

¢ Modular design

Bench Top Switches

* Configurable switching

* USB, ethernet control

* Graphic user interface (GUI)
* Low cost solutions

Space Grade Switches

« SPDT, transfer, multi-throw and
switch matrix configurations

¢ Over 30 years of space
heritage

Pin Diode Switches

« SPST to SP8T configurations

* Nano second (ns) level
switching

* 0.03 GHz to 110 GHz

* Reflective and absorptive

For additional information contact our
sales team at:
310-513-7256 or rfsales@ducommun.com

ComingEvents

AMTA 2018
May 2, 2018

2018 IEEE BCICTS
May 4, 2018

EDI CON USA 2018
May 31, 2018

Radio and Wireless Week 2019
July 24, 2018

mwjournal.com
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APRIL
ICMIM 2018

April 16-18, 2018 © Munich, Germany
https://icmim-ieee.org/

ExpoElectronica 2018
April 17-19, 2018 © Moscow, Russia
www.expoelectronica.ru

IWMF 2018
April 17-19, 2018 © Noordwijk, The Netherlands
www.iwmf2018.com

AUVSI Xponential 2018
April 30-May 3, 2018  Denver, Colo.
www.xponential.org/

"/ SPACE

€5 MANTECH 4 TECH EXPO
LISA

MAY

CS MANTECH 2018
May 7-10, 2018 e Austin, Texas
www.csmantech.org/

MILSATCOM Asia Pacific 2018
May 14-15, 2018 e Singapore
www.smi-online.co.uk/defence/asia/milsatcom-asia

Microwave and Radar Week 2018
May 14-17,2018 e Poznai, Poland
http://mrw2018.org/

NIWeek 2018
May 21-24,2018 e Austin, Texas
www.ni.com/niweek

Space Tech Expo USA 2018
May 22-24,2018 e Pasadena, Calif.
www.spacetechexpo.com/

&

Rl

f\ﬂlﬂfllr‘r“

Electronic AR
Warfare Europe (‘ﬁmfw%
2SO = SM i

LEKING IUSINTSS wish PSTORMATION

expo & conference

JUNE
EW Europe

June 5-7,2018 e Lausanee, Switzerland
WWW.eweurope.com

IEEE MTT-S IMS 2018
June 10-15, 2018 e Philadelphia, Pa.
https:/fims2018.org

Sensors Expo 2018
June 26-28,2018  San Jose, Calif.
WWW.SENsorsexpo.com

MILSATCOM USA 2018

June 27-28, 2018 e Arlington, Va.
www.smi-online.co.uk/defence/northamerica/
MilSatCom-USA

SEMICON"'"WEST ‘AJ.E!‘!F?;,-_. B

SMART STARTS HERE

JULY

SEMICON West 2018
July 10-12, 2018 e San Francisco, Calif.
www.semiconwest.org

IEEE Symposium on EMC+SIPI 2018
July 30-Aug. 3,2018 ® Long Beach, Calif.
www.emc2018usa.emcss.org

AUGUST

IEEE MTT-S NEMO 2018
August 8-10, 2018 © Reykjavik, Iceland
https://nemo-ieee.org/

IEEE RFIT 2018
August 15-17, 2018 e Melbourne, Australia
http:/rfit2018.org/

3 ; MOBILE

IEEE AUTOTESTCON 20| m
W.__._._,_ 4

SEPTEMBER

PBC West 2018
September 11-13,2018 e Santa Clara, Calif.
www.pcbwest.com/

MWGC Americas 2018
September 12-14,2018  Los Angeles, Calif.
WWW.mwcamericas.com

IEEE AUTOTESTCON
September 17-20, 2018 e National Harbor, Md.
www.autotestcon.com

EuMW 2018
September 23-28, 2018 e Madrid, Spain
www.eumweek.com

ﬂ =

| Eszcimnic Design Isavation
[| Ceatarance & Exhubitan
CerT—=rerr—m

OCTOBER

2018 IEEE BCICTS
October 14-17,2018 e San Diego, Calif.
https://bcicts.org/

EDI CON USA 2018
October 17-19, 2018 e Santa Clara, Calif.
www.ediconusa.com

MILCOM 2018
October 29-31,2017 © Los Angeles, Calif.

https:/events.afcea.org/MILCOM18/Public/enter.aspx
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RICHARDSON RFPD

]K! ; IN-STOCK AT
|

GORE.PHASEFLEX.
Microwave/RF Test
Assemblies

The new benchmark for
high-density interconnection
for RFand uW modular
applications, as well as
high-speed digital test.

R T Y

i

SRR

Braided jacket
Outer binder
Braided strength member

Authorized Distributor - Crush member

GORE Microwave/RF Assemblies

Inner jacket
= Inner braid
————— Electrical shield
ePTFE dielectric
- Center conductor

Gain value and performance — at a price you can afford

The new ON Cable Series offer a small, light and internally-ruggedized RF cable option. These GOREe PHASEFLEXe
Microwave/RF Test Assemblies offer consistent, repeatable measurements with stable electrical performance up
to 18/26.5/40/50 GHz and longer service life with durable construction that resists crushing, twisting and kinking.
Why would you pay more for other cables that offer less throughput and more downtime?

. 1k [a]
RI h I n RF P D LEARN MORE ABOUT ‘E = —|:Ii
%’ cha ds?n Arrow Company GORE’S NEW ON CABLES Hf L 3 ::

www.richardsonrfpd.com/Gore-ON E"'""-L!ir

Your Global Source for RF, Wireless, loT & Power Technologies
www.richairdscrirtpd.cony | 8CCNY27.6937 | 63C.282.5800



50 to 75 GHz, Full V-Band
Low MNoise Amplifier for
Short Haul and Test Set Ups

22 to 40 GHz, Broadband X2
26.5 to 40 GHz, Full Ka-Band A Passive Multiplier for Paint-to-Paint
81 to B6 GHz, Waveguide Orthomode Transducer for and Feint-to-Multipoint Radio
Bandpass Filter for Backhaul Radar and Instrumentation

26.5 to 40 GHz

Waveguide to Coax Panel Mount
Adapter for Test Set Ups and
Instrumentation

40 to 60 GHz, Full U-Band
Faraday Isolator for Test Set
Ups and Instrumentation

60 to 90 GHz, Amplitude
Detector for Communication
Systems and Test Set Ups

AG E EE“®E8 mADE IN USA

M H I I H m et r I n www.sagemillimeter.com | 3043 Kashiwa Street, Torrance, CA 90505
I I e 9 CI T. 424-757-0168 | F: 424-757-0188 | sales@sagemillimeter.com




VIEW PRICING, LEADTIME, AND INVENTORY

NEW SAGE WEBSITE

Abat - Cusiomes Service - Catalogs - Careers - Contact Us Login | Create an Accous

@SAGE

Millimeter, Inc.

DONT SEE IT? WE CAN STILL MAKE IT. JUST ASK US.

Inmu:ruum; +

Refie by
I WAVEGUIDE TO COAX ADAPTERS

WR-10 Waveguide to 1 mm (M) Coax
Adapter, End Launch
TME

Sign in for pricing

Aval

WOOUMIOOLS/NOD HIALINWITTINIDOVS MMM

Over 2,500 millimeterwave
components off-the-shelf,
in stock, and ready to ship
guaranteed in only 1-3 days.




CoOVER FEATURE

INVITED PAPER

Design of a Single Chip
Front-End Module for 28 GHz 5G

Stuart Glynn, Robert Smith, Liam Devlin, Andy Dearn and Graham Pearson

Plextek RFI Ltd., U.K.

ith the roll-out of

mmWave 5G ex-
pected to com-
mence soon, the

research and development activi-
ties of the industry’s key players are
now well advanced and reached the
point where custom components
have been specified, designed and
evaluated. An essential component
required to enable future mmWave
5G systems is the front-end module
(FEM) providing the final stages of
amplification in a transmitter and
the earliest stages of amplification
in a receiver together with a trans-
mit/receive (Tx/Rx) switch to allow
time division duplex (TDD) opera-
tion. The FEM must demonstrate
high linearity in transmit mode and
low noise figure in receive mode.
As mmWave 5G systems are likely
to require user terminals containing
multiple FEMs as part of a phased
array or switched antenna beam ar-
chitecture, they must also be highly
efficient, compact and low cost.
Ease of control and monitoring is
also highly desirable.

This article describes the de-
sign, realization and evaluation of
an FEM MMIC for the 28 GHz 5G
band (27.5 to 28.35 GHz) which sat-
isfies all of these requirements. The
part was developed by Plextek RFI
and designed on WIN Semiconduc-
tors’ PE-15 process which is a 4V,

22

0.15 pm, enhancement mode GaAs
PHEMT process. It is realised in a
compact, low-cost 5 mm x 5 mm
plastic overmolded SMT compati-
ble QFN package making it suitable
for high volume, low cost manufac-
ture. It covers 27 to 29 GHz and so
encompasses the full 28 GHz 5G
band.

DESIGN GOALS

The design of the FEM’s transmit
path focused on achieving high ef-
ficiency when operating at back-off
to provide linear amplification, as
will be required by 5G systems. A
target power added efficiency (PAE)
of 6 percent at back-off was speci-

PA Enable
Circuit

S

For reprints please contact the Publisher.

fied, with third-order intermodula-
tion (IMD3) levels below -35 dBc
(around 7 dB backed-off from the
1 dB compression point). The RF
output power at the 1 dB compres-
sion point (P1dB) was specified at
20 dBm. For the receive path, a
noise figure of below 4 dB (includ-
ing switch losses) was required with
very low current consumption—a
target of 15 mA maximum from the
+4 V supply was specified.

A block diagram depicting the
functionality of the FEM MMIC is
shown in Figure 1. The transmit
signal path runs from left to right in
the top half of the diagram; the in-
put is at the pin labelled “PA_RF;.”

Power
Detector

LNA
Enable Circuit
O O

A Fig. 1 Block diagram of FEM MMIC for 28 GHz 5G.
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The signal is amplified by a three-
stage PA and then routed to the an-
tenna via an RF power detector and
a single pole double throw (SPDT)
switch. The on-chip directional pow-
er detector allows monitoring of the
transmitted RF output power and
incorporates temperature compen-
sation. The compensated detector
output is given by the difference
between the voltages “V " and
“Vyer-" A fast switching enable cir-

A
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Sl g 0.65”x0.7” High-
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EEoOT t0 18 GHz
W Protects receiver
circuitry

Images shown at actual size.

cuit “PA Enable Circuit” is included
on-chip and is controlled by the
(active low) logic signal “PA_ON.”
This is used to rapidly power up and
power down the PA when switching
between Tx and Rx mode such that
it draws only 0.1 mA when not in
use, maximizing the overall system
efficiency.

The PA will typically operate

backed-off from compression to
preserve modulation fidelity of the
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transmitted signal. The design ap-
proach was to optimize the perfor-
mance of the PA when operating 7
dB back-off from P1dB. In order to
optimize PAE at this operating point
the PA was biased in deep class AB.

DESIGN TRADE-OFFS

The design was initiated by run-
ning device level simulations on
candidate unit cell transistors. This
work forms a solid foundation for
the subsequent detailed PA design
as it yields key information such as
device sizes, bias points, imped-
ance targets, required number of PA
stages and drive ratios.

A significant part of this work
was aimed at identifying how to
maximize PAE at back-off. Gener-
ally speaking, this is achieved by
reducing the device quiescent bias
current density. However, the extent
to which this approach can be ad-
opted is limited by the gain and lin-
earity, both of which degrade as the
current density is reduced. There is
a clear trade-off of PAE (at back-off)
with gain and linearity.

The main linearity metric of inter-
est was the IMD3 level at back-off
which had to be below -35 dBc. It was
found that the IMD3 performance at
reduced bias currents became par-
ticularly sensitive to the fundamen-
tal load condition, as illustrated in
Figure 2. Figure 2a shows load-pull
simulation results for an 8 x 50 um
device biased toward deep class AB
at 75 mA/mm at 4 V and highlights
the optimum load for PAE at P1dB. It
also shows the corresponding simu-
lated IMD3 performance at back-off
for this load and indicates that there
is about 4 dB margin on the specifica-
tion of -35 dBc. The simulated PAE at
the same back-off was about 15 per-
cent which is for the device only and
excludes any output losses. Figure
2b shows similar information for the
load condition that is best for power
at P1dB. The IMD3 performance at
the same relative back-off is consid-
erably worse, more than 5 dB outside
the specification, PAE at back-off was
similar at around 15.7 percent.

Other points on the Smith Chart
were also evaluated for perfor-
mance at P1dB and at back-off, but
the load condition, highlighted in
Figure 2a, was found to be the best
overall and was selected for the out-

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.
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Zload_at_mPdel_vs_PAE
65 +8.0

indep(m2) = 14.208
plot_vs(ThirdOrdIMD_I, Pload_dBm) = -39.245

indep(m2) = 15.398
plot_vs(ThirdOrdIMD_I, Pload_dBm) = -29.875

A Fig. 2 Load for optimum PAE at
P1dB and corresponding IMD3 at back-
off (a) and load for optimum power at
P1dB and corresponding IMD3 at back-
off (b).
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put stage design. This also offered
scope for further bias current reduc-
tion, into deep class AB, to trade
some IMD3 performance for PAE
performance while still maintaining
adequate gain. A bias current of
52 mA/mm was ultimately chosen
and an 8 x 50 pm device selected
as a suitable unit cell for the output
stage, allowing the power specifi-
cation to be met. It was also deter-
mined that three stages would be
required to meet the overall trans-
mit gain specification.

The design of the complete
three-stage PA progressed with se-
lection of the optimum transistor
sizes for the driver and pre-driver
stage. Again careful trade-offs were
considered; larger transistor sizes
improve the overall linearity but
reduce the PAE. With the size and
bias of all transistors selected the
detailed design of the matching
and biasing circuitry could proceed.
The layout was considered from an
early stage of the design process to
ensure a practical implementation
was possible without incurring unac-
ceptable parasitics. A common gate
bias line was used for stages one
and two (applied at pin PA_Vg))
and a separate bias line for stage
three (PA_V_3). This allowed the
possibility of separately optimizing
the two voltages for potential lin-
earity or PAE improvements to the
PA. The drain supplies were similarly
applied through two separate pins,
although these were connected on
the PCB; the +4 V drain supply is ap-
plied at “PA_V;," and "PA_Vg3."

The SPDT switch is a series-shunt
design incorporating multiple tran-
sistors in both the series and shunt
arms for improved linearity.! The
off-state capacitance of the transis-
tors limits the inherent isolation of
the off-state device at high frequen-
cies; at 28 GHz the switch transis-
tors will have an isolation of just a
few dB.2 Reducing the transistor
size to improve the inherent isola-
tion increases the on-state insertion
loss and degrades its linearity and
so was not an option. The approach
taken was to include on-chip induc-
tive compensation to improve the
off-state isolation. Care was taken
to ensure low insertion loss in the
on-state to enable a high output

ower from the transmit path and

a low noise figure from the receive
path. The switch is controlled by a
single bit, "V yq,” which is set to 4
V for Tx mode or 0 V for Rx mode.
Single bit control is facilitated by the
“SPDT Control Circuit,” which is es-
sentially a one to two line decoder.
The combined supply current drawn
by both the control circuit and the
SPDT itself is just T mA from the +4
V applied at “VD_SW."”

The input to the receive path
is at the “Antenna” pin which is
routed to the input of a two-stage
LNA by the SPDT. The output of the
receive path is at the pin labeled
"LNA_RF,,." As with the PA, the
LNA also has a fast switching enable
circuit such that the LNA draws as
little as 0.1 mA when not in use. A
key part of the LNA design process
was to produce a design which had
low current consumption but good
noise figure and adequate linearity.

Selection of appropriate transis-
tor sizes was an important first step.
Multiple short fingers were used to
reduce the gate resistance of the
transistors and improve the noise
figure. Series inductive feedback
was added to both stages to shift
the impedance required for opti-
mum noise figure closer to that re-
quired for a conjugate match and
optimum gain.

The first stage of the LNA was op-
timized for noise figure but still had to
produce enough gain to adequately
reduce the impact of the second
stage noise figure. The noise figure
of the second stage is not as criti-
cal, and this stage was designed with
higher gain than the first. The result-
ing LNA design requires just 10 mA of
DC supply current from its +4 V sup-
ply. The gate bias voltage is applied
at pin “LNA_V," and the +4 V drain
bias is appliegl at “"LNA_Vy." The
“LNA_V¢nee” piN is provided to allow
for bias current monitoring. Monitor-
ing the bias current allows control of
the gate voltage to compensate for
changes in environmental conditions,
for example a change in temperature.
When correctly biased this monitor-
ing pin is at 3.9 V. The use of an en-
hancement mode process meant that
only positive supply voltages were
required, making the MMIC very con-
venient for system integration.

Careful EM simulation was essen-
tial to ensure good RF performance
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from the various blocks. A step by
step approach was adopted add-
ing a part of the circuit to the EM
simulation at a time with the rest of
the block still simulated using Pro-
cess Design Kit (PDK) models. As
the IC was destined for packaging
in an overmoulded plastic package,
the presence of the moulding com-
pound on top of the IC also needed
to be accounted for in the EM simu-
lation.
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accounting for the effects of the
moulding compound, the RF transi-
tion from IC to PCB needed to be
carefully designed. A custom lead-
frame was designed to facilitate this
and the RF ports of the package are
all implemented as ground-signal-
ground interfaces.

Following fabrication, several of
the die were tested RFOW which
confirmed that the first pass design
had been successful prior to pack-
aging. The RFOW results are not
presented here but all measure-
ments were made on a packaged
assembled IC mounted on a repre-
sentative evaluation PCB.

The evaluation PCB was designed
using a low cost laminate PCB mate-
rial suitable for mass volume produc-
tion. Samples of the packaged FEMs
were assembled on to the evaluation
PCBs; all of the measured perfor-
mance is calibrated to the package
pins on the evaluation PCB and in-
clude the effects of the IC to PCB
transition. A TRL calibration tile was
designed to allow the calibration of
the measured performance to the
reference planes of the package. A
photograph of one of the evaluation
PCBs next to a TRL calibration PCB is
shown in Figure 4.

Evaluation results for the pack-
aged FEM MMIC mounted on the
PCB and referenced to the pack-
age’s RF pins. Throughout the
evaluation, a commercially available
multi-channel DAC and ADC IC was
used to control and monitor the
FEM. The FEM does not require any
negative voltages as it was designed
on an enhancement mode process.
A comparison of the measured to
simulated S-parameters of the Tx
path of a typical FEM are shown in
Figure 5. The measured data and
simulated results match reason-

ably well. In this mode, the LNA is
powered down, the SPDT control
bit "Vctr|1"

is toggled high and the
s E e

5 I o2

A Fig. 3 Die photograph of FEM MMIC
for 28 GHz 5G.
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PA biased to around 70 mA total
quiescent current from +4 V. Small
signal gain (Sy4) is 17.1 dB + 0.4 dB
from 27 to 29 GHz. The input return
loss (Sq4) is better than 18 dB across
the band. The output is matched
for best PAE at back-off rather than
best S,, but the measured S,, (not
shown) is 8 dB or better across the
band.

The output referred third-order
intercept point (OIP3) of the Tx path

was evaluated with a tone spac-
ing of 100 MHz to reflect the wide
channel bandwidths anticipated in
5G systems. Figure 6 is a plot of
the measured OIP3 of a typical FEM
with the wanted output tone pow-
ers ranging from 1 to 11 dBm per
tone. It can be seen that the OIP3
is around +28 dBm across the 5G
band and shows very little variation
with tone power over a 10 dB dy-
namic range. A plot comparing the

NuPower™ Broadband Power Amplifiers

Part Number Freq (MHz)  Gain (dB) PowerOut(W) Size (inches)

NW-PA-11B02A 100 - 2550 40 10 2.34x1.96x 0.62
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NW-PA-12A01A 1000 - 2500 40 4 3.00x 2.00 x 0.65
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Part Number Freq(MHz)  Gain (dB) PowerOut (W) Size (inches)
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NW-BA-C-20-RX01 4400 - 4900 43 20 5.50x4.50x0.71

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 0.75x 0.50

HILNA-V1 50- 1000 20 32 3.15x2.50x1.18

HILNA-G2V1 50- 1000 40 31 3.15x2.50x 1.18

HILNA-LS 1000 - 3000 50 33 2.50x1.75x0.75

HILNA-GPS 1200 - 1600 32 30 3.15x2.50x1.18

HILNA-CX 5000 - 10000 ) 21 1.77x1.52x0.45
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Middletown, OH

measured to simulated OIP3 versus
frequency is shown in Figure 7 and
demonstrates good agreement.

Although 5G systems will require
linear amplification to preserve
modulation fidelity, the output re-
ferred P1dB and PAE were also
measured to provide a figure of
merit for comparative purposes. The
measured performance is shown in
Figure 8 and shows a P1dB around
20.2 dBm, which rises to 21 dBm at
saturation. The PAE of the FEM Tx
path is around 20 percent, falling
slightly at the top of the band.

As mentioned above, the FEM is
designed for optimum performance
(OIP3 and PAE) when operated
at around 7 dB backed-off from
P1dB, specifically with the IMD3 at
a level of below -35 dBc relative to
the wanted products during a two-

A Fig. 4 Photograph of packaged FEM
evaluation PCB and TRL calibration PCB.

/, N\
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A Fig. 5 Measured to simulated small-
signal performance of the Tx path of the
FEM.

11 dBm
9 dBm
7 dBm
5 dBm
3 dBm
1dBm

A Fig. 6 FEM Tx OIP3 vs. frequency
vs. output tone power (100 MHz tone
spacing).
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tone test with 100 MHz tone spac-
ing. This operating point is close to
that envisaged in the 5G system for
which the FEM was designed.
Figure 9 shows a plot of the
measured and simulated PAE and
total RF output power when operat-
ing atan IMD3 point of -35 dBc. The
measured PAE is 6.5 percent, which
is good and largely due to the PA
being designed to operate in deep
class AB. The total RF output power

is around 13.5 dBm, which equates
to an OIP3 level of +28 dBm.

The on-chip Tx power detector
characteristic provides a DC volt-
age that allows monitoring of the
RF output power. The temperature
compensated detector output "V, ¢
Vyet" is plotted in mV on a logarith-
mic scale against output power in
dBm over a 15 dB dynamic range in
Figure 10. On this scale the charac-
teristic is linear making power moni-
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toring easier.

When the Rx path of the FEM is
selected the PA is powered down,
“Vegp " is set to 0 V and the LNA bi-
ased to around 10 mA from +4 V with
3.9 V observed on the “LNA _V,..."
pin. Figure 11 is a plot comparing
the measured and simulated gain
and noise figure (NF). The measured
small signal gain is around 13.5 dB
with a gain flatness of just +0.3 dB
across the band. The Rx path has
an excellent noise figure of typically
3.3 dB from 27 to 29 GHz with good
agreement between simulated and
measured performance.

The Rx path also demonstrates
impressive linearity for the modest
power consumption (just 40 mW:
10 mA at 4 V). Key parameters such
as P1dB and OIP3 are around 6.2
and 21 dBm, respectively, across
the band. Figure 12 is a plot of the

[ 1
Measured
Simulated

A Fig. 7 Comparison of measured and
simulated OIP3 vs. frequency.

P1dB_meas
PAE at P1dB_meas

—

A Fig. 8 Measured P1dB and PAE of
the Tx path vs. frequency.

Power at IMD3 = 35 dBc_meas
Power at IMD3 = 35 dBc_sim

PAE at IMD3 = 35 dBc_meas
PAE at IMD3 = 35 dBc_sim

A Fig. 9 Measured and simulated
Tx power and PAE operating at ~7 dB
backed-off.
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measured P1dB and OIP3 versus fre-
quency.

CONCLUSION

The FEM MMIC described here
will potentially play a key role in fu-
ture 28 GHz, 5G systems. The part
has been shown to address all the
requirements for integration into
mmWave phased-array or beam
switched terminals and offers ex-
cellent Tx linearity and efficiency
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together with outstanding Rx noise
figure. The key performance speci-
fications for both transmit and re-
ceive paths were met, ensuring that
the part is highly suitable for mm-
Wave 5G applications. The IC also
includes useful features such as a Tx
power detector, Tx and Rx enable
circuits, an SPDT decoder circuit
and Rx bias monitoring. Realized on
a state of the art 0.15 ym enhance-
ment mode GaAs PHEMT process
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the part is extremely easy to control
and monitor using widely available
multi-channel ADC and DAC [Cs.
In addition, the part is conveniently
housed in a compact and low cost
5 mm x 5 mm plastic overmolded
QFN SMT package .l
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A Fig. 10 FEM Tx on-chip power
detector measured characteristics at 28
GHz.
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A Fig. 11 Rx path measured and
simulated gain and NF.

A Fig. 12 Rx path measured P1dB and
OIP3.
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— Competiﬁva Pricing & Fast Delivery
: ¢ Military Reliability & Qualification

e Various Options: Temperature Compensation, 1S0 90012000 |

Input Limiter Protection, Detectors/TTL & More | and AS91008

e Unconditionally Stable (100% tested) —— _ SERING

OCTAVE BAND LOW NOISE AMP_I.IFIERS

Model No. re% 6Hz  Gain @) MIN  Noise Figure @)  Power-out@p1d8  3rd Order ICP VSWR

CA01-2110 2 1l ,0.7TY +10 MIN +20dBm  2.0:1

CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1

(A24-2111 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1

CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1

CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1

(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1

(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1

NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CAO01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1

CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1

CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1

(A23-3111 22-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1

(A23-3116 2.7-29 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1

(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1

CA56-3110 54-5.9 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1

CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1

CA910-3110 9.0-10.6 5 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1

(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1

CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1

(A34-6116 3N=I31E5: 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1

CA56-5114 59-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1

CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1

CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1

CA12137110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1

CA1415-7110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1

CA1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1

ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fre(i GHz)  Gain (@) MIN  Noise Flgu @)  Power-out@pid 3rd Order ICP VSWR

CA0102-3111 0.1-2.0 28 1. 2TV +10 MIN +20dBm  2.0:1

CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1 —
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1

CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1

CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1 —
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1

(A26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1 -
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1 =
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 Bm  2.0:1 —
(A2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1 —
(A2184110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1 =
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 Bm  2.0:1

LIMITING AMPLIFIERS

Model No. Freq Gtz  Input Dynamic Range  Output Power Range Psat  Power Flatness dB ~ VSWR -
(CLA24-4001 2.0-4.0 -28 to +10 dBm +7 fo +11 dBm +/- 2.0:1

(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-T5MAX 2,01

(LA712-5001  7.0-12.4  -21t0o+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1 =
(lA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1

AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (d8) MIN  Noise Figure (@)  Power-out@pid8 Gain Attenuation Range VSWR

CAQ01-2511A  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 2.0:1

CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1

CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1

CA612-4110A 6.0-12.0 24 25 MAX, T.5TYP  +12 MIN 15 dB MIN 1.9:1

CA1315-4110A  13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1

CA1518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20dB MIN  1.85:1

LOW FREQUENCY AMPLIFIERS

Model No. Fregi (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR

CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1

(A001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1

CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:]

CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1

(A002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1

CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]

(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact” requirements at the Catalog Pricing.
Visit our web site at www.ciaowireless.com for our complete product offering.
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LM’'s Unmanned Vehicle Software Can
Simultaneously Control Multiple UAVs

ockheed Martin (LM) software has been si-

multaneously flying, on average, at least six

unmanned aircrafts during every hour of the
last 25 years, completing missions as diverse as recon-
naisance, inspection, mapping and targeting. LM re-
cently launched VCSi, a new vehicle control software,
as the culmination of more than two decades of experi-
ence and 1.5 million hours of operational use.

“VCSi is a safe and reliable software platform that
can be adapted to any vehicle—from one you can hold
in your hand, to a 50,000-pound machine; from a ve-
hicle that flies for a few minutes to a vehicle that flies for
months at a time,” said John Molberg, business devel-
opment manager, LM CDL Systems. “The user can in-
tegrate as many vehicles as required to complete their
missions, including boats, quadcopters, fixed-wing
aircraft or even high-altitude pseudo satellites. Across
commercial or military missions, VCSi is adaptable to
the challenge and further extends the power of the hu-
man-machine team.”

VCSi's major enhancements include:

e Multi-Vehicle: Control interfaces to allow for true 1:n
control of dissimilar vehicles anywhere on Earth.

e Intuitive: Advanced fly-by-mouse interface to enable
easier training and reduce operator/analyst task loads.

* Affordable: Priced competitively with all unmanned
systems in mind, customers can buy essential mod-
ules for their mission set.

* Modular: Offers a robust plug-in architecture, which
allows for custom content to be added by the user or
selected from pre-existing modules.

¢ International: Commercial software, made in Canada
and free of export restrictions.

VCSi is designed around the NATO Standardization
Agreement known as STANAG 4586, which supports
unmanned vehicle interoperability. Customers can build
attachments or plug-ins beyond 4586 to customize the
VCSi software, which also supports multiple languages
and non-Latin scripts.

< )

A VCSi (Image courtesy of Lockheed Martin)

For More
Information
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Dawn of the Drone Age

mazon, Uber and a host of other compa-

nies are betting big on a future that includes

drone delivery services and flying fleets of
taxis. But first, the government needs to sort out new
flight rules, regulations and standards as well as mod-
ernize air traffic control systems to ensure friendly skies
for so many unmanned aircraft. Air-traffic authorities
must build the infrastructure for a crowded, low-level
airspace that is safe for those in the skies and on the
ground. That is a challenging task, especially when it
comes to urban areas.

Raytheon has a technology that can help bring on
the new drone economy—Iow-power radar (LPR). In-
stead of one, massive radar installation, it consists of
smaller, one-meter square active electronically scanned
array (AESA) software-defined radar units. A network of
such small radar units could cover and control the low-
altitude flights of smaller craft. “It could aid drone de-
livery services, flying cars and provide highly localized
information like ground fog or flash-flooding in remote
or urban locations; things that today’s radars can’t do,”
said Michael Dubois, Raytheon'’s LPR lead.

In a live flight-check demonstration for U.S. govern-
ment agencies, Raytheon recently showcased how its
LPR can support flights within 20 nautical miles. Air traf-
fic controllers used the radar, which measures a single
square meter and uses beam-scanning technology, to
guide the pilot to touchdown with surgical precision.

Raytheon is working with small business and aca-
demia on a vision: a distributed LPR network that will
create a merged, complete picture for multiple mis-
sions. Besides supporting safe landings, the network
could support aviation surveillance, precision weather
observations (including 3D wind information and urban
hydrology), small drone detection and tracking, border
security and surveillance, wildfire detection and eleva-
tion and geographic gapfills, providing coverage where
none now exists. Using LPR, Raytheon could offer radar
data as a service, offering data to pilots, companies,
the government, weather forecasters and others with
a need for low-level radar information. “This service
could be used by media outlets needing information
about structures and obstacles before flying a drone
over the scene of a news event to shoot footage, or by
UberAir to get wind information before dispatching a
flying taxi to pick up riders,” he said.

Dubois envisions a distributed network of LPRs ev-
ery 20 miles or so, mounted atop cell phone towers,
mountains and hilltops and tall buildings. Such a net-
work could monitor activity at very low altitudes. “It's
the economy of scale; instead of building several big
things, we'd manufacture thousands of little things. Ac-
tive phased array radar offers adaptive beam scanning,
can track 100x more targets and can also interleave

Visit mwjournal.com for more defense news.
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between different radar applications. With no moving
parts, LPRs are more reliable and easier to maintain
than conventional radar systems, giving them longer
lifetimes and lower life-cycle costs.

Raytheon has conducted a low-rate initial limited run
of LPRs for integration, test and demonstration. “We'd
be ready for deployment as early as 2020,” Dubois
said. “And it works; and it works very well.”

Northrop Grumman-Built G/ATOR
Approved for Early Fielding

he Northrop Grumman Corporation (NGC)
AN/TPS-80 Ground/Air Task-Oriented Radar
(G/ATOR) has been approved for early field-
ing by the U.S. Marine Corps. This milestone follows
the delivery of the final Lot 1 and Lot 2 Low Rate Initial
Production (LRIP) G/ATOR system to the Marines. The
Marines will field their first two systems by delivering
them to Marine Air Control Squadrons 1 and 2 for op-
erational use.
Early fielding, also known as Initial Operational Ca-
pability (I0C), is a significant milestone that indicates

that a system is ready for operational deployment. It
is achieved when production systems, spares, logistic
support items and documentation have been tested
and validated through a rigorous process. As the de-
veloper and system integrator, NGC has taken G/ATOR
from concept through to production.

NGC has delivered six G/ATOR systems with GaAs
technology to the Marines in Lots 1 and 2. Beginning
with Lot 3 deliveries and including all Full Rate Produc-
tion systems, G/ATOR will incorporate high-power, high
efficiency GaN antenna technology that can further en-
hance operational capabilities.

G/ATOR is designed to detect UAS, cruise missiles,
air breathing targets, rockets, artillery and mortars, re-
placing five legacy systems operated by the Marines.
It provides significant improvements in performance
when compared with the legacy radar families in each
of its modes. Software loads optimize the multi-mission
capabilities. When all modes are fully implemented,
an operator is able to switch modes at the press of a
button. The system has been designed to be light and
compact for deployment, and for rapid emplacement
by helicopter or vehicle. Its system architecture allows
it to interface directly with multiple types of command
and control systems on a plug-and-fight basis.
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CCS Supports UK Government's £5M 5G
Smart Tourism Testbed

successful bid by the West of England Com-

bined Authority consortium is utilising Cam-

bridge Communication Systems (CCS) Ltd.'s
60 GHz mmWave Metnet technology to provide su-
perfast wireless backhaul for the U.K. government’s £5
million 5G Smart Tourism testbed to be delivered in
Bath and Bristol.

The U.K. government’s Department of Digital, Cul-
ture, Media and Sports (DCMS) is investing in a world-
class 5G technology test network that will aim to put
the U.K. at the forefront of the next wave of mobile
technology—potentially adding up to £173 billion to
the U.K. economy by 2030.

The highly-skilled 5G Smart Tourism consortium
includes 5G network and service providers CCS, BT,
Zeetta, InterDigital and Bristol is Open. The cutting-
edge testbed will demonstrate self-provision of 5G
and Wi-Fi plus innovative mmWave backhaul capabili-
ties. The testbed will also address safety issues by pro-
viding emergency service capacity through network
slicing.

Delivering high capacity, ultra-low latency and ultra-
fast deployment, Metnet is optimised for performance
edge today while providing an upgrade path to much
higher multi-gigabit capacity, and is currently power-
ing networks to mmWave 5G performance in major
live deployments across the world. Metnet offers its
SON multipoint solution in the 24/26/28 GHz area
based licensed bands, plus its recently launched Met-
net 12 Gbps 60 GHz 3D SON™ mmWave access and
backhaul system in the unlicensed 60 GHz band, us-
ing Metnet SON for frequency agility and interference
management.

“We're really proud to be playing a pivotal role in
this ground-breaking 5G Smart Tourism project, and
to be working with our bid partners to pioneer a 5G
network that will put the U.K. at the forefront of next-
generation wireless technology,” said CCS CEO Steve
Greaves. "We'll be very excited to see the public re-
sponse to this world-first innovation, which marks a
key step towards U.K.’s first smart regions.”

Flemish Scientists Win DARPA Cash Prize

cientists from |IDLab, a core imec research

group embedded in the universities of

Ghent and Antwerp, are working on an

innovative system for wireless networks to enable

smooth communication even in crisis situations, for
which it was awarded $750,000 by the U.S. DARPA.

Colleagues Ingrid Moerman (UGent/imec) and Ste-

For More
Information

InternationalReport

Richard Mumford, International Editor

ven Latré (UAntwerp/imec) entered the DARPA Chal-
lenge with their IDLab research group. For the proj-
ect they also collaborate with scientists from Rutgers
University, U.S. For the project the researchers use a
“clean slate” approach, which enables them to ignore
the limitations of existing technologies and concen-
trate on developing their own communication system.

Moerman commented: “We decided to focus on ar-
tificial intelligence (Al). Things can go wrong nowadays
if the digital information sent out by different wireless
devices ‘collides’ because the devices are using the
same channel on the wireless spectrum. By teaching
wireless devices like smartphones to figure out what
other devices are doing and predict when they will use
which channels, we can avoid these collisions. That
way, it's no longer necessary to make wireless commu-
nication plans or agreements in advance—something
that's impossible in crisis situations anyway.”

While the researchers are mainly working on funda-
mental research at the moment, practical applications
are already twinkling on the horizon. “The Al-based
solutions should be ready for use in the short term,”
said Latré. “We are already working with Antwerp’s fire
department. For them, it would be a huge advantage
to be able to stream live images of fires to their com-
mand vehicles. And to get those images from the fire
site to the command vehicle, we need to build a new
wireless network. So that's what we're going to do.”

ESA Selects LimeSDR for App-Enabled
SATCOMS

ime Microsystems has announced a project

with the European Space Agency (ESA),

which will see its LimeSDR platforms used
to develop innovative satellite telecommunications
solutions based on software-defined radio (SDR), both
on the ground and in space.

ESA will become an official backer of the LimeSDR
Project and the company will make 200 LimeSDR Mini
units for developers wanting to create applications in
the field of SATCOM. The move forms part of ESAs
ARTES programme, and comes as part of the Space
Agency’s drive to speed up SATCOM developments,
ensuring that European and Canadian industry re-

mains competitive.
— Applications will be de-
= veloped by the LimeSDR

community, and shared
| via Lime-Canonical SDR
. App Store for SATCOM,
" which is being developed.
) Applications are antici-
pated to focus on satellite
connectivity and loT—for

Visit mwjournal.com for more international news.
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example, loT services via low-cost satellites such as
Cubesats; and also the use of SDR on-board larger sat-
ellites. In addition, new ideas coming from the ongo-
ing 5G efforts in moving toward an SDR-based open
architecture, enabling fully integrated heterogeneous
networks will also be prototyped in a satellite context.

"With modern SATCOM, many design challenges
are unique, requiring testing and experimentation to
reveal what does and does not work,” said ESA’'s Frank
Zeppenfeldt, working in the future systems group of
ESA's SATCOM department. “For this reason, fast pro-
totyping of promising technology concepts is abso-

|II

lutely essential.

£25M for 5G Projects

n the first anniversary of its Digital Strat-

egy, the U.K. government has announced

the winners of a £25 million competition to
pave the way for a future rollout of 5G technology. The
six projects led by small and medium-sized enterprises
(SME), universities and local authorities represent the
best of U.K. innovation, resources and expertise.

ET REZ

holzworth instrumentation

They will test 5G across a range of applications and
are part of a £1 billion commitment through the Digital
Strategy to keep Britain at the forefront of connectiv-
ity by accelerating the deployment of next generation
digital infrastructure and driving forward new 5G busi-
ness opportunities.

Each testbed will receive between £2 and £5 million
in government grants, as part of a total investment of
£41 million from private sector and other public sector
funding, to explore new 5G mobile communications
technologies that use high frequency spectrum to de-
liver internet speeds of over a Gbps.

Professor Rahim Tafazolli, founder and director of
5GIC and leader of 5GUK Networks said: “The 5GIC
is extremely pleased and proud to have been able
to play a leading part in supporting the DCMS U.K.
5G testbeds and trails programme. 5G represents a
fundamental transformation of the role that mobile
technology plays in society, delivering rich new ser-
vices in sectors such as finance, transport, retail and
health. It will drive trillions of dollars of additional
activity through the world digital economy and the
DCMS programme will ensure that the U.K. stays at
the forefront of this exciting global race.”
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lloT Platforms: A $16 Billion Opportunity

f Industrial Internet of Things (lloT) platform

providers hope to keep their offerings rel-

evant, they must work with suppliers of other
transformative technologies to provide the most valu-
able functions and components,” says Pierce Owen,
principal analyst at ABI Research. “For instance, AR
applications require business rule functions, digital
twin functionality, near real-time metrics, zero-touch on-
boarding and advanced analytics features.”

It seems that almost every company that has built a
piece of software for the IloT calls it a platform, and as
such, lloT platforms come in a variety of flavors. Per-
haps the “platforms” that most suit that word fill the
role of an application enablement platform (AEP). AEPs
extract data from devices and move it to applications
based at the edge or in the cloud. This platform might
have connectivity or device management tools. It might
also act as a data orchestration system and include an
app store or have app development capabilities where-
by users can create and access applications that gener-
ate insights from their data.

Siemens Mindsphere currently leads the pack of
AEPs largely due to Siemens’ domain knowledge as an
automation supplier, its M&A strategy, R&D budget and
its size. In addition, Siemens has a large installed base
of its own physical products to which it can connect
Mindsphere easily, a vast ecosystem in the manufactur-
ing sector, and its own manufacturing facilities where it
can perform internal proof-of-concepts. These advan-
tages empowered Siemens to add 2900 digital manu-
facturing customers in 2017, doubling its total from the
start of the year.

Other lloT platforms specialize in a specific piece
of application enablement or microservice such as fog
computing or processing raw sensor data. ABl Research
sees FogHorn Systems as a key innovator in real edge
computing and complex event processing (CEP) at the
edge. FogHorn faces the challenge of shifting from a
successful start-up with a few big deals to embedding
its software on millions of devices and assisting clients
with large-scale implementation.

Sensors for Robotic Vehicles Will Become
Industries of Their Own

n 2017 production of robotic vehicles was in
the range of a few hundred worldwide. To-
day, Yole Développement is expecting pro-
duction volumes to reach 3.1 million units annually, with
cumulative production of 10.5 million units, by 2032.
That market growth is in excess of 2500-fold, or 58 per-
cent CAGR for the next 15 years. Fifteen years from

For More
Information

CommercialMarket
Cliff Drubin, Associate Technical Editor | .

now, the yearly revenue associated with the production
of robotic vehicles will reach $300 billion; 52 percent of
that figure will originate from the vehicles themselves,
26 percent will come from sensing hardware, 17 percent
from computing hardware and the remaining 5 percent
will be from integration. “Within 15 years complete in-
dustries will be structured around robotic vehicle tech-
nologies,” asserts Pierre Cambou at Yole.

Looking closer to the present, in 2022, sensor rev-
enues are expected to reach $1.6 billion for LIiDAR, $44
million for radar, $0.6 billion for cameras, $0.9 billion for
IMUs and $0.1 billion for GNSS. The split between the
different sensor modalities may not stay the same for
the 15 years to come, nevertheless the total for sens-
ing hardware should reach $77 billion in 2032, while,
for comparative purposes, computing should be in the
range of $52 billion.

Today the car sales market accounts for $2.4 trillion
per year and is the natural target of internet giants like
Google, Baidu, Amazon and Uber. Such companies are
mostly attracted by transportation as a service (TaaS)
market. “Taa$S should reach the same value of $2.4 tril-
lion in 2032,"” according to Cambou. “With an addition-
al $1.1 trillion to be generated by sales of personally
owned autonomous driving (AD) vehicles, the added
value of AD is expected to reach a total of $3.5 tril-
lion.” Due to the numbers at stake, the stealth players
in everybody’s minds are Apple and Samsung, the latter
of which is not so stealthy, having bought Harman in
2017. As a consequence, their entry should take place
at some point in time, with a possible “mobile to smart-
phone style” transformation of the industry.

Within the robotic vehicle technology space, high-
end industrial sensors will play a key role. There are key
differences between automotive advanced driver as-
sisted systems (ADAS) technology and equipment that
will fit into early robotic vehicles. ADAS must focus on
reliability and cost issues serving a market with sales of
millions of units, while the technologies to serve the
robotic vehicle market will be mainly driven by perfor-
mance and availability and will serve a market of only

Robotic vehicle sensor volume and revenue forecast

wrce; Sensors for Robotic Vehicles 2018, Yole Développement, February 2018)

GNSS uq‘w._ SR
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tens of thousands units by 2022. The orders of magni-
tude are in fact totally different between the two worlds.
To generalize, high end industrial sensors will win in the
early robotic vehicle sensor suite.

The consequences for existing players and technolo-
gies will be huge; some high-end markets such as Li-
DARs or industrial grade IMUs will more than double in
the next few years. The impact will also be strongly felt
by industrial camera makers. Technologies are expect-
ed to specialize by 2022 and possibly merge partially
with ADAS by 2027. Technology-wise 2032 is expected
to be another world, with a complete paradigm shift.
The industry is facing deeply transformative changes
powered in part by sensing technologies.

Massive MIMO Comes of Age in 2021 on
the Back of 5G Rollout Momentum

assive MIMO antennas stand ready to deliv-
er on the promise of cost-effective delivery
of capacity density in LTE networks now and
set the stage for 5G networks to come. “The optimum
massive MIMO system will balance deployment chal-
lenges with the promise of increased sector capacity,
and improved radiated energy efficiency,” says Nick

Marshall, research director at ABI Research. “"We be-
lieve that the radio propagation characteristics in the
sub-6 GHz bands remain the most favorable for mas-
sive MIMO today for many scenarios and that future 5G
mmWave massive MIMO systems will become essential
for unprecedented levels of spectral efficiency and ca-
pacity density.”

In 2017, Softbank (Japan), T-Mobile Netherland and
Vodafone U.K. announced commercial deployments.
Also, major operators globally have started massive
MIMO trials or limited deployments in 2017 and are plan-
ning commercial deployments in 2018. Among these
operators are Sprint, Deutsche Telekom, China Mobile,
China Telecom, China Unicom, Singtel, T-Mobile Nether-
land, Vodafone Australia, Optus and Telefénica.

Growing from a small number today, massive MIMO
penetration for both LTE-Advanced Pro and 5G will reach
almost 5 percent of the worldwide MIMO antenna in-
stalled base by 2021. This is equivalent to nearly 500,000
installations, with the Asia Pacific being the largest re-
gion followed by Western Europe and North America.

The massive MIMO vendor ecosystem includes ma-
jor multi-national radio and antenna vendors such as
CommScope, Ericsson, Huawei, Kathrein, Nokia and
ZTE. It also comprises innovative start-up compa-
nies such as Anokiwave, Blue Danube and Pivotal
Commware.

COST-EFFECTIVE
HERMETIC MICRO D CONNECTORS
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or let us design to your custom requirements
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»& Aroundthe Circuit
.. Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

Cree Inc. has acquired assets of Infineon Technologies
AG RF Power Business for approximately €345 million.
The transaction expands the Cree Wolfspeed business
unit's wireless market opportunity. Infineon continues to
drive key growth areas such as electro-mobility, autono-
mous driving, renewables and technologies for a con-
nected world. Infineon and Cree have a long-standing
history of technology leadership, collaboration and
shared business interests. The acquired Infineon RF
Power team and capabilities will complement Wolf-
speed’s existing offerings and expertise with additional
technology, design, packaging, manufacturing and cus-
tomer support.

Microchip Technology Inc. and Microsemi Corp. an-
nounced that the two companies have signed a defini-
tive agreement pursuant to which Microchip will acquire
Microsemi for $68.78 per share in cash. The acquisition
price represents a total equity value of about $8.35 bil-
lion, and a total enterprise value of about $10.15 billion,
after accounting for Microsemi’s cash and investments,
net of debt, on its balance sheet at December 31, 2017.
Following the closing, the transaction is expected to be
immediately accretive to Microchip’s non-GAAP earnings
per share. Based on currently available information, Mi-
crochip anticipates achieving an estimated $300 million in
synergies in the third year after close of transaction.

TMD Technologies Ltd. has announced the acquisition
of G2 Engineering Ltd., a small, specialist hi-tech mi-
crowave design and manufacturing company currently
based in Greenford, West London. Established over 18
years ago, G2 Engineering is engaged in the design
and manufacture of a range of radar transponders and
support equipment for applications that include UAVs,
missiles and manned aircraft. Prominent existing cus-
tomers of G2 Engineering include MBDA and QinetiQ.

COLLABORATIONS

HUBER+SUHNER signed a strategic cooperation and
board-to-board connectivity collaboration agreement
with Huada Technology Co. Ltd. Thilo Koeppe, man-
aging director of HUBER+SUHNER NAS; Sales Director
James Huang; Sun Weilong, general manager of Xijing
company; Wang Zhiyin, chairman of Huada, as well as
General Manager Fan Junwei all attended the sign-
ing ceremony at the Huada premises in X'ian. As the
world’s leading RF interconnect product manufacturer,
HUBER+SUHNER has a strong technical and product
knowledge in coaxial connectors, RF and microwave
cables, E-/V-Band antennas, RF microwave devices etc.,
while Huada is a core national enterprise for the devel-
opment and production of RF coaxial connectors and
the formulation of national standards.

For More
Information

Rohde & Schwarz and CommSolid have successfully
completed the verification of 3GPP Release 14 loca-
tion services (LCS), which is one of the new position-
ing technologies for Narrowband-loT (NB-loT). The
Cat-NB2 verification was performed with CommSolid’s
NB-loT modem solution against the R&S CMW500 mo-
bile communication tester. The R&S Location Based
Services (LBS) solution based on R&S CMWcards GUI,
a subset of TS-LBS, allows the verification of chipsets
and mobile devices for mobile manufacturers, chipset
manufacturers, test houses and network operators with
the target to get permission to operate them in a par-
ticular network.

Anritsu Corp. announces its new 5G test platform to
help support test development for Qualcomm Tech-
nologies Inc., a subsidiary of Qualcomm Inc., on 5G
chipsets. Anritsu is working with Qualcomm to support
test development for devices such as baseband chips.
Anritsu's test platform for 5G, the next generation com-
munication system beyond 4G LTE, is designed to sup-
port Qualcomm in its effort to commercialize next gen-
eration 5G NR technologies. By offering measurement
solutions supporting early deployment of 5G services,
Anritsu will play a key role in the transition from 4G LTE
to 5G systems.

Antenna Systems Solutions S.L. (Celestia Technolo-
gies Group) announced it has been selected to supply
a new customer, Tubitak BILGEM, Turkey, with a near
field measurement system as part of the ATAM Project.
The range will allow the customer to perform planar
and cylindrical measurements on a scanner measuring
2 m x 9 m. ASYSOL will be working in consortium with
partners Emerson & Cumming Anechoic Chambers
(E&C) and Albatross Projects. E&C will supply the an-
echoic materials and Albatross Projects the RF shielding
for the structure.

Gryphon Sensors announced a partnership with
WhiteFox Defense Technologies, a proven drone ana-
lytics and mitigation provider. Under this partnership,
Gryphon Sensors is integrating WhiteFox's non-jam-
ming, non-kinetic mitigation and analysis capabilities
with its Skylight system. The resulting RF-based sensor-
driven system provides an industry leading unclassified
and exportable counter-UAS system. Gryphon Sensors’
Skylight employs a suite of radar and multispectral sen-
sors that provide a comprehensive, real-time, 3D, low-
altitude airspace picture, with superior accuracy and
long-range detection performance on small UAS.

Nokia and Telefénica Germany have signed a Memo-
randum of Understanding (MoU) for the development
of a joint 5G Innovation Cluster. They will test network
solutions and technologies on the path to 5G in Tele-
fénica’s lab in Munich, Germany. This will be followed
by trials in the operator’s live network, currently planned
with priority in Berlin with the objective of building a
benchmark network with 4.5G, 4.9G and 5G technol-

For up-to-date news briefs, visit mwjournal.com
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ogy, providing the best user experience to Telefénica’s
customers. Nokia's 4.5G, 4.9G technologies deliver ad-
vances such as increased speed, capacity and improved
latency, providing a clear path to 5G.

Airgain Inc. and the McLaren Technology Group have
signed a multi-year partnership that will build on the
reputation of both companies in leading-edge, high
performance technologies. Airgain has a crucial role
to play in the connected vehicle market by provid-
ing antenna technology to support advanced wireless
connectivity solutions for in-vehicle, vehicle-to-vehicle
(V2V) and vehicle-to-infrastructure (V2I) applications. It
has a portfolio of connectivity solutions and a wealth of
experience in developing antenna applications for gov-
ernment, public safety and enterprise applications. Air-
gain’s partnership with McLaren extends to the broader
business, including McLaren Applied Technologies, as
the two organizations explore the co-creation of wire-
less connectivity solutions.

CEVA has announced that it is supporting Nokia in the
development of its ReefShark baseband system-on-
chips (SoC), set to be deployed for 4.9G and 5G wire-
less infrastructure applications. Under the agreement,
CEVA has adapted its widely-deployed CEVA-XC ar-
chitecture framework to address the massive increase
in signal processing complexity in multi-RAT (Radio
Access Technology) network architectures. Nokia Reef-
Shark is based on the 3GPP 5G NR specifications, which
help offset deployment costs and TCO, while fulfilling
architecture-driven network requirements. ReefShark
reduces the size, cost and energy consumption at each
cell site, while simultaneously boosting the intelligence
and performance of massive MIMO antennas.

NEW STARTS

Ericsson announced plans to create a series of new in-
novation hubs serving Middle East and Africa markets
following the same global concept of Ericsson Garage.
This is an open innovation platform, inspired by lean
startup methodology. Ericsson Garage in Kista, Sweden
is where it all started, however ground-breaking ideas
need a space to flourish in every corner of the planet to
benefit humanity as a whole, that is why Ericsson start-
ed opening several affiliates across the globe in differ-
ent locations including Budapest, Aachen, Paris, Silicon
Valley, Gothenburg, Croatia, Montreal, Ottawa, Lund,
Linkoping, Poland and Beijing. In order to continue the
global expansion plans, new Ericsson Garage sites will
be created in the Middle East and Africa.

AT&T, China Mobile, Deutsche Telekom, NTT DOCO-
MO and Orange have jointly announced the creation of
the Open Radio Access Network (ORAN) Alliance. This
is a worldwide, carrier-led effort to drive new levels of
openness in the radio access network of next genera-
tion wireless systems. ORAN will combine and extend
the efforts of the C-RAN Alliance and the xRAN Forum
into a single operator led effort. As mobile traffic in-

creases, mobile networks and the equipment that runs
them must become more energy efficient (green), soft-
ware-driven (soft), virtualized, flexible and intelligent.
The ORAN Alliance is committed to evolving radio ac-
cess networks—making them more open and smarter
than previous generations.

Michael Maslana, CEQO, announced the launch of RFE.
RFE is the current generation of its founding company
Spinnaker Microwave. Dating back to 1991, its repu-
tation was earned in the design and manufacture of a
broad and diverse offering of voltage-controlled oscil-
lators (VCO), which it continues to support to this day.
Joining Maslana to lead RFE is industry veteran Mike
England as president and CTO.

ACHIEVEMENTS

The Northrop Grumman Corp. AN/TPS-80 Ground/
Air Task-Oriented Radar has been approved for early
fielding by the U.S. Marine Corps. This milestone fol-
lows the delivery of the final Lot 1 and Lot 2 Low Rate
Initial Production (LRIP) G/ATOR system to the Marines.
The Marines will field their first two systems by deliv-
ering them to Marine Air Control Squadrons 1 and 2
for operational use. Early fielding, also known as Initial
Operational Capability (IOC), is a significant milestone
that indicates that a system is ready for operational de-
ployment.

Exceed Microwave announced that it has passed the
Rev D upgrade audit for AS9100. Exceed Microwave,
based in Torrance Calif., is an ITAR Registered, custom,
high performance passive microwave component de-
sign company, focusing on designs up to 67 GHz for
commercial, defense and space applications.

Fractal Antenna Systems has been awarded a patent
for its flat lens technology. The new lens technology is a
spinoff application of the firm’s invisibility cloak research
from over a decade ago. They demonstrated cloak-
ing at numerous technical conferences, and, in 2012,
with microwaves, cloaked a person—the realization of
the mythical invisible man. In the flat lens technology,
fractal metamaterials are configured as magnifiers and
wave guides, producing super-thin flat lenses, bendable
conformal lenses and even edge-oriented lenses, with
broad bandwidths. Conventional optics uses shaped,
rigid, thick media, such as glass, with much larger form
factors and weight.

Harris C4i Pty. Ltd., an Australia-based operation of
Harris Corp., has been recognized among the most
successful and innovative export operations in the State
of Victoria. The business received the prestigious Vic-
torian Export Award for Innovation Excellence during
the 2017 Governor of Victoria Export Awards (GOVEA)
held in Melbourne and hosted by the Honourable
Linda Dessau AC, Governor of Victoria. Harris C4i is a
global leader in IP and data distribution service-based
secure voice communications for mission-critical envi-
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AD255C™ 2.55 | 0.0014 | Low PIM, Cost Effective Solution

AD300C™ 2.97 | 0.0020 | Low PIM, Cost Effective Solution

RO4730G3™ 3.00 | 0.0029 | Low PIM Advanced Connectivity Solutions
B High Thermal Conductivity
RO4533 3.30 | 0.0025 For High Power Handling USA - AZ, tel. +1 480-961-1382

EUROPE - BELGIUM, tel. +32 9 235 3611

Notes: Dk and Df are both measured at 10 GHz. .
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ronments. The organization’s interoperable communi-
cations solutions are used in more than 35 countries by
a wide range of industries—including aviation, defence,
public safety, utilities and transport.

Akash Systems, a company focused on resolving the ex-
plosive growth of data consumption by enabling smarter
and lighter satellite systems has raised $3.1 million to
close its seed funding round. Led by Khosla Ventures, the
seed round also included Social Capital, Data Collective,
Ruvento Ventures, Sriram Krishnan and Backstage Capi-
tal. The funding will allow Akash to further its mission of
reimagining tomorrow's communication systems by de-
veloping the next generation of small satellites and the
components that power them. Today's worldwide data
demand is outpacing the bandwidth and power capabili-
ties of our current communication infrastructure.

CONTRACTS

With the growing threat of weapons of mass destruction,
it has never been more important for the U.S. military to
possess sufficient means to prevent and respond to this
threat. The mission of the Joint Program Executive Office
for Chemical Biological Defense (JPEO CBD) is to protect
the nation’s armed forces from weapons of mass destruc-
tion by equipping them with the latest chemical, biologi-
cal, radiological and nuclear and high-yield explosives
(CBRNE) defense equipment and capabilities. To sup-
port this mission, the Department of Defense (DoD) has
awarded Booz Allen Hamilton a spot on the $8.27 billion
Joint Enterprise Research Development, Acquisition and
Procurement (JE RDAP) IDIQ contract to strengthen the
nation’s CBRNE defense systems and capabilities.

The U.S. Navy proposed spending $299 million in fiscal
year 2019 on laser systems to protect ships against current
and anticipated future threats, as part of a rapid prototyp-
ing, experimentation and demonstration initiative, USNI
News reports. For nearly a decade, the Navy has consid-
ered laser weapons technology a more cost-efficient and
effective tool to protect ships from emerging threats such
as unmanned aerial vehicles (UAV) and small patrol craft
that could swarm a surface ship, according to a Congres-
sional Research Service report, “Navy Lasers, Railgun and
Hypervelocity Projectile: Background and Issues for Con-
gress.” The Navy wants to move development of lasers
a step closer to deployment, according to budget docu-
ments released by the Navy earlier this month.

Comtech Telecommunications Corp. announced that
during its second quarter of fiscal 2018, its Command
& Control Technologies group, which is part of Com-
tech’s Government Solutions segment, has received
a three year contract award valued at approximately
$123.6 million to provide ongoing sustainment services
for the AN/TSC-198A SNAP (Secret Internet Protocol
Router (SIPR) and Non-classified Internet Protocol Rout-
er (NIPR) Access Point), Very Small Aperture Terminals
(VSAT). SNAP terminals provide quick and mobile satel-
lite communications capability to personnel in the field
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Aroundthe Circuit

and Comtech will be the sole provider of these sustain-
ment services.

Raytheon Co. has been awarded a $73 million FAA
contract modification to perform Technical Refresh 1 of
the Standard Terminal Automation Replacement Sys-
tem (STARS). This update will enable future Terminal
NextGen air traffic control tools to be incorporated into
STARS and further enhance the safety and efficiency of
the National Airspace System. STARS is the automated
air traffic control system operated by both the FAA and
DoD to manage airspace in both large, complex termi-
nal areas, such as New York, and in small, but security-
sensitive airspace. STARS simplifies the implementation
of next-gen enhancements that will improve air traffic
flow and separation in the NAS.

The U.S. Army has awarded Ceradyne Inc., a 3M com-
pany, an additional $34 million to continue supplying
its ballistic helmet of the future. The Integrated Head
Protection System (IHPS)—which Popular Mechanics
described as “straight out of science fiction”—uses ad-
vanced materials, an ultramodern design and add-on ac-
cessories to give soldiers greater comfort and advanced
protection for modern missions. This brings Ceradyne’s
total IHPS contract value to more than $52 million. The
U.S. Army created the highly technical IHPS to give sol-
diers a lighter-weight ballistic helmet with passive hear-
ing protection and increased blunt-impact performance.

U.S. military researchers are turning to sensor data ana-
lysts at Two Six Labs LLC in Arlington, Va., to capitalize
on loT technology to help prevent terrorists from placing
and detonating atomic bombs in or around the nation'’s
large metropolitan areas. Officials of the U.S. Defense
Advanced Research Projects Agency (DARPA) in Ar-
lington, Va., announced a $13.2 million contract to Two
Six Labs for the SIGMA project. The company will help
DARPA apply loT technologies to potential networks of
thousands of low-cost radiation sensors linked through-
out U.S. cities by Wi-Fi and cellular phone systems to a
cloud-based network backbone.

PAR Technology Corp. announces that its subsidiary,
PAR Government Systems Corp., was awarded a $4.5
million research and development contract from the U.S.
Air Force called "“Synchronized Command and Control
Multi-Domain Test and Integration (SC2MDTI).” SC2MDTI
is a three-year program with the Air Force Research Labo-
ratory (AFRL) Information Directorate, under which, PAR
Government will perform research and development of
state-of-the-art solutions for Command, Control, Com-
munications and Computer, Intelligence, Surveillance and
Reconnaissance (C4ISR) systems across the cyber, air and
space domains. PAR will integrate and experiment with
next generation computing and network architectures.

Mercury Systems Inc. announced it received a $3.8
million follow-on order from a leading defense prime
contractor for state-of-the-art RF subsystems that are
integrated into an advanced airborne electronic war-

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.

54

For reprints please contact the Publisher.

MWJOURNAL.COM m APRIL 2018



s
77 win

SEMICONDUCTORS

Compound Semiconductor Solutions from RF to Lightwave™

Advanced Integration with High Performance

for Optical Applications

PE15 - The Most Advanced GaAs pHEMT Technology
Available on 150mm Substrates...Versatile 0.15pm
E-Mode pHEMT, Moisture Rugged, Integrated E/D
Logic, Monolithic ESD Diodes and Direct RF Transitions

10.15um E-Mode RF FET, f=115GHz

| 4V operation, moisture rugged

| Low-K dielectric crossovers

10.5pum E/D logic transistors

I Monolithic PN diodes for ESD protection

| Hot via option

With technology that stretches from low frequencies to lightwave and capabilities that span from
design support to packaging and RF test solutions, you’'ll see why partnering with us is a win-win.

WIN...Because not everyone can do this.

North America: ieliashevich@use.winfoundry.com winfoundry.com/contactus
Europe: harryq@use.winfoundry.com info@winfoundry.com




FEATURED

;)

The information you need, from industry experts

KEYSIGHT

TECHNOLOGIES

Your Guide to Technology Refresh Choices:
How to Balance Evolving Technology and Cost

ROHDE&SCHWARZ

Introduction into Theory of Direction Finding

Qorvo

Is Your Handset RF Ready for 5G?

KEYSIGHT

TECHNOLOGIES

Session Papers & Videos: DesignCon 2016
Keysight Education Forum Sessions

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

Frequency Matters.

Aroundthe Circuit

fare (EW) system. The orders were booked in the com-
pany’s fiscal 2018 second quarter and are expected to
be shipped over the next several quarters. Mercury’s
comprehensive portfolio of commercial RF and micro-
wave solutions include high performance components,
integrated multi-function modules and pre-integrated
subsystems ruggedized for the harsh operating envi-
ronments typically encountered by military forces.

PEOPLE

RFMW Ltd. announced that Kevin Mc-
Cormack has joined their organization
as the RF/Microwave & Coaxial Com-
ponent Business Unit Manager. McCor-
mack has served in senior level posi-
tions in product and sales with over 35
years' experience in the RF/microwave
industry. His experience includes hold-
ing roles such as vice president of RF Interconnect and RF
Passive Products and vice president sales within RF/mi-
crowave distribution companies. Most recently, McCor-
mack was with BJG Electronics Inc. as general manager of
their RF/microwave division. McCormack brings his tech-
nical and managerial skills to his new position where he is
tasked with growing RFMW's worldwide RF Interconnect
and Coaxial Component Business Unit.

A Kevin McCormack

REP APPOINTMENTS

Modelithics Inc. and GBIT announced a new partner-
ship to establish GBIT Testing Technology Co. in Shen-
zhen, China as the regional sales representative for
Modelithics’ high frequency simulation model libraries
and precision RF, microwave and mmWave measure-
ment services. GBIT is a leader in the field of semi-
conductor and microwave testing in China, providing
representation for multiple major companies in the RF
and microwave industry and supporting customers from
Chinese businesses, research institutes, universities and
factories. The Modelithics COMPLETE Library of excep-
tional RF and microwave simulation models, including
advanced scalable Microwave Global Models™, cur-
rently represents over 15,000 commercially available
electronic components from over 65 popular vendors.

Richardson RFPD announced that it has entered an
agreement with Wall Industries Inc. to distribute Wall
Industries’ full line of DC/DC converters, AC/DC power
supplies and custom solutions to customers worldwide.
Wall Industries has designed and manufactured pow-
er products since 1961. Its DC/DC power converters
range from 0.5 to 1008 W and include encapsulated,
PC board mount, surface mount, chassis mount, air-
ventilated enclosed and open frame types. Its line of
AC/DC power supplies are available from 1 to 3006 W
and includes open frame, air-ventilated enclosed, U-
chassis, encapsulated, DIN rail, enclosed with fan, wall
mount and desktop types.

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.

56

For reprints please contact the Publisher.

MWJOURNAL.COM m APRIL 2018



Largest In-Stock Selection of

Waveguide
Components

All Available for
: Same-Day Shipping

utions
- From RF Engineers

Pasternack’s RF Engineering team has assembled the largest selection of in-stock and ready to ship waveguide
components covering RE microwave and millimeter-wave bands up to 110 GHz. With 20 different waveguide categories
and over 500 designs including adapters, power amplifiers, detectors, bandpass filters, PIN diode switches, attenuators,
horn antennas and more, Pasternack has the waveguide components you are looking for. Whether it's waveguide
products or any of the other 40,000 in-stock components we carry, our Application Engineers stand ready to deliver
solutions for all your RF project needs.

866.727.8376 @ PASTERNACK

visit pasternack.com today! THE ENGINEER'S RF SOURCE




TechnicalFeature )
INVITED

PAPER

Ultra-Low Phase Noise
Oscillators with Attosecond Jitter

Andreas Gronefeld

Ingenieurbiiro Gronefeld, Germany

Two designs of ultra-low noise dielectric-resonator oscillators (DRO) for 2.856 GHz' and 3.9
GHz2 with sub-femtosecond jitter (shown in Figure 1) are reviewed. This work was motivated
by contracts with research institutions Deutsches Elektronen-Synchrotron,? Hamburg, Germany
and Pohang Accelerator Laboratories,* Pohang, Korea that require this level of performance
for optimum operation of their X-ray Free Electron Laser (X-FEL) installations. However, other
applications like the microwave synthesizers found in Caesium-Fountain atomic clocks or high
performance radars also may benefit from ultra-low noise signal sources of this kind. And the
design methodology presented can, in principle, be transferred to any frequency in the

1to 20 GHz range.

-FELs are still a rare breed of re-

search facilities, with just four

installations worldwide that are

capable of generating extremely
intense (GWatts), ultra-short (20 to 50 fs)
flashes of coherent radiation, reaching
down to and below 0.1 nm wavelength (see
Figure 2). These short-wavelength (“hard”)
X-rays are in high demand by researchers
for imagery at the molecular, atomic and
even subatomic level.>¢ Even more unique,
the ultra-short flashes allow sampling of the
dynamics of atomic bonds or chemical re-
actions to generate video-like sequences
of those picosecond processes’8 at the
atomic level.

X-FELs work by accelerating bunches of
electrons to extremely high energies (10 to
20 GeV) and converting a small amount to
coherent X-rays of a very narrow spectral
range. The “lasing” action takes place in a
long chain (> 100 m) of alternating polarity
magnets, called “undulators,”? and requires
the accelerated electrons to have a very
small energy spread (see Figure 3).

The acceleration process makes use of a
microwave signal (mostly 2.856 or 1.3/3.9
GHz), distributed throughout the installation
and amplified in many substations to tens of
megawatts of pulse power. Each high-power
amplifier drives a group of cavity resonators,
(forming a long chain of up to 1700 m), with
their extremely large electromagnetic fields
propelling the electrons forward. For opti-
mum energy transfer, the phase relationship
of the microwave signal must be precisely
matched to the locus of the electron bunch.
Phase stability to 0.01° (10 fs at 3 GHz) is
needed for optimum acceleration with mini-
mal energy spread and the ability to com-
press the electron bunch down to femtosec-
ond duration and maintain it.

The targeted phase stability requires ex-

A Fig. 1 2.856 GHz PL-DRO (a) and 3.9 GHz DRO (b). tremely stable signal sources, containing jit-
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A Fig. 2 Aerial view of the PAL X-FEL at Pohang, Korea
(courtesy PAL4).

ter ideally to just a few femtoseconds. But how does
this relate to phase noise, the quantity usually used to
describe the short term stability of a signal source?

JITTER VERSUS PHASE NOISE

While the phase noise spectral density function L(f,)
completely describes the short term stability of a signal
source, phase jitter, the measure of the output wave-
form zero-crossing’s time deviation, is computed by in-
tegrating L(f,,) over a certain offset frequency range, im-
plying that jitter numbers must always be accompanied
by that integration range and can only be compared
when the integration ranges match.

1 f,
J o, 2J¢ L(f,)df )

Computing jitter with Equation 1 neglects all con-
tributions of the phase noise spectrum below f; and
above f, and is well justified, if f; and f, are chosen in a
meaningful way for a given system. Typically a system
has a “maximum observation time,” defining f; (slower
phase changes do not alter the system’s output) and a

-, y
Custom™=
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A Fig. 3 Simplified X-FEL block diagram.

“maximum processing bandwidth,” that sets f, (faster
phase changes are not processed by the system).

In FELs, the processing bandwidth ranges from
10 to 30 MHz, with 100 MHz on the horizon, giving a
first hint at what to look for in designing a low jitter sig-
nal source, as the higher f,, the more important a low
oscillator noise floor becomes.

With the lower bound f; typically specified as 1 Hz,
to ensure pulse to pulse stability and keep low frequen-
cy noise from intertering with drift countering measures,
signal sources for FELs are always a combination of a
microwave oscillator that defines phase noise from 1 to
10 kHz to f,, phase locked to quartz crystal oscillators,
determining phase noise from 1 Hz to 1 to 10 kHz. For
the oscillators discussed here, jitter numbers integrat-
ing phase noise over 1 kHz to 30 MHz or 10 kHz to
30 MHz are relevant.

ULTRA-LOW PHASE NOISE OSCILLATOR DESIGN

There are only a few elements needed to build an os-
cillator: a (lossy) resonator to set the frequency, an am-
plifier to compensate the resonator’s losses and both
arranged in a feed back loop.

Oscillator Topologies

The first decision in designing an oscillator involves
how the amplifier and resonator are coupled in a feed-
back arrangement. Most oscillators use the “reflection”

@ 4.753 GHZ /-0.47dB
© 4.775 GHz / -0.43dB

4.74 4.78 478 4.8
Frequency {GHz}

-
Made in USA
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Resonator Amplifier
(lossy) (noisy)
Pr — Pa
C
q— J_ R _’_ —_—
et

A Fig. 4 Reflection oscillator topology.

Resonator r
(Lossy)

S

A Fig. 5 Transmission oscillator
topology.

Amplifier
(Noisy)

_>

—> Pa

type topology shown in Figure 4
(negative resistance oscillator9).
Note the possibility of either taking
the oscillator's output power (Po)
from the amplifier (Pa) or coupling
to the resonator (Pr). This topology,
albeit simple, has the drawback that
a number of important parameters
like resonator loading, output pow-
er and amplifier compression are
tightly coupled and hard to control
separately.

B I

I—)Po

A Fig. 6 Optimum transmission
oscillator topology.

For narrowband sources, the to-
pology of a transmission type oscil-
lator, shown in Figure 5, gives much
better control of the critical param-
eters, is widely used!-13 and cho-
sen here. Again, the designer has
the choice to take the output power
from the amplifier (Pa), maximizing
Po, or from the resonator (Pr). The
latter reuses this element as a filter
to suppress the amplifier's broad-
band noise outside the resonator’s
passband,’214 outweighing the loss
of signal power that is easily com-
pensated by a following buffer am-
plifier. Using this topology (see Fig-
ure 6) is key to achieving low noise
floors of -180 dBc/Hz (see trace 6 in
Figure 7).

Oscillator Optimization for Low
Noise

For determining what measures
need to be taken to arrive at a low

BOOTH
#2104

@ Q. = 1000, Po = 0 dBm, No Amplifier Noise

@ Q. = 10,000, Po = 0 dBm, No Amplifier Noise

@ Q = 10,000, Po =0 dBm, F =10 dB, f. = 10 kHz
@ Q. =10,000, Po =0 dBm, F = 10 dB, f. = 1 MHz
(B QL =10,000, Po = 10 dBm, F = 10 dB, f. = 10 kHz
@ Same as 5, Resonator as Noise Filter
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A Fig. 7 Oscillator phase noise from Equation 2 with varying parameters.
Content is copyright protected and provided for personal use only - not for reproduction or retransmission.

For reprints please contact the Publisher.

MWJOURNAL.COM m APRIL 2018



NI AWR DESIGN ENVIRONMENT

SIMPLY SMARTER

POWER AMPLIFIER DESIGN

NI AWR Design Environment is one platform integrating system, circuit,
and electromagnetic analysis that provides robust harmonic-balance
simulation for fast and accurate nonlinear analysis of power amplifiers.
With highly accurate semiconductor device and circuit element models,
load-pull analysis, and design automation, the software empowers

amplifier designers to successfully bring their products to market.

Simply smarter amplifier design.

AWR)| Learn more at awrcorp.com/amplifier

‘7 NATIONAL
’ INSTRUMENTS

Content is copyright protected and provided for personal use only - not for repreduction.erretransmission.
For reprints please contact the Publisher.

©2018 National Instruments. All rights reserved.




///\\
\gile

Microwave Technology Inc

Y. WY

N YN

Contact us with your
custom requirements

and let us lower your
cost without sacrificing
performance or quality

64

TechnicalFeature

noise, low jitter oscillator, the old
phase noise model of Leeson'® is
still helpful:

tioned, as 2 dB better phase noise
can be achieved by looser coupling
with a resonator insertion loss of 9

dB. The necessary

2 . . o

1FkT f f increase in amplifi-

L(fm)=10|09[§ P [[20& ] +1J(f+1)] (2)  cation and output
S m

It relates the single sideband
(SSB) phase noise L (in dBc/Hz) as
a function of the offset frequency f,,
around centre frequency f; to four
important parameters. To minimize
noise, this model dictates:

* Maximize S/N in the loop, by
maximizing signal power Pg with
respect to noise power FkT (F:
noise factor).

* Maximize the loaded Q Q,=fy/
BW, g of the resonator.

* Minimize the amplifier's flicker
corner frequency f..

Figure 7 shows a number of sim-
ulated phase noise diagrams and
the influence of those four param-
eters. Obviously, optimizing Q| is of
most efficiency, as it enters Equation
2 squared. Less obvious, the high-
ly device technology dependent
f. can have a huge impact, as it is
not unusual to find GaAs devices to
have 100x higher 1/f-noise corner
frequencies than their silicon coun-
terparts.

Resonator Q, Unloaded/Loaded

For single-frequency oscillators,
dielectric resonators placed inside
a metallic cavity offer the highest Q
and for the frequencies discussed
here, resonators with unloaded Q
(Qp) of 30,000 at 2.856 GHz and
25,000 at 3.9 GHz were obtained.

Coupling to the resonator (load-
ing it) reduces Q to Q; and Park-
er!® established that optimum cou-
pling should occur at S,; = -6 dB,
where Q =1/2 Q. This coupling
factor, leading to Q, of 15,000, was
used for the 2.856 GHz design. For
3.9 GHz, the reasoning'® was ques-

power by 3 dB also

increases the am-
plifiers output noise power by 3 dB,
but that increase gets suppressed
by the resonator’s filtering action.
With the above choice, the 3.9 GHz-
design was also realized with a Q, of
15,000, despite the lower Q.

Amplifier Optimization

The most crucial design decision
in the amplifier electronics involves
selection of the active device. Here,
bipolar silicon transistors are pre-
ferred to ensure low f.. Also, design-
ing for high output power pays off,
as it lowers the noise floor. Finally, as
with all oscillator designs, the device’s
transition frequency should be as low
as practically possible for building an
amplifier with acceptable gain.

That gain has to be some dB
above the losses in the loop to ac-
commodate variations over tem-
perature and account for the reso-
nator's amplitude response over the
tuning range. Of course, the oc-
curring gain compression must not
lead to instabilities of the amplifier.
Low noise device biasing was add-
ed to the amplifier design in a two
tier regulation scheme that virtually
eliminates frequency pushing.

Add-Ons

No oscillator is complete without
a buffer amplifier that isolates the
oscillator sufficiently from the load.
For both designs, double stage buf-
fers were built, reducing pulling to
< 1 ppm with a fully reflecting load
over all angles, while keeping the
noise floor at -180 dBc/Hz. Also an
ALC was added to stabilize output
power to < 0.1 dB, helping reduce
phase drifts, due to (tuning induced)

Y
Y

o

e [

I—)F’o

A Fig. 8 Frequency tuning the transmission oscillator.
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amplitude changes.

Temperature Stability

Frequency tuning of a DRO can
be done by either tuning the resona-
tor or varying the phase in the loop
(see Figure 8). Most high perfor-
mance DROs'0-13 and the designs
presented here provide a coarse
mechanical tuning of the resonator
(some MHz) and use a phase-shifter
(PS) for electronic tuning. Electronic
tuning of the resonator, though pos-
sible,” risks degradation of Q as it
involves coupling to varactor diodes
that have much higher losses.

The available frequency shift
from an in-loop PS, however, is
confined to a portion of the reso-
nator bandwidth (-2 dB points in
this case). With a Q of 15,000, the
tuning range amounts to +25 ppm.
This poses a problem, when the
temperature coefficient (TC) of the
resonator assembly becomes too
high with respect to the targeted
temperature range. On top, metal-
lic enclosure (cavity) and dielectric
resonator (puck) have different TCs
with, even worse, different time re-
sponses.12.18

With the aluminium cavity at
-1 ppm/K and the 2.856 GHz reso-
nators at +1.5 ppm/K, both TCs can-
cel well enough, such that this DRO
design has no problem to safely op-
erate over a 0°C to 50°C tempera-
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leg - 3
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PD Phase Noise Test Set

(52
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A Fig. 9 Typical phase noise test setup.
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A Fig. 10 Phase noise measurement of
3.9 GHz DRO with noisy reference.

ture range, more than adequate for
the highly temperature controlled
accelerator environments.

The -3 ppm/K TC of the 3.9 GHz
resonators, however, adds to the
cavity's TC and allows for just +6°C
of temperature variation that can be
compensated with the electronic
tuning. As this was felt to be insuf-
ficient, a mild sort of oven was in-
corporated, keeping the assembly
at +35°C for long time reliable op-
eration.

As the problem of temperature
drift mounts with rising Q, it will
be even more pronounced at lower
frequencies (e.g. 1.3 GHz), where
Q, may increase to 30,000 or more,
leaving +12 ppm or less to be elec-
tronically compensated. Meeting
this challenge either requires further
oven control and thermal insulation
or alternative means of electroni-
cally tuning the resonator.

Phase Noise Measurement
Techniques and Challenges

Measurement of phase noise is a
time measurement and as such car-
ried out by comparing two clocks. In
addition to the oscillator, or device,
under test (DUT), a second oscilla-
tor (reference clock) of the same
frequency is needed and the time
(phase) difference between both
oscillators is recorded using a phase
detector (PD) (see Figure 9).

However, the PD's output is a
measure of the sum of the DUT’s
and the reference’s noise power. As
long as the reference clock is known
to have, say, > 10 dB lower noise
than the DUT, the measurement
yields a correct result within +1 dB.

Commercial phase noise test
sets19-23 that cover wide frequency
ranges, however, incorporate mi-
crowave synthesizers as reference
clocks. With the phase noise of
those synthesizers being decades
higher than the phase noise of the
oscillators presented here, simple
phase detection will not produce
the phase noise of the DUT, but
rather that of the measurement de-
vice's synthesizer. Figure 10 shows
such a measurement (purple trace)
that for f,, > 300 Hz reproduces the
noise of the reference (red trace),
whereas the true result of the 3.9
GHz DRO is actually the green
trace.
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A Fig. 11 Cross-correlation test setup.

Phase Noise Measurement Using
Cross Correlation

A clever way out of this dilemma,

enabling phase noise test sets to
measure sources with far less noise
than their reference has, is the use
of a second identical test set, with
a second independent reference
clock. By letting both test sets mea-
sure the DUT simultaneously and
combining their outputs by a cross-
correlator, it is possible to bring
down the noise of the test sets con-
siderably (see Figure 11).

In fact, this cross-correlation tech-

nique, that most commercially avail-
able phase noise test sets today of-
fer, theoretically, leads to a noise-free
test set. The scheme works by trans-
forming the output of the two PDs
into the spectral domain (FFT), mul-
tiplying them and storing the result.
The process is repeated (theoreti-
cally forever!) and all stored results
are averaged. Mathematically this is
represented by:

(SDUT + SR1)(SDUT + SRZ) = (SDUT )2 +

SpouTSr1 + SpuTSR2 * SRI1 SR2 3)

It is important to note that the

first term of the right hand side is
the phase noise spectral density of
the DUT, Lpyt. The remaining three
terms on the right hand side are
called cross-spectral densities, re-
lating two different noise processes
and whenever two noise processes
are uncorrelated, these quantities
are known to be zero.

(Sput +Sr1)(Sput +Sr2) =Lour (4)

So in order to build a noise-free

phase noise test set, the noise

sources Ngq and ng, in the two test . an
ded for persona use only - not for reproduction or retransmission.
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sets must be uncorrelated and the
measurement must be carried out
forever (ideal averaging requires
infinite summations). While the first
requirement can be sufficiently ful-
filled by sound engineering, the lat-
ter requirement is disillusioning, as
it ruins the perspective of a noise-
free test set in practice.

Yet, the technique is very power-
ful, as it reduces the test set noise
by:

Slogyo (N)  [dB] (5)

with N the number of cross spectra
averaged. So for every 10-fold
lengthening of measurement time,
5 dB noise reduction is gained.

It must be stressed that mea-
surement sensitivity with the cross-
correlation technique is solely de-
pendent upon measurement time.
Most commercial instruments!?-23
allow the user to input the number
of cross spectra to be averaged as
the lever to set sensitivity and mea-
surement time. Less obvious, lower-
ing the start frequency by a decade
also lengthens measurement time
by a factor of 10 and yields a 5 dB
gain in sensitivity. This is because
in the time it takes to collect suffi-
cient samples for one correlation in
the lowest offset frequency decade
(e.g. 1 to 10 Hz), 10x the amount
of data is available in the adjacent
decade (10 to 100 Hz), allowing 10
cross spectra to be computed and
averaged here.

This pattern continues up to the
stop frequency of the measure-
ment. Lowering the start frequency
by one decade usually has the same
effect as increasing the correlations
setting by a factor of 10, simply be-
cause both steps lead to an increase

MWJOURNAL.COM m APRIL 2018
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A Fig. 12 Measurement of the 2.856 GHz DRO using a test setup with maximum

sensitivity (36 h).
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A Fig. 13 Measurement of the 2.856 GHz DRO using R&S test setup with about 2.5 h

measurement time.

in measurement time by a factor of
10.

Measurement Results

With the development of the
2.856 GHz DRO, it soon became
apparent that the sensitivity of the
then used phase noise test set?
was insufficient. Figure 12 shows a
measurement, taken with the maxi-
mum number of correlations (and
minimum offset start frequency), ex-
tending over 36 hours. Yet, the plot
still shows insufficient sensitivity be-
tween 10 kHz and 1 MHz, as well as
artefacts around 30 kHz.

Also development work on the
DROs was tedious, as phase noise

For reprints please contact the Publisher.

measurements took at least 20 min-
utes in order to come up with a use-
able value at 1 kHz offset. Since the
DRO's -125 dBc/Hz at that offset are
just 10 dB below the test set's syn-
thesizer noise, a manageable num-
ber of correlations yields an accept-
able result (compare to Figure 10).
The situation much improved
with the availability of a phase noise
measurement system with much
lower noise internal reference sourc-
es. Figure 13 shows a measurement
of the 2.856 GHz DRO with this in-
strument taken over about 2.5 h of
measurement time, showing excel-
lent accuracy. Figure 14 shows 20
dB less phase noise (purple trace)
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A Fig. 15 Measurement results for the 3.9 GHz DRO.

over the offset frequency range from
1 kHz to 100 kHz, compared to an-
other instrument (red trace). Recall-
ing that the cross correlation tech-
nique reduces test set noise by 5
dB for every 10-fold lengthening of
measurement time, the 20 dB re-
duction in synthesizer phase noise
translates to a potential gain in mea-
surement speed of four decades.
Going back to Figure 13, the
alert designer will notice that the
phase noise of this DRO does not
decay with 20 dB to 30 dB/decade
into the noise floor, as theory de-
mands. The measurement therefore
hints at extra noise polluting the
signal for offsets above 10 kHz, sug-
gesting potential for improvement,
not evident from Figure 12. Further
investigations revealed a number of
simple to implement changes that
were incorporated into the next de-
sign of the 3.9 GHz DRO. Additional

performance was gained by tweak-
ing the design through phase noise
optimizations, enabled by the mea-
surement speed of the system that
makes useable phase noise data
at 1 kHz/10 kHz offset available in
less than 10 seconds, even at those
challenging phase noise levels. The
measurement results of the 3.9 GHz
DRO are shown in Figure 15.

With both designs built around
dielectric resonators with a loaded
Q of 15,000, phase noise num-
bers at 3.9 GHz can be expected
to be 2.7 dB = 20log;((3.9/2.856)
higher than at 2.856 GHz. Instead,
for offsets over 1 kHz, the 3.9 GHz
design shows even lower phase
noise. In terms of jitter, the opti-
mizations yielded a 40 percent
reduction, bringing jitter down to
0.66 fs (integrating phase noise
over 1 kHz to 30 MHz) and 0.29 fs
(10 kHz to 30 MHz).
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CONCLUSION

Sub-femtosecond jitter micro-
wave sources were developed for
two of the relevant frequencies in
X-FEL electron beam accelerators.
None of the critical design decisions
taken are novel, but rather adhere
to long known principles. Use of
modern, low noise components and
techniques, as well as careful opti-
mization of all building blocks was
key to the achieved performance.

It should be pointed out that the
resulting designs are stable and re-
producible commercial products,
with typical noise data not differing
by more than a few dB. With the
phase noise of the realized oscilla-
tors being, at most offsets, decades
below the intrinsic noise of most
measurement systems, such low
noise sources can only be measured
using cross-correlation techniques.
Yet, the required sources to com-
pare the DRO against must be as
low noise as possible, to not over-
burden the cross-correlation capa-
bilities, bearing in mind that every
5 dB of necessary test set noise re-
duction require a 10-fold measure-
ment time.l
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Design of Highly Linear
FET Resistive Mixers

Matthew S. Clements
Department of Electrical and Computer Engineering, University of California, Davis, Calif.
Steve E. Avery and Richard Barber

Cobham Advanced Electronics Solutions, San Jose, Calif.

ixers are essential RF front-end

elements as they are respon-

sible for translating a signal to

a different frequency. They do
this by beating (heterodyning) the signal of
interest with another signal to produce an
intermediate frequency. An ideal mixer pro-
duces the desired output signal with a clean
spectrum, however practical mixers produce
many unwanted spurious signals as well. Ad-
ditionally, circuit parasitics and device non-
linearities generate further mixing spurs that
limit system performance. Mixers can utilize
various types of devices including diodes,
FETs and BJTs, each with its own strengths
and weaknesses.

Tradeoffs in conversion loss, LO drive,
port-isolations, noise, VSWR and linearity
are among the many aspects of mixer de-
sign. These parameters have a predominant
influence on overall system performance,
especially dynamic range. In particular, a
highly linear mixer with low conversion loss
and low distortion characteristics is a key de-
sire for most system designs. This is where
FET-based mixers have an advantage.

A FET-based mixer can be designed to
operate in either an active or passive man-
ner. In the active mode, the FET is typically
DC biased as an amplifier, but with the gate

Gate Bias

RF Filter
X Zrr
o
X
M1 RF

X
“X_ OIF
e =

= IF Filter

FET resistive mixer.
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near pinch-off. The LO and RF signals feed
the gate, or gates if a dual-gate device is
used, and the IF signal is coupled off the
drain. This configuration provides gain, but
at the cost of input compression and higher
levels of intermodulation products. Passive
resistive FET mixers, on the other hand, have
conversion loss, but display outstanding in-
put compression and intermodulation char-
acteristics. This article focuses on the passive
resistive FET mixer, covering its basic opera-
tion and design, concluding with measure-
ments on a GaAs-based mmWave MMIC.

A FET resistive mixer utilizes the resistive
channel between the drain and source of a
“cold FET” or “unbiased FET” to achieve
frequency translation. The RF input signal
is applied across the drain-source channel
of the FET, while the LO signal is applied to
the gate. The IF output signal then appears
across the drain. This configuration is shown
in Figure 1, where a diplexer is needed to
separate the RF and IF signals present at the
drain.

It works by modulating the channel resis-
tance at the rate of the applied LO signal,
which produces the mixing action with the
RF signal. During the positive cycle of the
LO, the RF sees the linear resistance of the
channel, as seen in Figure 2a, enabling it to
achieve low intermodulation distortion lev-
els. Figure 2b shows the operation of the
mixer over time for a series of conductance
pulses at the rate the LO is presented to the
RF.

In Figure 3, Z,  represents the LO source
impedance, to which is matched the gate

MW]JOURNAL.COM m APRIL 2018
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A Fig. 2 FET DC IV curves as the LO and RF swing about the linear region (a) and FET
channel conductance modulation waveform (b)."

impedance in order to maximize
the voltage across capacitor Cgq
This can be done by considering
the equivalent small signal model in
Figure 3a. The LO input impedance
depends mainly on the RC circuitry
and can be reduced to the equiva-
lent circuit shown in Figure 3b.2 The
small signal RF and IF impedances
are determined in a similar fashion,
with the channel conductance re-
placed by the time-averaged value
of the on-off variation over the LO
cycle. Further refined estimates can
be made by including the gate ter-
minated by the gate impedance
evaluated at the RF and IF frequen-
cies. The simplification shown in
Figure 3c is sufficient if the reac-
tance of C_q is large compared to
the resistances of R, and R..3

To prevent LO leakage from
pumping the drain conductance
through C gdr the RF and IF matching
circuit should ideally be designed

SAME DAY
SHIPPING!

FREE SHIPPING
On all orders over $99
within USA and Canada

SAME DAY SHIPPING
On in-stock orders received
by 3pm MT Monday - Friday

to short-circuit the drain at the LO
frequency (see Figure 3a). Also, the
gate should be short-circuited at
the RF frequency to prevent the RF
voltage from varying the channel
conductance.*

TOPOLOGIES

Although the focus is on a single-
ended FET mixer thus far, FET resis-
tive mixers can be used in balanced
topologies as well to further improve
isolation and reduce intermodulation
distortion (IMD). Figure 4a shows a
single balanced topology with the
LO applied to the gates through
a balun and the RF applied to the
drains in phase. Because the LO
drives the two gates in a balanced
(180 degree) fashion, the IF signals
appearing at the drains are 180 de-
grees out of phase. These are filtered
through a diplexer and recombined
using an output balun. A key differ-
ence between the single balanced

Rg
AN
. L
Zio
Re Ry
o S D
ZpeLo

(c)

A Fig. 3 Nonlinear equivalent circuit
with no drain bias (a), simplified
equivalent LO circuit (b) and simplified
equivalent RF/IF circuit (c).?

FET mixer and a single balanced
diode mixer is the additional balun
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M2

der IMD products due to
the drains being shorted
by the IF blocking caps.
Depending on the qual-
ity of the balance, even
order improvements of
20 dB or more can be
achieved.# Note that ei-
ther the LO or RF can be
applied out of phase, but
generally the LO is cho-
sen to be balanced, for

I
®) Wl IF Port

in this configuration, the
drains are a virtual ground
to the LO, thus reducing
the LO's ability to pump
the drain and cause fur-
ther distortion.

Figure 4b shows a
double balanced version
in a ring structure; note
that the extra balun is
still required in contrast
to a double balanced

A Fig. 4 Balanced FET resistive mixer topologies:

single balanced (a), double balanced (b).

in the FET mixer; the extra balun is
required to recombine the IF since,
unlike diodes, the FETs cannot be
operated in reverse. Single balanced
configurations can achieve similar
conversion losses as their single-end-
ed FET mixer counterparts, but with a
3 dB improvement in odd-order IMD
performance because of the RF pow-
er splitting between the two devices.
The single balanced topology also
has an inherent rejection of even-or-

diode mixer. All four cor-
ners of the ring are virtual
grounds for the LO and
the IF connection points
are virtual grounds for the RF. Both
RF connections are made at virtual
ground points with respect to the LO
and IF. Thus, the RF, LO and IF are
inherently isolated from each other
in this configuration. This mixer also
has the same IM rejection properties
as a diode ring mixer; that is, all even
order IM products are canceled out.>
Isolations and even order IM distor-
tion products are both dependent on

A
o 4 '\
2
o A A
A
>
AU Ry ALY
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A Fig. 5 Mixer's two-tone output
spectrum at IF (a) and fundamental and
IM3 levels vs. two-tone input power (b).

the quality of circuit balance main-
tained throughout the mixer.

LINEARITY

Along with the desired IF signal,
practical mixers generate an abun-
dance of spurious products involv-
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ing harmonics of the RF and LO. For
instance, an input signal consisting
of two distinct tones incident at the
mixer results in IF products of vari-
ous orders according to:

fiyg =2mw o nwge £nawrep - (1)

These products are generated
by the nonlinearities in the device,
similar to those of an amplifier. The
key difference is that mixers have
an additional signal, the LO which

converts the intermodulation prod-
ucts to the IF frequency as seen in
Figure 5a for the down-converting
case. Figure 5a shows the two tones
along with the close in third-order
(ny + n, = 3) intermodulation prod-
ucts (IM3). Note that this occurs with
all other harmonics of the LO pres-
ent within the mixer as well, which
are not shown. The extrapolated
intercept of the fundamental and
IM3 products when the RF input
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(530) 642-9123 Ext.1#
SALES@NORDENGROUP.COM
WWW.NORDENGROUP.COM

power is swept is shown in Figure
5b is called the output third-order
intercept point (OIP3). The input
third-order intercept (IIP3) is simply
related to the OIP3 by the gain as
OIP3 = lIP3 + gain. Achieving the
highest possible [IP3 implies that
the close-in IM3 are very small rela-
tive to the fundamental.

In addition to distortion, gain com-
pression is also an important char-
acteristic when assessing a mixer's
linearity. Assuming the mixer is not
saturated by the RF tones, as the RF
power increases, the levels of the IM
products rise at a rate equivalent to
their mixing order. For instance, the
third-order products (IM3) will change
3 dB for every 1 dB change in input
level of both input tones, as seen in
Figure 5b. Once the mixer starts to
saturate, however, the fundamental
output power begins to compress.
When compressed 1 dB below the
extrapolated output power it has
reached its 1 dB compression point.

For low distortion in a FET resis-
tive mixer, the LO should be the only
influence on the channel’s conductiv-
ity. Also, to operate in a clean on-off
fashion, the device should spend as
little time as possible in the transition
region between fully off and fully on.
Thus, with the device biased around
its pinch-off voltage, a high LO drive
is desired to switch the device as fast
as possible. If, however, too much LO
voltage is applied, and the peak gate
voltage exceeds the nominal gate
turn-on voltage, then LO current
leaks into the channel. This current
may interfere with the modulation
process and increase distortion. The
remedy is to bias the device further
below its pinch-off voltage to allow
for higher levels of LO drive. This re-
sults in shorter conductance pulses,
and has the effect of increasing RF
and IF output impedances.®> To aid
in maintaining reasonable imped-
ances, a FET with a larger gate width
can be used. Caution must be used,
for a larger device requires more LO
power, and the device's capacitive
parasitics increase. It is best to use
the largest device possible based on
the frequency of operation and avail-
able LO power.

In practice, a small amount of LO
current does leak from the gate to
the drain via the gate-drain capaci-
tance (C,q). To address this, simply
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resonating out C y with a parallel in-
ductor is straightforward, although
it is a narrowband solution. Another
byproduct of the leakage of power
is the possibility of inducing low
level drain current rectification. This
can be minimized by DC grounding
the drain.

Another aspect to linearizing a
FET resistive mixer involves the use
of drain bias, for it has been observed
that by adding a small positive drain

@

—

3H offers innovative, high quality and
cost effective RF / Microwave Filter
solutions ranging from DC to 50 GHz
backed by our 5 year warranty and
manufactured in our ISO 9001 facilities

bias, the intermodulation levels of
the mixer fall quite drastically.6 With
too much drain bias, however, the
FET will no longer remain within its
linear region of operation; instead, it
will be closer to saturation, and the
desired resistive operation utilizing
the linear channel resistance will no
longer be the case.

Modeling the drain conductance
in terms of applied gate and drain
voltages can be done with a Taylor
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series expansion as shown below, to
observe how the second- and third-
order drain conductances vary.

ids (Vgs ' Vds + Vs ) (2)
=Gy (Vgs Vs ) Vds T
1 aGds (Vgs Vs ) 2
2 v, ®
1 83 Gds (Vgs ' Vds ) 3
Z an53 Vds

+

=Gy (Vgsrvds)vds +

C.:'d2 (Vgs '

Gd3 (Vgs ' Vds )Vds3

2
Vds )Vds +

The goal is to minimize third-
order distortion products since they
are close to the IF, thus we want to
reduce the third-order drain con-
ductance term (Ggz) as much as
possible over the gate swing. Us-
ing a 4 X 25 pym FET from Qorvo's
0.15 pm PHEMT process, the mea-
sured third-order drain conductance
(Gy43) over both the applied gate
and drain bias is shown in Figure
6. There is a sweet spot for these
devices to achieve the lowest Ggs.
Thus, with a little drain bias applied,
this sweet spot should yield the low-
est possible intermodulation levels
achievable within the FET.

MMIC DESIGN

To demonstrate Gg3 minimiza-
tion, a MMIC mixer is designed and
fabricated (see Figure 7a). A single
balanced resistive FET mixer topol-
ogy with balanced LO and RF is
chosen for its small size and ability

A Fig. 6 Third-order drain conductance
of a GaAs PHEMT vs. Vy; and V..
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to fit on a chip. This configuration
does not provide for rejection of
even-order intermodulation prod-
ucts, but it does improve the inher-
ent LO-IF and RF-IF port isolations.
The MMIC is fabricated using Qor-
vo's 0.15 ym GaAs PHEMT process.
The mixer core uses a pair of 4 X
25 pm FETs. The gates are biased
through N* doped GaAs resistors,
and the drains are biased through
an off-chip bias-T.

The LO and RF baluns utilize a
spiral Marchand structure with ca-
pacitive compensation to improve
amplitude and phase balance.
This type of balun allows the mixer
to work well over a multi-octave
bandwidth, but requires that all the
matching networks between the
baluns and the FETs operate over a
similar bandwidth as well. This type
of balun does not inherently provide
an optimal termination to the leak-
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age that passes through Cyq, but it
is an acceptable design tradeoff in
terms of operating bandwidth. The
RF balun is designed to allow the IF
to pass through unaffected.

MMIC MEASUREMENT RESULTS

The MMIC is packaged in a fix-
ture with 2.92 mm K connectors.
Testing is done with a two-tone sig-
nal at -5 dBm per tone, separated
by 10 MHz centered around 27
GHz. The LO is fixed at 28 GHz and
is swept in power to ensure the mix-

LO Port RF Port

ENA

0
30fcogrer ot = o
CO/|d\FET ':'»:. ’l/_ D) g
3 =
@ 20 2V {4 &
=15 -1.5Vg >
o -1.8Vg 1% @
= ol 5
-l == REH] 8 S
| | Lor e 2
ol . ) 0
12 14 16 18 20
LO Power (dBm)
(b)
35 <10
—q
30 1 9
| ’ S =1
- 25 RN tul -4 é
- P 2
8 201" =5vg, 1.0Vq -
© 15— -1.5Vg, 0.8 Vy — 8 o
S ol | -18Va.07Vs |.° 10 %
5 o 12§
0 - 2 -14
12 14 16 18 20

LO Power (dBm)

A Fig. 7 MMIC schematic and
prototype (a), IIP3 and conversion

gain vs. LO power with the drains DC
grounded (b) and with drain bias applied
(pinch-off = -1.2 V) (c).
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+ 24-hour quote turnaround . ) A

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

« Custom design available
« RoHS and DFARS compliant

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

48 YEARS OF EXCELLENCE

| | |
: I= — — mini-systemsinc.com
:\_II:I_I'__—I_; 508-695-0203 info@mini-systemsinc.com
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TechnicalFeature

er is driven sufficiently at selected
gate bias points.

Figure 7b shows the measured
conversion gain and [IP3 with the
drains grounded (cold FET), while
Figure 7c shows them with drain
bias applied. In the cold FET case, as
the devices are biased further below
pinch-off and the LO drive level is in-
creased both the [IP3 and conversion
gain steadily improve. With drain
bias applied, the conversion gain

increases slightly, but the large im-
provement in IIP3 is a good tradeoff.

Large signal testing is conducted
as well; Figure 8 shows the mea-
sured conversion gain of each mixer
as a single tone 27 GHz RF signal is
swept in power from O to 21 dBm,
with a fixed 28 GHz LO. In cold FET
operation, the mixer achieves an in-
put 1 dB compression point (P4g) of
16.5 dBm, only 0.4 dB below the LO
drive level. This is one of the merits

real boards
real easy
real fast 4

@D

}

LPKF ProtolLaser

Protolaser. It’s the real deal.

Design your circuit, load virtually any type of substrate, send your file, and you'll have
real working circuit boards in minutes. So real in fact, you'll achieve consistent, high
resolution geometries that chemical etching can’t even touch. From prototypes to
medium-run production, the ProtoLaser will liberate you from the board house.

www.lpkfusa.com/pls ¢ 1-800-345-LPKF

~
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A Fig. 8 Measured conversion loss at
27 GHz vs. RF input power, tested in
both cold FET and optimized drain bias
modes.

of using FETs; the RF and LO are ap-
plied to different parts of the mixer,
whereas in a diode mixer both the
LO and RF directly control the diode
conductance. With drain bias applied
the mixer achieves a P,y of 21.7
dBm, 2 dB above the LO drive. This
can be attributed to the reduction of
Cgq Via the application of drain bias.

CONCLUSION

Maximizing a mixer’s 1IP3 can
vastly improve the dynamic range of
a system and result in overall higher
system performance. The design
process for producing highly linear
FET resistive mixers is reviewed,
and a GaAs MMIC is designed and
built using the linearization tech-
niques discussed. An |IP3 of 35 dBm
is achieved in a mmWave mixer.l
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ProductFeature

RF Probe for Ultra-
Low Temperature
Applications

INGUN USA Inc.
Lake Wylie, S.C.

uantum computing architectures

have been transferred from the

laboratory environment to full-

scale introduction to the market
for universal quantum computers. INGUN
has helped to develop an interconnect solu-
tion which replaces traditional bond wiring.
This has paved the way for scalability at the
Institute of Quantum Computing in Water-
loo, ON, Canada.

Explained simply, quantum computing
can process much more data
than traditional computing
systems, which is vital for IT
forensics, security and cryp-
tology, for example, making
it effective for real world ap-
plications and not just in the
laboratory. In a binary system,
each bit is either a O or a 1,
and it can never be both 0 and
1, but quantum bits (qubits)
allow for a superposition of
both states at the same time,
which means that more com-
putations can be done when
compared to regular binary
systems.

1 A guantum socket, consist-
N ing of several resonators is

probes stay permanently in the chuck, but
only make contact with the resonator if the
chuck is compressed. This is all done at very
low temperatures—for this application, an
apparatus that cools down the temperature
to just slightly above absolute zero (0°K or
-273.15°C) is used. This is done in several
stages. The chuck can be seen in Figure 1.

Around this temperature, the resonators
become super-conductive. It goes without
saying that regular spring probes and con-
tacts would not work at all in such an envi-
ronment. However, INGUN has come up
with a modified coaxial probe version—the
HFS-847 301 038 A 1200 M-S-Y 100 mil
probe—that uses special beryllium-copper
springs and other proprietary materials so
that the probe is usable in that temperature
range. For this setup, the probes also have
to be strictly non-magnetic.

Usually, a thin nickel layer is used beneath
the gold plating. This is done because nickel
works as a carrier or adhesive for the gold,
which ensures a long life and prevents the
gold from chipping off from the base ma-
terial. It acts as a diffusion stopper. Nickel,
however, is ferromagnetic, thereby attracted
by magnets, so the plating process has to
ensure that not even a slightest amount of
nickel is present when the parts are electro-
plated. After plating a Gaussian chamber

A Fig. 1 The HFS-847 301 038 A1200  the device under test (DUT)  plateg . : : .
M-S-Y probe resonator chuck. for this application. The RF s utilized to verify that no nickel residue is
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Amplifiers — Solid State

Attenuators — Variable/
Programmable

Couplers (Quadrature,
180° & Directional)

Detectors — RF/Microwave

DLVAs, ERDLVAs
& SDLVAs

DTOs, VCOs, PLO, DROs,
& Frequency Synthesizers

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.
RF / Microwave Limiters - Passive & Active

PMI offers a variety of RF / microwve limiters covering the DC to 40 GHz frequency
range in passive or active designs for military and industrial applications. PMI's
limiters offer low loss, high speed along with low leakage levels and high peak
power handling. More available at:
http://www.pmi-rf.com/Products/limiters/limiters_features.htm

LM-1G2G-4CW-1KWP-SMF-
OPT10M6G

PASSIVE LIMITERS

LM-100M20G-18-10W-SFF LM-1G18G-15-25W-SMF LM-18G40G-18-1W-292FF

Insertion Maximum

Leakage

PMI Model No. Loss  VSWR T Power  ReEoInY S o
(dB) Power (dBm)
LM-1G2G-4CW-1KWP-SMF-OPT10M6G 4w, Cw
) o 1 KW peak

http://www.pmi-rf.com/Products/limiters/ 0.01-6 2 2.0:1 | (1% Duty Cycle, 16 lus 1.00x0.75 x 0.38
LM-1G2G-4CW-1KWP-SMF-OPT- 1 ps Max Pulse SMA (F)
10M6G-Updated.htm Width)
LM-100M20G-18-10W-SFF SN

o || EOREE 0.50 x 0.50 x 0.22
http://www.pmi-rf.com/Products/limiters/ 01-20 2 2.0:1 (10% Duty 185 115 ns SMA (F)
LM-100M20G-18-10W-SFF.htm Cycle, 100 ps

Pulse Width)

LM-1G18G-15-25W-SMF owew

.| 1oow Peak 1.00 X 1.00 x 0.40
http://www.pmi-rf.com/Products/ 10-18 25 201 (10% Duty 15 100 ns SMA (F)
limiters/LM-1G18G-15-25W-SMF.htm Cycle & 40 ps

Pulse Width)
LM-18G40G-18-1W-292FF 05%0/5 X022
Lo X 0.0X0.

http://www.pmi-rf.com/Products/limiters/ | 18 -40 4 211 Lwyeny L d0ins 2.92mm (F)
LM-18G40G-18-1W-292FF.htm

LM-500M8G-2-33DBM-12V LM-2G18G-2D8-33DBM-12V LM-8G18G-7-33DBM-12V LM-1G2G-N15-33DBM-12V

ACTIVE LIMITERS

Maximum
Input
Power

Insertion
Loss
(dB)

Leakage DC
Power Supply
(dBm) Voltage

Size (Inches) /
Connectors

PMI Model No. VSWR

LM-500M8G-2-33DBM-12V

+12 VDC
1.08 x 0.71 x 0.29
http://www.pmi-rf.com/Products/limiters/ | 0-5-6 2 2.0:1 | +33dBmCW | 2.3 @ 180 SMA (F)
LM-500M8G-2-33DBM-12V.htm mA
LM-2G18G-2D8-33DBM-12V
: *+12VDC | 4 68 0.71 x 0.29
http://www.pmi-rf.com/Products/limiters/ | 2:0-18 2 2.0:1 | +33dBm CW 2.8 @ 180 SMA (F)

LM-2G18G-2D8-33DBM-12V.htm mA
LM-8G18G-7-33DBM-12V

+12 VDC
1.08 x 0.71 x 0.29

http://www.pmi-rf.com/Products/ 8.0-18 2 2.0:1 | +33dBm CW 7.1 @ 100 SMA (F)
limiters/LM-8G18G-7-33DBM-12V.htm mA
LM-1G2G-N15-33DBM-12V

: *12VDC | 55 % 0.78x 0.36
http://www.pmi-rf.com/Products/limiters/ 1.0-2 2 2.0:1 | +33dBm CW -15 @ 250 SMA (F)
LM-1G2G-N15-33DBM-12V.htm mA
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ProductFeature

present on the probes.

The probes operate from DC to
beyond 10 GHz with excellent S-pa-
rameter characteristics and can be
used for grids down to 100 mil (2.54
mm). The tail end of the probe can
be connected to 0.047 in. diameter
type coaxial cables through the use
of a special snap-in connector type.

The special springs were tested
and characterized for their compres-
sion at room temperature, in liquid

nitrogen (i.e., at a temperature of
T = 77°K) and in liquid helium (T
= 4.2°K). No noticeable difference
was found when comparing the
cold springs to springs operating at
room temperature. The final config-
uration with the chuck and the co-
axial probes and assemblies which
gets used in the freezer is shown in
Figure 2.

What started as a research project
has evolved into the development

EXODUS

ADVANCED COMMUNICATIONS
Best in Class RF Amplifier SSPA’s

High Power Solid State Power Amplifiers
Chip & Wire Hybrid Assemblies, Modules & Systems
Broadband, CW, Pulse & Linear Applications
1MHz to 50GHz, 3KW CW, 10KW Pulse
Medium Power Amplifiers
1MHz to 51GHz, up to 2W P1dB
Low Noise Amplifiers
Block Up Converters

www.exoduscomim.com

Exodus Advanced Communications
3674 E. Sunset Road, Suite 100

Las Vegas, Nevada 89120 USA

Tel : 1-702-534-6564

Fax :1-702-441-7016

Email : sales@exoduscomm.com

10-15 June 2018

IMS Philadelphia, PA #:

Eoectry thath, Excturgry

Sales contacts

Inside Sales : Christy Strahan Anderson
Domestic/international Sales : Bill Liebman
Technical Sales : Effi Bainvoll

EXODUS ADVANCED
COMMUNICATIONS

" VISITUS AT |
 BOOTH1704

A Fig. 3 Close up of the HFS-847 301
038 A 1200 M-S-Y probe tip and body.

of a probe that can be used for vari-
ous industries such as automotive,
military, space and aviation. In all
these industry segments parts have
to be cycled with large temperature
swings. Also, the use of 100 per-
cent non-magnetic base materials
and the use of an “ecobrass” mate-
rial makes the HFS-847 301 038 A
1200 M-S-Y very interesting for the
medical industry. See Figure 3 for a
close-up of this probe.

INGUN USA Inc.
Lake Wylie, SC
www.ingun.com

ACKNOWLEDGMENT

INGUN would like to thank Pro-
fessor Matteo Mariantoni, Jeremy
Bejanin, Thomas McConkey and
the whole team at the Institute of
Quantum Computing in Waterloo,
ON, Canada for their studies with
the probe. For anyone interested
in the research, the article is titled,
“Three-Dimensional Wiring for Ex-
tensible Quantum Computing: The
Quantum Socket,” and was pub-
lished in Physical Review Applied,
October 2016.

Content is copyright protected and prowded for personal use only - not for reproduction or retransmission.

92

For reprints please contact the Publisher.

MWJOURNAL.COM m APRIL 2018



10 MHz Rubidium Frequency Standard

« 5MHz and 10 MHz outputs The FS725 Benchtop Rubidium Frequency
Standard is ideal for metrology labs, R&D
- Ultra-low phase noise facilities, or anywhere a precision frequency
(<-130dBc/Hz at 10Hz) standard is required.
- 0.005ppm aging over 20 years It has excellent aging characteristics, extremely
e . . . low phase noise, and outstanding reliability.
- Built-in distribution amplifier A 1pps input is provided for phase-locking to
(up to 22 outputs) GPS, providing Stratum 1 performance.
- 1pps input and output With a built-in 5MHz and 10 MHz distribution

amplifier, the FS725 is the ultimate laboratory
frequency standard.

FS725... $2695 (u.s.list)
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ProductFeature

Wideband LDMOS
Driver IC Covers

575 to 960 MHz
Cellular Bands

Infineon Technologies

Morgan Hill, Calif.

esponding to ever-increasing de-

mands for higher data rates, wire-

less infrastructure providers are

moving to more broadband sys-
tems. The newly-released 600 MHz spec-
trum (band 71) will help address these band-
width needs. To take advantage of this spec-
trum, cellular base station operators need to
provision amplifiers that operate from 600
MHz to 1 GHz. A wideband driver that cov-
ers all the individual bands, plus broadband
applications below 1 GHz, with flat RF per-
formance is desired for base station amplifi-
er lineups, to achieve faster cycle time, ease
of use and compact designs. To meet this
market requirement, Infineon Technologies
has developed a two-stage, 50 V, LDMOS
RF integrated circuit (PTGA090304MD) that
operates from 575 to 960 MHz.

LDMOS technology has long been the
most cost-effective solution for base station
power amplifiers (PA). Even though GaN has
made significant progress in recent years,
LDMOS is still the leading technology for
commercial base station PAs below 1 GHz,
due to its competitive RF performance
and cost advantage. Unlike the traditional
LDMOS process that uses a 28 V drain sup-
ply, Infineon’s 50 V LDMOS technology is
optimized for 50 V, offering higher power

density and competitive RF performance to
meet market needs for more compact base
station PAs.

DESIGN AND PERFORMANCE

The PTGA090304MD is a two-stage de-
sign based on Infineon’s 50 V LDMOS tech-
nology that operates from 575 to 960 MHz.
By integrating two gain stages onto one IC,
assembled in the low-cost TO270-14 over-
molded plastic package, the device pro-
duces more than 30 dB gain and eliminates
the need to use three discrete driver devices
to meet the gain requirement of the lineup.
The input is internally matched to 50 Q, so

A Fig. 1 LDMOS driver IC in the broadband
fixture.
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PIN DIODE LIMITERS
1 WATTCW 1 -40 GHz

(Very High Frequency)

ProductFeature

TABLE 1

BROADBAND WCDMA PERFORMANCE
(36 dBm AVERAGE Pgy, 10 dB BACK-OFF FROM PEAK POWER,
BROADBAND FIXTURE)

Frequency Input Return Gain Efficiency PAR ACPR
(MHz) Loss (dB) (dB) (%) (dB) (dBc)
575 -22.6 28.5 18.0 9.2 -38.3
590 -22.7 29.6 18.1 9.2 -40.5
660 -18.7 31.9 18.4 9.3 -46.2
746 -18.8 30.8 17.3 9.4 -47.0
860 -20.3 30.1 16.0 9.4 -46.2
960 -21.1 30.2 15.1 9.2 -45.1
TABLE 2
WCDMA PERFORMANCE IN THE 728 TO 768 MHz NARROWBAND FIXTURE
Many Models Available in Stock PTGA090304MD Current Market Performance
Frequency Gain Power-Added | ACPR Gain Power-Added ACPR
- Very High frequency Wide Band (MH2) (dB) Efficiency (%) | (dBo) (dB) Efficiency (%) | (dBo)
. 1 Watt CW Power Handling
Capability 728 33.0 19.7 -46.4 30.9 19.6 -44.7
e s ey 748 328 19.7 467 | 311 195 455
. Hermetically Sealed Module 768 32,5 195 _46.6 31.2 193 462
Typical Performance @ + 25 Deg. C TABLE 3
WCDMA PERFORMANCE IN THE 920 TO 960 MHz NARROWBAND FIXTURE
meo | W' | ey [ weceeasce?
MODEL RaNGe | MWSERTON | mgesporp | @IWCW PTGA090304MD Current Market Performance
L
e &Ef ) m Frequency Gain Power-Added | ACPR Gain Power-Added | ACPR
(MHz) (dB) Efficiency (%) (dBc) (dB) Efficiency (%) (dBc)
Pren | 1% 35 # 2 920 334 19.6 -46.4 34.4 19.9 -45.0
e ) % f o 940 333 19.3 463 34.5 200 446
LP18-264 18-% 30 # 9
IPIedA ) 0 3 P 960 33.2 19.1 -46.0 34.3 19.8 -44.3
LP140A 1-4 45 4 +20 . . . .
e | % B P = no input matching is needed on the  power back-off in the 728 to 768
Y 5 3 P PCB. The DC blocking capacitor at  and 920 to 960 MHz bands, respec-

Notes: 1. Insertion Loss and VSWR
(2 : 1) tested at -10 dBm.

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

Other Products: Detectors, Amplifiers,
Switches, Comb Generators,
Impulse Generators, Multipliers,

96

the input is also integrated on the
IC die.

The PTGA090304MD covers 575
to 960 MHz, which corresponds
to 50 percent fractional RF band-
width, with one broadband imped-
ance match on the PCB. Figure 1
shows the broadband RF fixture,
and Table 1 summarizes the per-
formance in the fixture with a sin-
gle-carrier, 10 dB peak-to-average
ratio (PAR), WCDMA waveform
at 10 dB back-off from the peak
power of 40 W. The device has flat
output power, greater than 15 per-
cent efficiency and 30 dB gain. The
PTGA090304MD delivers competi-
tive narrowband performance in
the two major cellular bands under
1 GHz. Tables 2 and 3 show the
RF performance at 10 dB output

tively. The driver has 33 dB gain,
19 percent efficiency and excellent
raw linearity of -46 dBc adjacent
channel power ratio (ACPR) in both
bands.

The PTGAO090304MD’s output
match uses a simple matching to-
pology that is easy to implement on
the PCB, making impedance tuning
straightforward and convenient to
implement in production. The same
PCB layout (see Figure 1) is used
for the broadband and two narrow-
band fixtures, as the output match
for the different frequency bands
only requires changing two surface-
mount capacitors. This provides the
flexibility of using one device and
one board layout to cover multiple
bands, minimizing manufacturing
complexity.
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A Fig. 2 Two-tone IMD vs. tone
spacing, with the driver in the broadband
fixture.

Being a dual-path device, the
PTGAQ090304MD can be used in
different  amplifier architectures.
The circuit in Figure 1 shows the
device operating in class AB, with
both paths split and combined with
a 3 dB hybrid coupler on the input
and output, respectively. To achieve
higher efficiency, the two devices
can be configured as carrier and
peaking amplifiers in a broadband
Doherty configuration.

Excellent raw linearity at the
device level helps to reduce the
complexity and cost of external
linearization or to increase the out-
put power and efficiency. Figure
2 shows the two-tone IMD perfor-
mance versus tone spacing. Linear-
ization of the device was character-
ized using an Optichron digital pre-
distortion (DPD) system. With DPD,
the ACPR of the circuit was reduced
to the noise floor of -54 dBc, using
a two carrier LTE signal with 7.9 dB
PAR and 40 MHz signal bandwidth,
showing no RF performance deg-
radation at 7 dB back-off from the
peak power.

The PTGA090304MD wideband
IC provides state-of-the-art perfor-
mance below 1 GHz and meets the
requirements of base station PAs.
Scheduled for production in the
third quarter of 2018, it will have
the widest bandwidth of any 1 GHz
RFIC on the market—while offering
competitive narrowband perfor-
mance. Infineon plans future two-
stage ICs using 50 V LDMOS, for
different power levels.

Infineon RF
Morgan Hill, Calif.
www.infineon.com/rfpower

1 St § GHr

CUSTOM PROTOTYPE RF/MICROWAVE

9G SURFACE MOUNT FILTERS

LOW Profile for X, Ku, Ka Band
CO-LOCATION BAND MITIGATION
ULTRA-NARROW BAND (~0.03% BW)
ULTRA-WIDE BAND (10GHz, 30% BW)
PRODUCTS
LTE Small Cell/TMA/Combiner/Multiplexer/DAS Solutions
Ultra-Low PIM Duplexers from 450 MHz to 2.7 GHz
Miniature Bandpass, Band Reject, Highpass, Lowpass Filters
Ultra-high Q Dielectric Resonators and Meta Materials

Narrow Band and Broad Band Antennas and Filters
Call for a FREE Engineering Consultation

858.450.0468

I M CV-Mmicrowave.com
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ProductFeature

95 dBm IIP3 Switch
Boosts LTE ULCA
Performance

RF Innovation
Starnberg, Germany

TE uplink carrier aggregation (ULCA)

puts new, significant linearity chal-

lenges on RF front-end components.

The switches need to be ultra-linear
to achieve the best receive sensitivity, with
an input third-order intercept point (lIP3)
greater than 90 dBm required to achieve un-
compromised performance.

RF Innovation has developed a technol-
ogy—SwIP®—that improves third-order
intermodulation (IM3) performance of FET-
based switches by greater than
20 dB (see Figure 1), which boosts
switch linearity to levels of 95 dBm
[IP3. While this technology can be
used in many applications where
ultra-linear switches are required,
LTE ULCA is probably the most
prominent since the benefits are
dramatic. Many concepts have been
developed that try to overcome the
shortcomings of limited IM3 perfor-

levels. While LTE without uplink CA requires
approximately 72 dBm IP3, adding uplink CA
increases this to greater than 90 dBm, be-
cause mixing products can fall into the receive
bands and reduce receive sensitivity (see Fig-
ure 2). For example, for uplink inter-band CA
of bands 1 and 3, the intermodulation prod-
ucts of the two transmit (Tx) carriers fall into
the band 1 receive (Rx) and GPS spectrum,
respectively. A similar issue occurs for uplink
CA of bands 2 and 4, where the upper IM3

With SwiP

mance in RF front-ends, but all of A Fig. 1 SwIP reduces IM3 products, boosting LTE carrier
them require extra effort and cost, aggregation performance.

such as separate antennas for the
two uplink carriers. Now, SwlIP tech-
nology allows an easier, smaller and
more cost-effective solution for RF
front-ends.

LTE ULCA CHALLENGES

LTE carrier aggregation (CA) has
almost unlimited possibilities to com-
bine available spectrum. The uplink
case puts tough linearity require-

For reprints please contact the Publisher.

A Fig. 2 With uplink carrier aggregation, antenna switch
ments on the RF front-end COMPO- creates unwanted IM3 products that fall into band receive

nents, requiring unprecedented [IP3 frequencies.
Content is copyright protected and provided for personal use only - not for reproduction or retransmission.
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A Fig. 3 SPDT IM3 (a), insertion loss (b) and isolation (c) using SwIP technology.

product falls into the band 2 Rx spec-
trum. 3GPP specifications acknowl-
edge the technical challenge and al-
low maximum sensitivity degradation
(MSD) up to 25 dB.

SwiP TECHNOLOGY
Most of this loss of sensitivity can
be regained using SwIP technology.
SwlP has been developed by RF
Innovation to help meet these re-
quirements and uses existing semi-
conductor processes. The main fea-
tures and benefits of SwIP are:
* Up to 20 dB improvement in
IMD3, boosting IP3 to 95 dBm

oy Since 2004

I 3 Santa Rosa, CA

707-546-1050

® Process agnostic: applicable
for bulk CMQOS, SOI and GaAs

PHEMT
* Power agnostic: applicable for

any power level
* No impact on isolation
* Approximately 0.1 mm?2 die area
* Approximately 0.05 dB added in-

sertion loss.

Figure 3 shows the performance
improvement SwIP technology adds
to a standard SPDT switch imple-
mented in SOI. A SOl-based SPDT
has an inherent IP3 of 83 dBm, the
performance that commercially-
available, high IP3 switches offer

NEW! 86 dB

Dynamic Range

LadyBug-Tech.com

Thermally Stable Power Sensors

* Fast, Accurate, Traceable

* General Purpose & ATE Applications

e U2000 Compatible & SCPI Commands
* |In Stock for Immediate Shipment

|" -67.969 dBm

today. Using SwiP, IM3 products
are 20 to 25 dB lower, increasing
IP3 by 12 dB to an absolute level of
95 dBm.

The price paid for this IM3 im-
provement is a minor insertion loss
increase of approximately 0.05 dB
and approximately 0.1 mm?2 ad-
ditional die area compared to the
baseline SPDT. The isolation is iden-
tical to that of the baseline SPDT. A
sensitivity analysis simulating produc-
tion, voltage, temperature and load
VSWR swings shows robust behavior.

The benefits of SwlIP technol-
ogy were verified with demonstra-
tion hardware fabbed on a 180 nm
SOI process. Compared to a SPDT
switch without SwiP, the first tape-
out hardware achieved:

e IMD3 improvement of 15 to
20dB

* Approximately 0.1 dB additional
insertion loss

¢ |dentical isolation.

APPLICATIONS

LTE ULCA is one of the targeted
applications for SwIP technology, as
it enables highly linear RF front-ends
with [IP3 up to 95 dBm. However,
its usage is not limited to mobile
phone switches; it covers any RF
switch application requiring extraor-
dinary high linearity with power lev-
els up to tens of Watts. SPDT, DPDT
and more complex configurations
with multiple inputs and outputs
can be supported.

The technology has been proven
with SOl hardware and has been
successfully evaluated for GaAs
PHEMT and bulk CMOS processes.

RF Innovation is offering SwiIP in-
tellectual property rights to interest-
ed parties for licensing or acquisition.

RF Innovation
Starnberg, Germany
www.rfinnovation.de
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DUAL or SINGLE LOOP
SYNTHESIZER & PLO MODULES

Features: “Il 'ln

« Proprietary digital Integer and Fractional PLL technology

« Lowest digital noise floor available -237 dBc/Hz figure of merit %*
- Output frequencies from 100 MHz locked crystal to 30 GHz
« Rvailable with reference clean up dual loop, or single loop for

very low noise reference

« Parallel fixed band stepping or SPI interface synthesized up to
octave bandwidths

» Reference input range 1 MHz to 1.5 GHz

« Dual RF output or reference sample output available

+ +12 dBm standard output power +16 dBm available

+ Standard module size 2.25 X 2.25 X 0.5 Inches (LxWxH)

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

Applications: .
» SATCOM, RADAR, MICROWAVE RADIO :

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

6.5GHz Phase noise
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TechBrief

ffering a cost-effective

alternative to original

equipment manufacturer

VNA cable solutions, the
new TestPro VNA test cables have
been specially designed to with-
stand the rigors of test laboratory
use and production testing for 50 Q
communications systems. The test
cables are available as single cable
or phase-matched pairs and are de-
livered in three standard lengths of
25, 38 and 48 in.

Available in 40, 50 and 67 GHz
options, the TestPro VNA test cables
have a guaranteed maximum phase
and loss change. This is significant
and essential because amplitude

You’ve known us for more than 30 Years
as your component manufacturer, but . . .

Did you know
we make great
Switch Matrices?

Custom Microwave Components, Inc.
www.customwave.com
info@customwave.com
Phone: (510) 651-3434
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High Performance, Cost-
Effective VNA Test Cables

and phase variation following VNA
calibration causes inaccurate S-
parameter measurements. These
phase-stable cables are available in
both male and female versions and
either 2.92 mm, 2.4 mm or 1.85 mm
diameters.

To endure the rigorous treat-
ment and harsh environments that
test cables are often subjected to
in the laboratory and in production,
the TestPro VNA series is designed
to be robust: the braided stainless
steel armoring surrounding the
coax provides a rugged, self-lock-
ing, flexible cable with a flex life
exceeding 50,000 cycles. While ro-
bust, the TestPro VNA cable assem-

0.1-18.0 GHz

RF Distribution Matrix
(80x5 Non-Blocking)

¢ Octave Band Inputs

¢ Wide-Band (0.1-18.0 GHz) Outputs

¢ 0 dB Nominal Gain

* <14 dB Noise Figure

* >60 dB Cross Channel Leakage

¢ Phase and Amplitude Tracked Path Sets
¢ User Definable Controls

¢ 2 psec Channel Selection

* 100 nsec Output Blanking

e Line Replaceable RF Units
¢ 19” Rack Mountable (12U)

For reprints please contact the Publisher.

blies are still able to offer precise
phase and amplitude stability when
flexed and provide good accuracy
and long-lasting intervals between
recalibration.

As they provide accurate mea-
surements with phase and ampli-
tude stability, offer long calibration
intervals, a high degree of flexibility
with no spring-back and are long-
lasting, the TestPro VNA series is
particularly applicable for VNAs,
testing in laboratory environments
and critical measurements.

Radiall
Paris, France
www.radiall.com
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TechBrief

arki Microwave recent-
ly introduced two GaAs

PHEMT  distributed
amplifiers  optimized
for mixer and low phase noise ap-

plications.

The ADM-5974CH covers DC
to 35 GHz with 14 dB small-signal
gain, +22 dBm saturated output
power, 6 dB noise figure, —153 dBc/
Hz phase noise at 10 kHz offset and
16 dB return loss. This amplifier pro-
vides an efficient and optimized LO
drive for Marki's mixers and is well-
suited for electronic warfare, clock
distribution and test and measure-
ment applications.

The second amplifier, the ADM-

Micr ave

Journal

Ultra-Low Phase Noise
Oscillators with
Attosecond Jitter

Products from: INGUN,
Infineon and RF Innovation

GaAs PHEMT Amplifiers
Optimized for Mixers

5931CH, covers DC to 28 GHz and
provides 11 dB small-signal gain
and +18 dBm saturated output
power, drawing less than 85 mA DC
bias current. The amplifier's noise
figure is 6 dB, phase noise is =153
dBc/Hz at 10 kHz offset, and the re-
turn loss is 16 dB. An efficient and
low power solution, this amplifier is
well-suited for use as a preamp or
LO driver.

With a negative gate bias voltage,
Marki Microwave's GaAs PHEMT
amplifiers are optimized to provide
high even-harmonic suppression
while generating high odd harmon-
ics, to emulate a square wave with
low rise and fall times. Marki's mix-

ers are designed to uniquely take
advantage of this design approach.
Fabricated with a low noise PHEMT
process, Marki amplifiers work well
in low phase noise applications.
The ADM-5974CH and ADM-
5931CH are available as bare die,
with enhanced moisture resistance
to improve reliability. Marki also
offers a selection of amplifiers in
surface-mount, 3 mm x 3 mm and
4 mm x 4 mm QFN packages or
multi-chip connectorized modules.

Marki Microwave
Morgan Hill, Calif.
www.markimicrowave.com
info@markimicrowave.com

www.mwjournal.com/freqmatters

Design of a Single Chip Front-

End Module for 28 GHz 56

Design of Highly Linear
FET Resistive Mixers

Frequency Matters

>

MACOM.

Partners from RF to Light
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expo & conference

JUNE 26-28

2018

EXHIBIT DATES JUNE 27-28
McEnery Convention Center

SAN JOSE, CA

=

trrrnnnd

T

THE INDUSTRY'S LARGEST EVENT DEDICATED TO
Sensors, Connectivity,
And System:s.

Sensors Expo & Conference is where you'll find the best of the best in the
sensors industry, along with new and innovative ways to jump start your
sensor solutions. Be a part of the ONLY event where technologists find
opportunities and engineers innovate solutions. This year's event features
three exciting days of all-new Pre-Conference Symposia, Conference
Technical Sessions across 10 updated tracks, visionary Keynote Presentations,
Networking Events, Exhibits, and much more!

ATTENDEES EXHIBITORS
SPEAKERS CONFERENCE TECHNICAL SESSIONS
PRE-CONFERENCE SYMPOSIA KEYNOTES

OFFICIAL PUBLICATION INDUSTRY SPONSOR CO-LOCATED WITH

www.sensorsexpo.com

Use code MWJ100 for $100 off

Conference Passes or a FREE Expo Hall Pass!
#P1d provided for personal use only - not for reproduction or retransmission.
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commercial off-the-shelf

(COTS) power amplifier

(PA) design developed

by Empower RF Systems
passed MIL-STD-810 testing, an
endorsement of the ruggedness of
the company’s products. Adding a
dust filter was the only adaptation
for testing.

Mounted in a test fixture, Em-
power’s Model SKU 2126 was sub-
jected to 40 G shock while oper-
ating uninterrupted at full rated
output power. The amplifier system
was tested to MIL-STD-810E, Meth-
od 514.4, with 40 G peak vibration
and operated for 270 minutes on
each axis. The unit also passed a
three-axis shock test to MIL-STD-
810F, Method 516.5, with 18, 40 G

COTS PA Design Passes
MIL-STD-810

peak pulses per direction, using an
11 ms sawtooth pulse.

Empower’s tested and field-
proven design is common across
the company’s “Next Generation”
family of amplifiers. The amplifiers
incorporate a patented architecture
and reflect design goals to minimize
RF power losses along the internal
signal path, simplify manufactur-
ing and enable ease of servicing.
The design includes RF and digital
printed circuit board signal routing
that eliminates virtually every inter-
nal connector, RF cable and electri-
cal harness. This makes the amplifier
fundamentally rugged and reliable,
while improving the RF efficiency.

Understanding that connecting
external metering hardware will re-
duce the reliability of the overall PA
platform, Empowers engineers in-
corporated the external power sen-

sors, meter and data converters into
the amplifier. This improves reliability;
eliminates RF power losses associat-
ed with the external connector, cable
and coupler; and lowers system cost,
eliminating the need to purchase ex-
ternal metering equipment.

The consequence of this com-
pact, electro-mechanical structural
design with added instrumentation
is a COTS amplifier that is inher-
ently durable. Even if the applica-
tion does not require military “shake
and bake"” certification, the rugged-
ness protects the amplifier when it is
shipped—often many times during
its lifetime—and, let's face it, acci-
dents do happen.

JVENDORVIEW
Empower RF Systems
Inglewood, Calif.
www.EmpowerRF.com
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I M The 2018 IEEE MTT-S o e <
International Microwave Symposium

Connecting Minds. Exchanging Ideas.

It’s taking off! Can you handle 5G?
Register for the 5G Summit at IMS2018

The 5G Summit on Tuesday, 12 June 2018 at the Pennsylvania Convention Center in Philadelphia is an IEEE event that is
organized by two of IEEE’s largest societies — MTT-S and ComSoc. This special collaboration, for the second year running,
complements MTT-S’ “hardware and systems” focus with ComSoc’s “networking and services” focus. The one-day Summit
features talks from experts from industry, academia, and government on various aspects of 5G services and applications.
It’s further complemented by the 5G Pavilion at the IMS2018 exhibition where table top demonstrations and “fire-side” chats
are presented at the 5G theater.

5G Summit Speakers:

“Bringing the World Closer Together”
Jin Bains
Head of Connectivity, SCL, Facebook

“AT&T Perspectives on 5G Services”
David Lu
Vice President, AT&T

Other featured presentations from Huawei, GM, Keysight, NI, Global
Foundries, MACOM as well as academia will include following topics:
e Spectrum/Regulatory
e Infrastructure/Trials, Applications
e Technologies, Circuits, Systems
e Design, Test & Measurement Challenges
e Test-bed Services for 5G

Industry Co-Sponsors: Media Sponsor: . ; B iy,
4 y X Lunchtime Panel session on, “mmWave Radios in Smartphones:

NATIONAL Mich,,wave f A i ”
Mt IT(EE%%{S;G'E ﬂNSTRUMENTS” Journal What they will look like in 2, 5, and 10 years

For more information visit: https://ims2018.org/5g-summit

PENNSYLVANIA CONVENTION CENTER « PHILADELPHIA, PENNSYLVANIA, USA
Exhibition Dates: 12-14 June 2018 e Symposium Dates: 10-15 June 2018

(RN
@ Follow us on: f S in W E D AN

#iMS2018




CatalogUpdate

ATC Product
Selection Guide

ATC's Product Selection Guide is a
time saving tool that guides the de-
signer to a selection of RF Passive
Products, suitable for the application
frequency of interest. It is organized
by popular frequency range seg-

ments that are associated with dis- | «=iepropbucr

SELECTION GUIDE

tinct application categories. These &
categories include 0 to 30 MHz for ) v
HF, 30 to 800 MHz for Public Safety g %

Radio, 800 to 3500 MHz for UHF and

cellular and 3500 MHz to 100 GHz for microwave and mmWave.
Each range has a unique color-code that makes the selection pro-
cess user-friendly.

American Technical Ceramics (ATC)

http://atceramics.com/

New Catalog Update

Dow-Key® Microwave is the oldest
continuously operating switch manu-
facturer in the U.S. Today, the compa-
ny is part of the Microwave Products
Group, a subsidiary of Dover Corpo-
ration. Space business experts stress
the most critical aspect of supplier
selection is heritage. Just released is
the MPG Space Brochure which high-
lights and unifies the heritage, prod-
uct leadership and innovation of four
world-class brands to enable superior
space reliability under demanding conditions.

Dow-Key Microwave
www.dowkey.com

TEEunoLOn S
ierowave

New Brochure

K&L Microwave has been a key sup-
plier to space programs since the §
Apollo 17 lunar sounder experiment
in 1972. K&L has supported custom-
ers with high-reliability filter products
for integration into flight equipment,
providing bandpass, highpass, low-
pass and bandstop configurations. As
a supplier of custom filter products,
K&L has the expertise and resources
for determining how best to meet
customer space flight requirements.
A highly trained engineering staff utilizes specialized in-house and
purchased software tools to identify and realize advantageous de-
signs. Download their new brochure and find out how K&L can be
“Your Partner in Space.”

K&L Microwave
www.klmicrowave.com
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C5T STUDID SUITE €8T
M SIMULATION FOR AUTOMOTIVE
APPLICATIONS

EM Simulation for
Automotive Applications

JVENDORVIEW

Electronic components are increas-
ingly important in automotive sys-
tems, especially with the rise of hybrid
and electric mobility, autonomous
driving and V2X communications.
With the electromagnetic (EM) simu-
lation tools in CST® STUDIO SUITE®
vehicles can be evaluated using vir-
tual prototyping from the early stages
of the design process. CST STUDIO SUITE allows components to
be modeled both in isolation and integrated into larger systems
where their performance can be analyzed and optimized, and the
reliability and EM compatibility taken into account.

CST Computer Simulation Technology
www.cst.com

Updated Online Catalog
\YVENDORVIEW

Exodus Advanced Communications
has updated its website’s online cata-
log to reflect the new products they
have developed in recent months.
The updated search function can be
used to find the best match for your needs. Should you have a
custom product request, you can submit your requirement on
the company’s website at any time or via email at sales@exodus-
comm.com. The company’s engineering service group provides
full design support starting from the conceptual phase to proto-
type verification and full production capability.

Exodus Advanced Communications
www.exoduscomm.com

Frequency Sources Short
Form Catalog

General Microwave Corporation has
designed and manufactured cutting
edge microwave frequency sources
since 1987. This Short Form Catalog
includes sources ranging from free
running voltage and digitally con-
trolled oscillators to fast (1 usec) in-
direct synthesizers, company profile
and a wideband frequency modula-
tion applications and techniques tu-
torial. Specially featured is the Series SM60 family of fast indirect
synthesizers capable of analog and digital frequency modulation
while center frequency remains in the pure locked mode.

Kratos | General Microwave
www.kratosmed.com
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Hot New Products

JJVENDORVIEW

um -... il
This new 20 page product guide pro- -
vides a complete survey of Mini-Cir- E ES
cuits’ latest product releases from the (T
second quarter of 2017. Highlightsin- | = 553 L
clude everything from ultra-wideband o e
coaxial LNAs, multi-channel program- E ;
mable attenuation systems, high-
power stripline 90° hybrids, ultra-
wideband splitters up to 40 GHz and __
more. Mini-Circuits is continuously in- m
novating new products to meet your
needs, and this informative product line update will help you stay
up to date with our latest, coolest new model releases.

Mini-Circuits
www.minicircuits.com

High-Power Component
Catalog

RLC Electronics’ catalog includes
mechanical footprints and electrical
specifications for their high-power
component capabilities. RLC's high-
power capabilities include high-pow-
er SP2T and multi-position switches,
high-power filters (lowpass, bandpass |
and band-reject) and high-power
couplers, all up to 40 GHz. Units have
been tested and proven to withstand
the most severe environmental condi-
tions. RLC can also provide customized designs to meet specific
customer requirements not shown in the catalog.

RLC Electronics
www.rlcelectronics.com

New 2018 Catalog
\YJVENDORVIEW

Spectrum Instrumentation is a world-
leading manufacturer of digitizers and
AWGs, offering a perfect fit solution
for every customer at a fair price and
available from stock. How is this possi-
ble? Find out in the new 2018 catalog,

€ srecrum

which shows and explains all the ben- £3
efits of Spectrum’s unique, modular e

product design and their unique, five-
year warranty that makes them the so-

lution of choice for leading companies
and research institutes. The catalog is available as print or PDF at:
www.spectrum-instrumentation.com/en/contact-us.

Spectrum Instrumentation
www.spectrum-instrumentation.com

CatalogUpdate

2018 Product Catalog

Passive Plus Inc. (PPl) has released
its new 2018 Product Catalog show-
casing several new additions to their
expanding HI-Q capacitor library,
including new performance charts,
new capacitor sizes and an expanded
broadband capacitor line. The new
catalog is available for download on
their website. PPl manufactures high
quality, high-power passive compo-

nents using state-of-the-art manu- '
facturing techniques. Specializing in
magnetic and non-magnetic HI-Q capacitors product lines, PPI
supplies reliable quality components to the military, medical,
semiconductor, broadcast and telecommunications industries.

Passive Plus Inc.
www.passiveplus.com

New 2018 Main Catalog

Y)VENDORVIEW

SAGE Millimeter's 2018 Main Catalog
features 10 product families to offer
total component and subassembly
solutions for system integrations and
applications. The 10 product families
include antennas, amplifiers, frequen-
cy converters, control devices, ferrite
devices, oscillators, modules and sub-
systems, test equipment and wave-
guide passive components. Custom
designed products are also available
by contacting the sales department. Request a copy of their cata-
log at www.sagemillimeter.com.

SAGE Millimeter
www.sagemillimeter.com

Enhanced Product Catalog

SV Microwave just released their latest
Product Catalog which combines all
of their most popular series (Coaxial
Contacts, 2.92 mm, 2.4 mm, 1.85 mm,
SMA, SMP, SMPM and SMPS) into
one catalog. The company has also
added their cable assemblies. Each
part number in the latest version can
be easily purchased through distribu-
tion. Additionally, the digital edition
includes part number hyperlinks that
connect to their respective website
landing page. Each part number landing page shows stock avail-
ability and technical specs, allows the user to download the data
drawing, request a quote and more.

SV Microwave
WWW.svmicrowave.com

S\ICROWAVE

RF Interconnects
and Cable Assemblies
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NEW PRODUCTS

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

COMPONENTS

High-Power Symmetrical RF
Switch/Coupler

Aethercomm Model
#SSHPS/C 0.800-
3.000-150 is a high-
power symmetrical RF
switch/coupler assem-
bly which is employed
in EW systems where
high-power, low loss and excellent isolation
are required. A dual directional coupler is em-
ployed to measure forward and reflected pow-
er. This unit operates across the 800 to 3000
MHz range. CW power input is 150 W. This
switch operates from +28 VDC supply with
500 mA maximum current draw. Request SCD
70309 for all operating parameters.
Aethercomm

www.aethercomm.com

The Second Generation IC Family

Y/VENDORVIEW

Anokiwave announced
the next product in a
new family of second
generation 5G silicon
quad core ICs that en-
able 3GPP compliant
base stations with the
worldwide release of
the 28 GHz AWMF-0157 IC. The second gener-
ation IC family is part of Anokiwave’s on-going
strategy to enable the commercialization of
5G mmWave systems with silicon ICs. The
AWMPF-0157 operates at 26.5 to 29.5 GHz,
supports four radiating elements and includes
gain and phase controls for analog RF beam
steering.

Anokiwave

www.anokiwave.com

High Voltage Coupled Inductors

The LPD8035V pro-
vides 1500 Vrms, one-
minute isolation (high
potential) between
windings from a pack-
age that measures just
7.92 X 6.4 X 3.5 mm,
providing users with significant size and cost
reductions over conventional bobbin-wound
alternatives. It is ideal for Flyback, SEPIC

and isolated-buck converter designs. The
LPD8035V Series is currently offered in six in-
ductance values ranging from 4.7 to 150 pH.
It provides peak current ratings up to 2.7
Amps, which represents a 40 percent in-
crease over previous generation products. It
also has a tight coupling coefficient (= 0.97).
Coilcraft

www.coilcraft.com

High Cycle Switches

Dow-Key Microwave in-
troduces high cycle
switches. The SPDT
(401U- and 521U-se-
ries) and the transfer
(411CU-series) switch-
es offer the high-reliability expected from Dow-
Key with the improvement of 5X the life. This
is achieved through Dow-Key’s precise design
and tight manufacturing specifications. Pri-
marily used in the commercial market, these
switches have many applications including
commercial, wireless and SATCOM, on board
communication systems, antennas, Automatic
Test Equipment (ATE) and many other diverse
applications.

Dow-Key Microwave

www.dowkey.com

WZ-Series Filters
)VENDORVIEW

Exceed Microwave’s
WZ-Series bandpass
filters utilize super high
Q resonators, providing
very low insertion loss
while maintaining high
frequency selectivity.
Low insertion loss and the structural design
allows for higher power handling than any oth-
er waveguide filter. This is ideal for pre-select
filters for low NF as well as high-power trans-
mit filters. WZ-Series BPF is available in any
frequency up to V-Band.

Exceed Microwave
www.exceedmicrowave.com

Shielded Surface Mount RF
Inductors

Gowanda Electronics,
a designer and manu-
facturer of precision
electronic components
for RF and power appli-
cations, announces
the expansion of its SML32S series of wire-
wound, shielded, molded RF surface mount
inductors in the “1210” style. This expansion
increases the number of individual parts in
the series by more than 20 percent and
broadens the inductance range by adding val-
ues from 120 to 470 uH. The expansion was
done in order to address the market need for
higher inductance shielded inductors in RF
applications.

Gowanda Electronics

www.gowanda.com

1208 MHz Lowpass Filter

KR Electronics part #3337+ is a 1208 MHz
lowpass filter. The filter is a selective elliptic
type filter. The stopband starts at 1292 MHz
and is maintained to > 6 GHz. The filter is

supplied in a miniature
surface mount pack-
age measuring 0.20 X
0.30 X 0.18 in. Other
frequencies are avail-
able.

KR Electronics
www.krfilters.com

Two Stage Combiner

The M Wave Design
Corp. model
#90HPCA1201l is a
high-power 0° X-Band
8:1 two stage combin-
er network that weighs
just under 1 Ib and will handle eight each 2 Kw
peak/100 W+ average inputs. The rated output
power is 800 W CW out with an integrated 50 W
termination for phase imbalance reflection. The
input ports are SMA female and output is
WR9O0 choke flange (MIL-F-3922/59-006).

M Wave Design Corp.
www.mwavedesign.com

Broad Band (0.38 to 6 GHz) Low
PIM 10 W Loads
Y)VENDORVIEW

MECA’s new compact
low PIM (-170 dBc typ.)
10 W loads with ex-
tended frequency and
power handling capa-
bilities. Feature industry leading PIM verified
at 1900 MHz (+40 dBm) at -160 dBc min all
while handling full rated power to 85°C. All of
the terminations cover 0.38 to 6 GHz frequen-
cy bands in Type N, 4.3/10.0 and 7/16 DIN
interfaces. With VSWR’s of 1.10:1 typ./1.20:1
min (0.698 to 2.70 GHz) and 1.15:1
typ./1.25:1 Max (0.38 to 0.698 and 2.7 to 6
GHz). All in a compact package of 5.25 X
1.25 in. Made in U.S. with 36 month warranty.
MECA Electronics Inc.
www.e-MECA.com

SPDT Switch
Y/VENDORVIEW

Mini-Circuits’ MSP2TA
Series are ultra-reli-
able, rugged-duty ab-
sorptive fail-safe SP2T
switches designed in
break-before-make
configuration offering an ultra-long switching
life. Powered by +12 VDC, the device has a
typical switching speed of 20 ms, insertion
loss of 0.25 dB and high isolation of 80 dB.
The MSP2TA series are suitable for use across
a wide range of applications, including switch-
ing for automated test equipment and redun-
dancy switching.

Mini-Circuits

www.minicircuits.com
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Technical Education Training.........ccccoceceeeniinnen. 4/4 RF/Microwave Training.......c.cccceeerrreninnrennnnsnneen. 4/1

Electromagnetic Spectrum Operations
(EMSO) Challenges for Military Radar and
Electronic Warfare Systems

Sponsored by: Rohde & Schwarz

Technical Education Training.........cccccoceveeeeninnes 4/10
RF/Microwave Power and Noise Measurement

Sponsored by: Boonton/Noisecom

RF and Microwave Filters
Sponsored by: National Instruments/AWR

Signal Integrity Journal’s Webinar ................... 4/19
Best Design Practices for Systems with PDN
Noise Sensitive Designs Like PLLs, ADCs, and
DACs

Sponsored by: Rohde & Schwarz

Demystifying the 5G NR Physical Layer

Sponsored by: ROHDE&SCHWARZ

Presented by: Meik Kottkamp, Principal Technology
Manager, Test & Measurement Division; and Andreas Roessler,
Technology Manager, Rohde & Schwarz

microwavejournal.com/events/1735

Introduction to Radar

Sponsored by:
N

WNsTmers 0 Wolfspeed.

A CREE COMPANY

Presented by: Scott Bullock, Besser Associates

microwavejournal.com/events/1741

Getting Ahead with Particle Source
Simulation

CST

Sponsored by: 2
m s 28§ SIMULIA

Presented by: Dr. Monika Balk, Market Development
Manager, CST

microwavejournal.com/events/1744

PCB Materials and Processing
Considerations for Filter Design

Sponsored by: ROGERS

CORPORATION

Presented by: John Coonrod, Technical Marketing Man-
ager, Rogers Corporation, Advanced Connectivity Solutions

microwavejournal.com/events/1742




S) Ducommun

mmW Products
DC-110 GHz

Trust in Ducommun mmW
Products for all your high
frequency testing needs.
Ducommun offers a full
portfolio of millimeter wave
products up to 110 GHz.

Amplifiers

« Offering 0.03 to 110 GHz

* Low noise / high power

* Single DC supply / internal
regulated sequential biasing

* Broadband or custom design

Up/Down Converters

* Full waveguide band capability
* Low spurious / harmonics

* Low LO frequency & power

* Compact, lightweight

MMW mixer/multiplier/SNA

extender solutions

« K,Ka, Q, U, V, E, W full band

* Broadband and low harmonic/
spur

¢ Custom design

¢ Low cost solution

Transceivers

* TRXforK,Ka,Q,U,V,E&W
bands

* Integrated modular design

* High sensitivity / low cost

¢ Custom design per request

Pin Diode Switches

7% « SPST to SP8T configurations
"1z, * Nano second (ns) level
switching
* 0.03 GHz to 110 GHz
* Reflective and absorptive

For additional information contact our
sales team at:
310-513-7256 or rfsales@ducommun.com
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2-Way Splitter
VENDORVIEW

The MRFSP5725
2-way splitter is de-
signed for applications
that require small, low
cost and highly reliable
surface mount compo-
nents. Applications may be found in broad-
band, wireless and other communications sys-
tems. These units are built lead-free and
RoHS compliant. S-parameters are available
on request.

MiniRF

www.minirf.com

Surge Protectors

RF Superstore has ex-
panded their product
offering to include
surge protectors, com-
monly used on anten-
na installations to pro-
tect sensitive equip-
ment. The initial prod-
uct line is focused on N-Type surge protectors
with wide-band operating frequency ranging
from DC to 7 GHz, VSWR of 1.50:1, a maxi-
mum impedance of 50 Ohms, with an inser-
tion loss of < 0.5 dB.

RF Superstore

www.RFsuperstore.com

ngh -Power 18 GHz SPDT Switch

RLC Electronics an-
nounces the addition
of a high-power

18 GHz SPDT switch
with N connectors to
its product capabili-
ties. The switch can
handle 1000 W at
100 MHz, 200 W at 4 GHz and 125 W at
18 GHz, and provides high-reliability, long life
and excellent electrical performance charac-
teristics over the frequency range (including
high isolation). Options on the switch in-
clude operating mode (failsafe or latching)
and coil voltage (12 or 28 VDC), as well as
indicator circuitry and a TTL driver.

RLC Electronics

www.rlcelectronics.com

CABLES & CONNECTORS

Coaxial Cable

MHD Cable announc-
es spiral strip shield
flexible microwave
and mmWave coaxial
cable for up to 18,
26.5 and 40 GHz. For
the reference, the
company enclosed RF,
microwave, mmWave
cable parts list up to ~18, ~26.5 and ~40
GHz. They also offer RG flexible cable (RG-
142, RG-214), semi-flexible hand-formable ca-
ble (SF-141), semi-rigid cable (SR-085) based
on MIL-C-17 standard and customized special
cables, PTFE semi-finished core cables.

MHD Cable

www.mil-c-17.co.kr

l ;II|II|'||:J\'|.----

Removable End Launch Connectors
\‘D\/ENDORVIEW
_  Pasternack has re-
‘2 leased a new line of
i .p high speed end launch
/? connectors. These new
{_ removable end launch
", connectors are perfect
.a ¥ for signal integrity
measurements, copla-
nar waveguide, chip
evaluations, SERDES, substrate characteriza-
tion, 25 GbE and test fixture applications. Pas-
ternack’s new series of high speed end launch
connectors is comprised of four models that
provide VSWR as low as 1.10:1 and a maxi-
mum operating frequency of 40 to 110 GHz.
Connector options include 1 mm end launch
(110 GHz), 1.85 mm end launch (67 GHz),
2.92 mm end launch (40 GHz) and 2.4 mm
end launch (50 GHz).
Pasternack
www.pasternack.com

Connectors

Radiall has expanded
its range of RF passive
products equipped
with an SMP-LOCK®
interface for the space
market. This innovative
connector features an
easy and robust lock-
ing mechanism which dramatically increases
the retention force of the interface, prevents
accidental disconnection and saves signifi-
cant integration time. Radiall’s SMP-LOCK® is
a high performance interconnect solution at a
low cost. This connector is compliant with an
SMP interface and includes a unique quick
locking system to simplify installation and pro-
vide a secure connection.

Radiall

www.radiall.com

AMPLIFIERS

0.7 to 18 GHz Dual Band Amplifiers
J)VENDORVIEW

AR RF/Microwave put
two of their state-of-
the-art Class A amplifi-
ers in a single chassis,
and now you can go
from 0.7 to 18 GHz
with the reliability of
solid state designs.
With up to 60 W in the first 0.7 to 6 GHz band
split and up to 40 W output power in the 6 to
18 GHz split, the company put it together for
you in one package that costs less, weighs
less and takes up less space than two sepa-
rate amplifiers.

AR RF/Microwave Instrumentation
www.arww-rfmicro.com/html/ps-dual-band-
amplifiers.asp

Solid Power Amplifier Module
Y)VENDORVIEW

The AMP11108 state
power amplifiers cov-
ers the entire 1t0 8
GHz frequency range
at 40 W minimum and
high P1dB output pow-
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er rating. Operating off 32 VDC at 8 amp typi-
cal and covering three full octaves bandwidth
this Class AB linear module features built-in
protection circuits and high ruggedness in a
small form factor, lightweight housing. The
AMP1110A is suitable for CW, pulse and all
linear single channel modulation standards
and for applications such as TWT replace-
ment, communications and EW.

Exodus Advanced Communications
www.exoduscomm.com

High-Power GaN-on-SiC Transistor

Integra Technologies
announces the release
of a new full-matched,
GaN-on-SiC transistor
offering 50 W at 5 to

6 GHz. Designed for
pulsed C-Band radar applications, the
IGT5359L50 GaN-on-SiC HEMT transistor is
full-matched to 50 Ohms and supplies 50 W of
peak pulsed output power at 50 V drain bias.
This transistor cover the frequency range of
5.2 to 5.9 GHz with instantaneous response,
features 14 dB of gain and 43 percent efficien-
cy at 1 ms/15 percent pulse conditions.
Integra Technologies
www.integratech.com

DC to 35 GHz Amplifier

Gain, Output Power, PAE vs. Input Power @ 8.6
GHz, 7V -0.25 V Bias
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Marki Microwave now offers a versatile DC to
35 GHz amplifier in a bare die package, with
14 dB of gain and +22 dBm saturated output
power. The ADM-5974CH provides efficient op-
timized LO drive to all Marki Microwave mix-
ers, ideal for EW, clock distribution or test and
measurement applications. The design allows
for single-supply DC biasing for customer con-
venience or for optional negative bias to in-
crease even harmonic rejection and decrease
DC current consumption.

Marki Microwave Inc.
www.markimicrowave.com

Low Noise Amplifier

Y)VENDORVIEW

PMI model #PE2-30-
8R0O18R0-3R5-22-12-
SFF is an 8 to 18 GHz,
low noise amplifier
with a typical gain of
30 dB while maintaining a maximum gain flat-
ness of +1.5 dB over the operating frequency.
The typical noise figure is 3.5 dB and offers a
minimum OP1 dB of 20 dBm. The operating
voltage is +12 to +15 VDC with a maximum
current draw of 325 mA. This model is sup-
plied with removable SMA female connectors
in their standard PE2 housing.

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

[
®
° ° 9 ™
] v .

DA Series Attenuators

> Broadband Coverage*

= 30, 60 and 90 dB units with 0% dB steps
= USB-2.0 interface for'power and control
o Software driver/applic%tienlincl.uded._

Ll O O Wa O O avd
« High accuracy: + 0.5dB typical
« Fast switching speed: <100ns
« Rugged Construction
- Applications: Base Station, Broadband Telecommunications,
Microwave & VSAT Radios and Military

Visit our new website with interactive catalog and online RFQ!

| WEINSCHEL
ASSOCIATES

BROADBAND RF

MICROWAVE

SOLUTIONS

19212 Orbit Drive
Gaithersburg, MD 20879
Voice: 301.963.4630

Fax: 301.963.8640
RF@WeinschelAssociates.com

Passives with a Passion for Performance

%MiniRF

MiniRF is a proven leader in supplying high performance
surface mount RF passive components at competitive
prices for existing and emerging Broadband/CATV and
Wireless Communications Systems.

MiniRF components are used in many of the world’s
largest suppliers of communications products with
nearly a billion units shipped.

Standard & Custom Components

COUPLERS TRANSFORMERS

500&750 Pregision inductors

' Small, low cost,

and highly reliable
surface mount
couplers found in
Broadband / CATV
Communications

Contact us for design support
www.minirf.com | sales@minirf.com | (408) 228-3533

2.5 GHz BW, 2/384
way power splitters
designed for both
50 & 75 ohm
applications.

supporting a wide
range of applications
with impedance /
ratios of 1:1, 1:4, i
1:8,1:16. f

& chokes with wire
diameters from
0.060~5mm single

& miultilayer, air-core, ¥
coil configurations.
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Low Noise Amplifier

Y)VENDORVIEW

Model SBL-
1834232840-KFKF-
E3 is a low noise am-
plifier with a typical
small signal gain of 28
dB and a nominal
noise figure of 4 dB

across the frequency range of 18 to 42 GHz.

The DC power requirement for the amplifier is
+12 VDC/240 mA. The input and output port
configurations are both female K connectors.

X-Band 4ch beamforming IC

RMF020035PA
RMF050065PA
RMF080100PA
RMF090100PA
RMF090100PA4CH
RMF120160PA
RMF140160PA
RMF150170PA
RMF040160PA

RMF060180PA

www.rfcore.com | sales@rfcore.com
+82 31 708 7575 | +1 949 407 7809

Other port configurations are available under
different model numbers.

SAGE Millimeter
www.sagemillimeter.com

SUBSYSTEMS

16 x 16 L-Band Distributing Matrix
with 20 Outputs

DEV is introducing a
new L-Band Distribu-
tion Matrix in its prod-
uct portfolio. The Ma-
trix can be configured with up to 16 input and
20 output channels and fits in a compact 2

\/
16ch TRM by machine placement
Aone

CMOS Beamforming ICs

2~3.5GHz / Gain: 6dB / 6-bit PS/Att

5.0~6.5GHz / Gain: 8dB / 6-bit / PS/Att

8~10GHz / Gain: 27dB / Pout: 18dBm / 6-bit PS / 5-bit Att
9~10GHz / Tx/Rx Gain: 27/17dB / Psat: 18dBm / 6-bit PS / 5-bit Att
9~10GHz / Gain: 13.7 / 10.2dB, Psat: 16dBm, 6-bit PS, 5-bit Att
12~16GHz, Gain : 2dB, Psat : 0dBm, PS/Att

14~16GHz, Gain: >5dB, 6-bit PS/Att

15~17GHz, Gain: >5dB, 6-bit PS/Att

4.0~16.0GHz, Gain: 10dB, 6-bit TTD/Att

6~18GHz, Gain : >4dB, 6-bit TTD/Att

RU chassis. The 162 (DEV 1985) provides a
high degree of flexibility: the number of input
and output channels can be changed; con-
nectors and impedances can be configured
even after purchase. In addition to electrical
and optical inputs, the 162 supports variable
gain and slope. It comes with a local user in-
terface and provides many more helpful fea-
tures.

DEV Systemtechnik GmbH
www.dev-systemtechnik.com

SYSTEMS
2 to 18 GHz Wideband Transceiver

Norden Millimeter in-
troduces the NUDC2-
18/1.3-2.3 wideband
microwave transceiver
in a low-SWaP 3U
module. The NUDC2-
18/1.3-2.3 includes
internal LOs which pro-
vide an instantaneous IF bandwidth of 1 GHz
and exceptional noise figure: down-converter
NF = 6 dB max, up-converter NF = 15 dB max.
Both the RF and IF paths include variable at-
tenuation. The NUDC2-18/1.3-2.3 is digitally
controlled by RS-485.

Norden Millimeter

www.nordengroup.com

SOURCES

Calibrated Noise Sources

Fairview Microwave
Inc. has introduced a
new line of calibrated
noise sources most
commonly used as a
precision reference
source to measure
system level noise fig-
ure. Specific applica-
tions may involve increasing the dynamic
range of analog to digital converters by dither-
ing and reducing correlated noise, system and
component wireless testing, signal simulation,
evaluating analog and DOCSYS CATV systems
and simulation of RF jamming systems for
missile guidance.

Fairview Microwave Inc.
www.fairviewmicrowave.com

Hybrid Voltage Controlled

Oscillators
day’s military, industri-

al and commercial

markets. They hybrid designs incorporate sili-
con bipolar transistors and hyperabrupt varac-
tor tuning diodes to give broad bandwidths,
reduced phase noise and low post tuning
drift. RFE can offer any possible frequency
output from 500 MHz to 20 GHz with octave
bandwidths available. The case of reconfigu-
ration allows great control of all VCO parame-
ters to meet your critical design needs.

RFE Inc.

www.RFE-mw.com

RFE’s broadband VCOs
are designed to meet
the challenges of to-
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High Performance 20 GHz Signal
Source

SignalCore’s high per-
formance 20 GHz VCO-
based synthesized sig-
nal source is cost ef-
fective, compact and

. designed for seamless
- integration. With fre-
quency spanning 100 MHz to 20 GHz (1 Hz
resolution), low phase noise of -115 dBc/Hz
at 10 kHz offset at 10 GHz carrier and ampli-
tude step resolution of 0.01 dB over a -30 to
+15 dBm output range, this product is ideal
for R&D, academic, military and commercial
applications. Full implementation instructions
and GUI included. Available in USB, SPI, RS-
232 and PXle.
SignalCore Inc.
www.signalcore.com

1.5 to 3.2 GHz Low Noise VCO

The DCM0150318-5 is
a small, half inch
square VCO covering
the greater-than-octave
tuning band from

1500 to 3200 MHz
with a tuning voltage
of +0.5 to +20 VDC.
With a bias voltage of +5 V at 30 mA, this low
noise, voltage tuned oscillator will deliver a
minimum buffered output power of +7 dBm.
The wide tuning range gives a typical low phase
noise of -93 dBc/Hz at an offset frequency of
10 kHz and -153 dBc/Hz at 10 MHz offset is
ideally suited for automated assembly.
Synergy Microwave Corp.
www.synergymwave.com

ANTENNAS

Small Form Factor Antenna

Y)VENDORVIEW

RFMW Ltd. announces design and sales
support for small form factor antenna from
Southwest Antennas. The 1001-202 is a
half-wave dipole, omni antenna for 2.1 to

2.5 GHz applications. Measuring only 4.29 in.
in height, it offers 2.15 dBi of peak gain. The
antenna features a tough, black, G10
fiberglass radome and a black-chrome,
TNC(m), non-rotating, RF connector making
the antenna ideal for low-visibility or tactical
applications such as tactical hand-held radios,
body-worn radio systems, unmanned robotics
platforms and other applications where size
and weight are critical.

RFMW Ltd.

www.rfmw.com

EXTREMELY LOW PHASE NOISE

JebFREEbREcEraaebunE.
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Wenzel Associates, Inc.

2215 Kramer Lane, Austin, Texas 78758

512-835-2038 e sales@wenzel.com
www.wenzel.com

ME-BOOK

GPS/GNSS Intorfor -
Challenges and Solutions

i Peave
Journal

| Jiirnal RIS

P

i

Download Now at

mwjournal.com/ebooks
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TEST EQUIPMENT

S-Series Multi-Purpose RF Test
System

Elite RF is proud to in-
troduce the new and
innovative S-Series
multi-purpose RF test
system. It is a flexible
alternative to expensive and bulky RF test
equipment and can be used in a multitude of
applications/settings, such as an ATE factory
application. Independent control of each RF

system allows for maximum test flexibility and

the system can be connected to a larger moni-

tor for viewing multiple windows at the same
time. The S-Series also comes with a two year
warranty and is made in the U.S.

Elite RF

www.eliterflic.com

RF and Microwave Power Sensor

Y)VENDORVIEW

The LB680A is a 50 MHz to 20 GHz RF and
microwave power sensor designed for pulse
measurements. In addition to average power,
the sensor makes triggered pulse measure-
ments and provides a time domain plot of the
pulse power profile. The sensor also makes
statistical pulse measurements including

oy
w;

Model BMC928958-1000
1000 Watts, X-Band, Pulsed
Solid State Power Amplifier Module

B High Output Power Dynamic Range

B RF Input & Output Sample Detectors
W Pulse Width and Duty Factor Protection
B Thermal and Load VSWR Protection

W Optional Digital Interface for Control &
Status Monitoring

8kW to

X-Band Transmitter
TWT replacement

M Reconfigurable/Custom Packaging
W Air, Ground, or Ship Applications

Y

16kW
Available

QOur Latest Generation
Gallium Nitride (GaN)

Amplifier for X Band
Radar & Data Links

COMTECH PST introduces its latest
Gallium Nitride (GaN) amplifiers for
applications in the X-Band Radar and
Data Link markets.

The amplifier design features include
options for control of phase and
amplitude to allow for integration
into high power systems utilizing
conventional binary or phased array
combining approaches for power
levels of up to T00KW.

Contact us today with your
requirements and specs.

Comtech...meeting needs,
exceeding expectations.

= OMIECH

POWER SYSTEMS TECHNOLOGY | | J ]| iH

Comtech PST - 105 Baylis Road, Melville, NY 11747

Tel: (631) 777-8900 « Fax: (631) 777-8877 » www.comtechpst.com « sales@comtechpst.com

Hill Engineering Division - 417 Boston Street, Topsfield, MA 01983
Tel: (978) 887-5754 « Fax: (978) 887-7244 - www.comtechpst.com/hill - sales@hilleng.com

= peak and pulse power.
. __ The sensor utilizes a
10 MHz video filter,
making it ideal for
many applications in-
cluding radar, loT,
manufacturing test
and more.

LadyBug Technologies
www.ladybug-tech.com

Smart Power Sensor

YJVENDORVIEW

Mini-Circuits’ PWR-8P-RC is a compact sensor-
head that turns any PC into a high perfor-
mance power meter for peak and average
measurements of CW and pulse modulated
signals. The sensor has an 80 dB input dy-
namic range and wide bandwidth, allowing
measurement of RF powers down to -60 dBm
over 10 to 8000 MHz. The USB HID interface
is “plug and play” compatible, meaning no
driver installation is required, while the addi-
tional Ethernet interface allows remote power
measurements over a network.

Mini-Circuits

www.minicircuits.com

Moveable OTA Test Chamber
)VENDORVIEW
e The new R&S ATS1000
f antenna test chamber
from Rohde & Schwarz
allows developers and
production engineers
‘ to perform over-the-air
" (OTA) measurements
for 5G on their anten-
na modules, transceiv-
ers, chipsets and wireless devices. Antenna
and transceiver measurements are possible
in the frequency range from 18 to 87 GHz.
The system therefore supports all mmWave
frequency bands currently considered for 5G.
The compact test chamber makes it possible
to measure mobile devices in the far field.
Rohde & Schwarz
www.rohde-schwarz.com

Headless RF Spectrum Analyzer

Signal Hound has an-
nounced the SM200A
20 GHz headless RF
spectrum analyzer and
monitoring receiver for
applications ranging from loT and 5G cellular,
to military, aerospace, spectrum manage-
ment, automotive and radar. Optimized for
performance, flexibility, space and cost, the
SM200A lowers the cost of entry to high-end
spectrum analysis while delivering precisely
what is required for the most demanding pro-
duction-line and spectrum monitoring RF anal-
ysis applications.

Signal Hound

www.signalhound.com
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MICRO-ADS

TRANSIENT IMMUNITY : :
Silver Conductive System

The Avtech AVRQ series of high-voltage, one component M Béoos

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

Unstable optocoupler
DUT logic output!

5 Vidiv T

-1.5 l;V pulse from
model AVRQ-5-B,
with < 10 ns fall time.

500 V/div
40 ns/div

* Coating for EMI/RFI shielding

Avtech Electrosystems Ltd. o Temperature resistant up to 700°F
http://www.avtechpulse.com/

AVTECH ¢ MASTERBOND
Nanosecond Electronics Since 1975 +1.201.343.8983 * www.masterbond.com

Micf@?wave i+
Journal MiEREWATSInC!
HIGHEST QUALITY FILTERS |
Advances in Radar, Test
and Integration FOR ANY

FEBRUARY 2018

APPLICATION OR ENVIRONMENT

NATIONAL
SPONSORED BY INSTRUMENTS'

916 672 6356 4

£

Micr@wave
AL FIUE-BOOK

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

» Super low noise RF
amplifiers

» Broadband low noise
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Design and
Applications of
Active Integrated
Antennas

his comprehensive new resource

I guides professionals in the lat-
est methods used when design-

ing active integrated antennas (AlA)
for wireless communication devices for
various standards. This book provides
complete design procedures for the
various elements of AIA, such as the
matching network and the amplifier/
active element as well as the antenna.
This book offers insight into how active
integration and co-design between the
active components (amplifier, oscillator,
mixer, diodes) and the antenna can pro-
vide better power transfer, higher gains,
increased efficiencies, switched beam
patterns and smaller design footprints.
It introduces the co-design approach of

Design and Applications of Active Integrated Antennas

Mohammad S. Sharawi and Oualid Hammi

AIA and its superior performance over
conventional methods.

Complete design examples are giv-
en of active integrated antenna systems
for narrow and wideband applications
as well as for MIMO systems. Readers
find the latest design methods for nar-
row and broadband RF matching net-
works. This book provides a complete
listing of performance metrics for active
integrated antennas. The book serves
as a complete reference and design
guide in the area of AlA.

Contents: Impedance Matching
Methods; Amplifier Design; Antenna
Fundamentals; Active Integrated
Antennas; A Co-Design Approach for
Designing AlA.
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hen is an antenna not an antenna? The ques-
tion may be a riddle but the answer, namely
Fractus Antennas’ Virtual Antenna™, is a seri-

ous phenomenon—a design that challenges the recognized
perception of the make-up of antennas used for mobile and
loT applications. However, this technological breakthrough
was not developed by an army of boffins in a large laboratory
in Silicon Valley but by a focused, dedicated team housed in
bright, sunny facilities on a technology park in the hills just
outside Barcelona, Spain.

Avisit to the facility not only presented the opportunity
to see the set-up firsthand but also to meet one of its
founders, Dr. Carles Puente. His first research into fractal
antennas came as a student and researcher at the Univer-
sitat Folitécnica de Catalunya (UFPC).

In 1999, a fellow student at UPC, Ruben Bonet, was look-
ing to start a company. This not only coincided with Carles’
ambition to develop his work commercially but also the
evolution of multiband technology. He explained, “We were
developing the right technology at the right time, saw the
potential for this technology worldwide and so founded the
company with help from investors from all over the world."

The company, called Fractus, was active in developing and
selling fractal-based antenna products. In 2009, the busi-
ness was changed into a dual operation with one side selling
products, the other selling licenses. However, these licenses
were infringed by a number of phone manufacturers, which
led to Fractus bringing lawsuits for patent infringement.
These were all settled in the company’s favor.

Consequently, in July 2015, the company was split into
Fractus S.A., dealing with the licensing side, and the forma-
tion of a new and independent company called Fractus
Antennas SL, in its current form. The whole Fractus Anten-
nas operation is run out of the Barcelona facility with key
account managers in Taiwan and India and several worldwide
distribution partners, including Richardson RFFD.

While the facility might have a small footprint, the pro-
cesses and capability for prototyping, testing and validat-
ing is extensive, including both chemical and mechanical pro-

totyping labs. Antenna simulation tools such as CST, [EZD
and Microwave Office are used, together with Gerber file
importation and analysis. There is a full RF lab with the lat-
est VNAs and two anechoic chambers, including a SATIMO
Stargate 32, for active testing of smartphones, alongside a
BlueTest reverberation chamber.

Armed with these capabilities, Fractus Antennas
develops its Virtual Antenna technology that enables the
packaging of full multiband mobile antenna performance in a
5 mmby 5 mm by 5 mm chip antenna component, featuring
antenna-less technology based on a hew generation of tiny
components known as antenna boosters.

Being considerably smaller than the operating wavelength,
antenna boosters provide full functional multiband wireless
connectivity and fit any device form factor and design.

Carles explained, “Fractus Antennas’ architecture offers
flexibility to accommodate multiple bands, whether it is 4G,
5G or MIMO. Or the same component can be used for mobile,
Bluetooth or GFS. It is more like microwave engineering than
antenna engineering and gives electronic and microwave
engineers the means to migrate into the antenna field and
the wireless space more easily.

“Our aim is to deliver tiny, off-the-shelf, standalone com-
ponents that provide designers with the flexibility to use
them in a way not previously possible. This means that chip
antenna components can be incorporated on the mother-
board like any other component. So the antenna is no longer
an outcast!”

As for the future, Carles believes that smartphones will
evolve to antenna-less solutions, yet is realistic enough to
know that if this technology is going to be pervasive, Fractus
Antennas cannot be the only supplier. So, licensing will be the
next option and despite past experience, Carles is unfazed,
stating, “You can't just be in your cave inventing technology;
you need customer feedback and interaction to develop. We
need to deliver the message to the industry that we want
to share our antenna-less technology with other supply
partners and are ready to do so.”
www.fractusantennas.com
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Electronic Design Innovation
Conference & Exhibition

Where high frequency meets high speed.

Call for Abstracts is Now Open

Deadline: May 31

October 17-19, 2018

Santa Clara Convention Center
Santa Clara, CA

Be a part of the educational conference focused on what engineers need to know to solve
today’s technical challenges: EDI CON USA.

All accepted and submitted papers considered for an Outstanding Paper Award and
eligible for publication online in Microwave Journal and/or Signal Integrity Journal.

Planned Tracks: Amplifier Design

RF & Microwave Design Signal Integrity

Mobile Front End Design Power Integrity

Low Power RF & loT EMC/EMI

5G Advanced Communications  Simulation & Modeling
Broadband Networks Test & Measurement
Radar & Defense mmWave

EDI CON is where high-frequency meets high speed: what's similar,
what's different, and how we can learn from each other.
See you in Santa Clara!

www.EDICONUSA.com

component and system simulation  materials/PCB boards  devices and foundry services  components
cables and connectors  testand measurement  verification ~ RF and microwave  5G  loT

DYt Brotected and otovided] for Derearial Use BRIV notof L eoroauction ¢
G il dise wfily




@ WERLATONE’

TRUE RMS IN-LINE POWER METERS

v No Calibration Required
v 40 dB Dynamic Range

Instantaneous & Simultaneous

e Local and/or Remote Monitoring

e Forward Power Reading/Monitoring (Watts or dBm)
* Reverse Power Reading/Monitoring (Watts or dBm)
» VSWR Reading (Watts, Return Loss, Rho)

VSWR Alarm
e Alarm Level Set By Customer
e Customer can Set Up Audio/Visual Alarm via Alarm
Relay Contacts
« Signal Sent to Closed Loop

Temperature Monitoring (with Alarm)
¢ One Sensor, Internal Measurement, within Power Meter

e One Sensor, External Measurement, To Be Placed By
Customer

General Purpose Inputs (6 ea) Multiple Use
e Eg. Track Switch Closures (Assign to Interlock Group)
e Eg. Trigger Alarm Relay (Sends Email Alert)
e Eg. RF Presence Status/Alarm (Safety Feature)
e Eg. Alarm, Activated Switch

Accessories
e Single Channel and Multi-Channel Displays
(1U Rack, Graphical User Interface)

« RF Digital Dashboard Spreadsheet Software,
(Simultaneously Monitor Outputs of 30+
Power Meters)

e PC Based Graphical User Interface Windows

XP/7/8/10 Compatible

17 Jers Barrelt Roag Patterson, NV 12502

Werlatone, Inc.

v Optimal Accuracy
v Compact & Easily Transportable

Accuracy
e + 1% to Customer Calibration Standard, at
Preselected Frequencies
e + 5% over a Multi-Octave Bandwidth

* Werlatone Calibration Traceable to (NIST)
National Institute of Standards and Technology

Power
» AC Power Adapter (100/240 50-60 Hertz V AC)

 POE (Passive Over Ethernet, Optional POE Injector
Kit Available)
« Via RS485 (Via Single Channel or Multi-Channel Displays)

Interface (Via)
o TCP/IP - SNMP and Browser Interface via Local Area
Network
e RS232, Serial
o RS485 - Form Addressable Serial Network
e User ID and Password Protected for Access and Control

o Multiple units can be Networked and Simultaneously
Monitored On-Site or Remotely (TCP/IP/SNMP/Serial)

& RoHS Compliant Design Available
& Custom Connector Configurations Available

W WERLATONE — =
)

LEETRE Ty



