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Introducing our new
Common Mode Choke Finder

Common Mode Choke Finder

Recommended chokes

[} 23

. { eecclie

Search and compare hundreds of
common mode choke options in
four easy steps.

Step 1: Search parts by Impedance,
Attenuation or Inductance at your
operating frequency.

Step 2: View results in a sortable
table with complete performance
specifications and select parts for
further analysis.

\&/ wilcrafidirect.com
@® O Nonm

in order. Next day delivery.

Step 3: Make direct comparisons
of up to six components on single
impedance and attenuation graphs.

Step 4: Request free samples of =
the most interesting parts for @&
evaluation and testing. 'c’f’ S;

29

It’s that Simplé!

Try it at coilcraft.com/CMCfinder.

WWW.COILCRAFT.COM
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The new |
R&S®SMW?200A '
GNSS simulator

The R&S®SMW200A is the new tool of choice when it comes to
advanced, complex and demanding GNSS testing. It can be operated
as a pure GNSS constellation simulator or even used for realistic
coexistence testing by generating GNSS, noise and interference
signals at the same time. With its hardware extension options and

its powerful capabilities to simulate multiconstellation, multifrequency,
multiantenna and multivehicle scenarios, the R&S*SMW200A covers a
wide variety of high-end GNSS applications.

Find out more: www.rohde-schwarz.com/ad/GNSS-solutions
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Front-end Modules (FEMs) for Internet of Things, Connected Home and Wearables

Applications include smart watches, fitness trackers, wireless headphones, in-home appliances,
smart thermostats, alarms, lighting, sensors and more.

| Low-Power Bluetooth® Low Energy Front-end Modules Delivering Range Extension

Part Number Frequency Range (GHz) Current Consumption Output Power (dBm) Tx Gain (dB)
SKY66110-11 2.400to 2.500 10 mA @10 dBm

| Front-end Modules Delivering Range Extension

Part Number Frequency Range (GHz) Tx Output Power (dBm) Wide Supply Operation Tx Current Consumption
SKY66115-11 0.400to0 0.510 25to3.6V 67 mA @20 dBm

Bluetooth® Low Energy and ZigBee® Front-end Modules Delivering Enhanced Performance

Part Number Frequency Range (GHz) Tx Output Power (dBm) Tx Gain (dB) Rx Gain (dB) Rx Noise Figure (dB)
SKY66112-11 2.400to0 2.500 2

2
2
2

For more information, please visit us at www.skyworksinc.com

sales@skyworksinc.com | USA:781-376-3000 | Asia: 886-2-27350399 | Europe: 33 (0)143548540 | NASDAQ:swks | [IEIE2E]
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HIGH-PERFORMANCE, QUALITY
AMPLIFIERS WITHOUT THE WAIT!
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MULTI-OCTAVE
LOW-NOISE MODE

MEDIUM-POWER
MODELS

TABLETOP INSTR
LOW-NOISE MODI

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

L3 Narda-MITEQR 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/083c

L3T.COM

( AEROSPACE SYSTEMS
ELECTRONIC SYSTEMS

COMMUNICATION SYSTEMS

TEChnOIOgies SENSOR SYSTEMS

Narda-MITEQ
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NI AWR DESIGN ENVIRONMENT

SIMPLY SMARTER

5G WIRELESS

NI AWR Design Environment is one platform integrating system, circuit, and
electromagnetic analysis for the design of 5G communications systems.
Supporting wireless standards like 5G and proprietary waveforms, the software
enables designers to quickly build virtual communications systems and evaluate

benefits and drawbacks, as well as share IP from design through to test.

Simply smarter 5G design.

Learn more at awrcorp.com/5g

VNATIONAL
’ INSTRUMENTS

©2017 National Instruments. Al ights reserved Visual System Simulator | 56/Wireless Communications Systems Design
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Transient Immunity Testers from AvTECH 30, 50 and 100 Volt Lab Pulsers

The Avtech AVRQ series :....;. Unstable optocoupler
of high-voltage, high-speed DUT logic output!
pulse generators is ideal 5 V/div
for testing the common- | =
mode transient immunity  Jaans: freeet
(CMTI) of next-generation 500 V/div,} ... -1-5 KV pulse from

optocouplers, isolated gate | 40 nsidiv | ModelAVRQ-SE,

o .
| Bt ok,
SeTtling St

... with <10 ns fall time.. § g !
drivers, and other B . S
semiconductors. el TR Avtech offers an extensive P
R T oo series of user-friendly 30, 'TR: 69 ns
+ Kilovolt amplitudes (+1, 1.5, -2 kV) 50 & 100 Volt general- 20V /DIV
+ Transition times down to 10 ns, dV/dt rates up to 120 kV/us purpose lab pulsers. We '100ns/DIV
+ Switchable daughterboards to handle a variety of DUT package styles can provide an alternative | AV-1010-B
+ GPIB, RS-232 ports standard for the discontinued Agilent |}/ : e —
+ Ethernet/ VXI optional 8114A or HP214! i .

Model AV-1015-B: 50 Volts, 10 MHz

Model AV-1010-B: 100 Volts, 1 MHz, 25 ns to 10 ms,
10 ns rise time

Model AV-1011B1-B: 100 Volts, 2 ns rise time

Model AV-1011B3-B: 30 Volts, 0.5 ns rise time

Variable baseline and burst mode options and output
currents to 8 Amps with accessory transformers.

Nanosecond Electronics Nanosecond Electronics
Since 1975 Since 1975
Pricing, manuals, datasheets and test results at: Pricing, manuals, datasheets and test results at:
http://www.avtechpulse.com/semiconductor http://lwww.avtechpulse.com/general

Nanosecond Laser Diode Drivers

With Butterfly Diode Sockets 2 2 R (T U S

To Pulse
Driver

Output module with
a socket-mounted

butterfly-packaged
diode installed. T
Avtech has pioneered the _—
To TEC g(e)slin of user—tfrletndly 2 tto e e
Controller mp constant curren 4usiDIV |
pulsers. We offer over 35 . TR:8.1ns......
models in five series for laser M e
diode, air bag, squib, fuse and " Model |
Each of the 19 models in the other applications. The basic e . AV-107CB e
Avtech AVO-9 series of specifications are as follows:
pulsed laser diode drivers
includes a replaceable output
module with an ultra-high- |
speed socket suitable f%r use Series LV PW TR
i g B with sub-nanosecond rise AV-107 2-20A,60V 0.2-200us | 10-30 ns
BN T time pulses. Models ;Néth AV-106 | 5-100A,100V | 0.5us-1ms |50 ns-1us
e L T e T ;SLT\S N AV-108 [12.5-200A,100V| 2us-1ms | 5-15us
L ; G .. widths from 400 ps to 1 us. AV-109 10-100A,5V 10us-1s 10 us
Model AVO-9A-B GPIB. RS-232. and Ethernet AV-156 | 2-30A,30V | 1us-100 ms | 0.2-50 us
40 mA/DIV contrél availab]e,
1 ns/DIV Avtech has a long history of producing one-of-a-kind custom units.
T SO S
AVTECH AVTECH
Nanosecond Electronics Nanosecond Electronics
Since 1975 Since 1975
Pricing, manuals, datasheets and test results at: Pricing, manuals, datasheets and test results at:

http://www.avtechpulse.com/laser http://lwww.avtechpulse.com/current
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BETTER COMMUNICATION SOLUTIONS

MECA 5G Products & Equipment

MECA Electronicsidesigns and manufacturesian extensive
line' of RE/Microwavel Equipment andi componentsswith
industry leading) performance includingiBrATSS Equipment;
Llow PIM Products; suppors i5G & Millimeter=Wave, Power
Dividers & Gombiners; DirectionallétHybridiGouplers; Fixed
& Variable Attenuators, RE Merminations;
Circulators/isolatorsiE DEIBIOCKSR N BIaslees,Adapiers s
JumpersaModelstavailablesinNndusiiyscommonFconnector
styles:i Ny SMAF2I92mm NG BNGHY /165457915180 458/110:0
DINSastwellFasfr@MAT Reverser Polaritys SMASING and
Varous mountingisolutions:

Satcom, mmWave

Public Safety
Homeland Security

& Military

Attenuators/Terminations

0.4 -40 GHz
SMA & 2.92
MIL-DTL-15370 Available

Up to 40 GHz

SMA, 2.92, QMA, N, TNC,
BNC, RPSMA, RPTNC, 4.1/9.5,
4.3/10.0 & 7/16 Up to 150 watts

Equipment & Enclosures
y El%4GE

5 MHz - 40 GHz
SMA, 2.92, QMA, N, TNC, BNC,
RPTNC 4.1/9.5 & 7/16
MIL-DTL-23971 Available

Integrated Assemblies,
NEMA Enclosures IP67/68 &
EN 50155

e-MECA.com
Since 1961

Power Divider/Combiners

Tel: 973-625-0661

Sincel1961FMECAEIectronics (MicrowaverEquipment &
GomponentstoffAmerica)rhas servedithe!RE/Microwave
industny S withisequipmentisandspassivescomponents
coyvering Hz tor 408 GHz2MECATIsE al privately. held
ISEI001E20088 G ertified, = globali==designers and

manufactirersforthes communications industrys with
producistmanufaciurediinithierUnited StatesioffAmerica:
Welstockiproducisisoithatyouldoinot needio:

—

AMER, EMEA
D.A.S

AeronuuliccllSpaoe
Transportation

Circulators/Isolators

Low PIM Couplers

Up to 40 GHz 0.698 to 2.7GHz
SMA, 292, N, &7/16 3,6,10&20dB
Up to 250 watts IP67/68, 500 watts

Low PIM Attenuators Low PIM Terminations

50 & 100 Watt
6, 10, 20, & 30 dB
N, 4.1/9.5/ 4.3/10.0 & 7/16 DIN
IP67/68

10 watts - 250 watts N, 4.1/9.5,
4.3/10.0 & 7/16 DIN, IP67/68

MECA Electronics, Inc.
Microwave Equipment & Components of America
The Professional’s Choice for RF/Microwave Passive Components EiE
459 E. Main St., Denville, NJ 07834
Fax: 973-625-9277
Sales@e-MECA.com

[=]
Bﬂnu .iawnve
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The Truste\\ Name in High

X-Band Satcom / Radar Chip-set Solution

IF, L-BAND MIXER  PRE-AMP DRIVER POWER AMP

& TX7.9-8.4 GHz

MULTIPLIER vco
LO DRIVERS

LIMITER

<—<<—Q‘

IF GAIN BLOCK MIXER  GAIN BLOCK LNA
MAAL-o11130

RX 7.25 - 7.75 GHz




Test & Measurement
f o= ' . | Public & Military Radios
: | Satellite Communication
Industrial, Scientific & Medical

A | Civil & Defense Radar

Performance RF

MACOM Delivers the industry’s
leading portfolio of DC-100 GHz MMICs.

MAAL-o01m1130 Broadband Low Noise Amplifier For over 65 years MACOM design and application experts

Ideal for X-Band Satellite Communication have driven RF, Microwave and millimeterwave innovation.

Receivers and Wideband A&D Systems Our engineers are delivering a new generation of wideband,
high-performance MMICs for Test & Measurement,
SATCOM, A&D, Wired Broadband and ISM applications.

Our broad MMIC product offering includes Power Amplifiers,
Mixers, Gain Blocks, VCOs and Switches. These devices
enable optimal performance, bandwidth, packaging and
reliability to meet your most demanding applications.

Gain (dB)

Only MACOM delivers:

> Design & Applications Expertise
> Proven Technical Support
> Superior Device Performance
6 8 10 1 > Scalable & Assured Supply
Frequency (GHz)
VDD=5V  VDD=3.3V VDD=5V  VDD=3.3V
- Gam N

MACOM.

Partners from RF to Light

Learn more at:
www.macom.com/mmics
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ON MICROWAVES&RF.GCOM

Metamaterials Provide Novel At orvo, Big Expectations
EM Capabilities for GaN

Metamaterials have been under study for several decades due Qorvo systems engineer Bror Peterson discusses several
to their novel electrical characteristics and becoming more topics in regard to 5G communications, ranging from galli-
practical with the growing use of 3D metal printing. um-nitride technology to module integration, filter require-

ments, and more.
http://www.mwrf.com/materials/metamaterials-provide-
novel-em-capabilities http://www.mwrf.com/semiconductors/qorvo-big-
expectations-gan

Software Centricity Seeks Cables and ConnectorsHead
to Make the Impossible for Higher Frequencies

POSSI ble While they can’t match the low loss and power handling of
waveguide, coaxial cables and connectors are climbing the
This software-centric platform helps solve today’s difficult frequency ladder to cope with anticipated 5G applications.

challenges by allowing for productivity through abstraction,
software interoperability, comprehensive data analytics, and
the efficient management of distributed systems.

http://www.mwrf.com/components/cables-and-connectors-

head-higher-frequencies

http://www.mwrf.com/software/software-centricity-seeks- A, | n
make-impossible-possible twitter.com/MicrowavesRF  facebook.com/microwavesrf
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MICROWAVE MICROWAVE
COMPONENTS MMICS MODULES

Broad Range of Products Up to 40 GHz Reliable Products up fo 40 GHz
up to 40 GHz

Power Amplifiers

T Modules &

Tl T ——

Multiplexer Assemblies

Swiiched Multiplexers

Switches

MICROWAVE GROUP

Tel: 90-312-5926000 Fox: 90-312-5926006 rehismarketing@aselsan.com.ir a s e I S a n
www.aselsan.com.tr

@ ASELSAN is a Turkish Armed Forces Foundation company.


http://www.aselsan.com.tr
mailto:rehismarketing@aselsan.com.tr

. lmm$11\(9qf5y 20)
3x3mm MMIC

0.5 to 8GHz

fmm$15 4 (‘2[y5 1-9)

Rugged connectorized package
0.75x0.74 x 0.46"

LOW NOISE AMPLIFIERS

IN/OUT Termination Matched!

Low noise, high dynamic range, high output power, and flat gain from 0.5 to 8 GHz, all
in a single amplifier! Mini-Circuits’ popular ultra-wideband LNAs are now available in both
a 3x3mm QFN for your PCB and a rugged connectorized package to facilitate your cable
assemblies. Both models are matched over the 0.5 to 8 GHz range*, making them a snap
to use for sensitive, high-dynamic-range receivers, instrumentation, defense systems, LTE,
WiFi, S-Band and C-Band radar, SatCom and more! They’re available off the shelf for a great
value, so visit minicircuits.com and place your order today for delivery as soon as tomorrow!

*See datasheet for suggested application circuit for PMA3-83LN+

TFlatness specified over 0.5 to 7 GHz
- - - - ®
[ JMini-Circuits

FEATURES:

¢ Low Noise Figure,1.3dB

* High Gain, 21dB

* Excellent Gain Flatness,+0.7dB 1
* High IP3, +35 dBm

e High POUT, +23.2dBm

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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Editorial
CHRIS DeMARTINO | Technical Editor

chris.demartino@penton.com

Will Startups
pe the Key
ngredient
to 5G’s
Success?

Startup companies are developing innovative
technology that could ultimately bring them to the
forefront in the 5G arena.

t’s no surprise that a large number of established companies are playing major

roles in hopes of ultimately enabling next-generation 5G networks. However,

that begs the question: “What part will startup companies embrace in this 5G
game?” While the big names may seem to get all of the attention when it comes to
5G (and rightfully so), the opportunity is ripe for startup companies to make a big
impact as well.

It would be wise to pay attention to what these startup companies have to offer—a
number of them are invested in developing technology solutions for 5G. Since 5G
still is not defined, startups could assume essential roles in making it a reality.

One startup focused on 5G communications is PHAZR (www.phazr.net), which
has developed a solution known as Quadplex. This technology utilizes millimeter-
wave frequencies for the downlink while using sub-6-GHz frequencies for the
uplink. The company believes its technology can enable “high-performance, cost-
effective, and power-efficient 5G systems”

Another startup company fixated on 5G is Movandi (www.movandi.com; see
Qe&A on pg. 84). The company works extensively with millimeter-wave frequen-
cies—its BeamX front end integrates RF, antenna, beamforming, and control algo-
rithms into a modular, 5G millimeter-wave solution. Movandi’s goal is to help accel-
erate 5G deployments and grow the market faster.

Startup GenXComm (www.genxcomm.com; see “Imagine Life Without Interfer-
ence” on mwrf.com) has also thrown its hat into the 5G ring. With its simultaneous
self-interference cancellation (S-SIX) technology, the company is targeting the 5G
market, among others. There’s also NYC-based MilliLabs (www.millilabs.com),
which is focused on channel sounding and channel emulation.

While startup companies may be small in size compared to the established firms,
they nonetheless have the chance to significantly impact the 5G landscape. Time will
reveal just how much influence they will carry in enabling the next-generation of
wireless communications. Perhaps
some of the companies that rise to
the top in the 5G space will be those
you have never even heard of. [
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X - BAND HP LIMITERS

8-12 GHz, 100 Watt CW,
1 KW Peak

. High power protection 100W CW

and 1 KW peak (1 microsec pulse
width)

. Very low leakage level (+10 dBm typ.)
. Low insertion loss and VSWR.

. Ideal for Radar Application

. Fast recovery time, 1 Microsec Typ.

. Built-In DC Block @ input and

output.

. Hermetically sealed module
. Removable connectors for surface

mount installation.

pical Performance @ + 25 Deg.
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POWER
&  SPLITTERS/
+  COMBINERS

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

wr

COVERING 10 to 40 GHz
IN A SINGLE MODEL

2-WAY ZN2PD-K44+
4-WAY ZN4PD-K44+
8-WAY ZN8PD-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’
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We're Ready When You Are... Next Day Delivery

CUSTOM DESIGNS

designs for subassemblies.

Custom designs are a Waveline specialty. If you don’t
see the product or design in our catalog, we probably
have your “special” in our design files. Waveline now
offers a complete line of Pin Diode Switches, Attenu-
ators & Phase Shifters. Waveline has the expertise
and capabilities to integrate waveguide and solid-state
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ilt to your speclflcatl ons!

Input Limiter Protedlon Detectors/TTL & More““'

¢ Unconditionally Stable (100% tested)

OCTAVE BAND LOW NOISE AMPI.IFIERS_

Model No. Freq 6Hz)  Gain (@) MIN  Noise Figure (dB) Power-out@pid8 3rd Order [P VSWR
CA0T1-2110 0.51.0 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm 2.0:1
CA12-2110 1.0-2.0 30 1.0 MAX, 0.7 TYP.  +10 MIN +20 dBm 2.0:1
CA24-2111 2.0-4.0 29 1.1 MAX, 0.95TYP  +10 MIN +20 dBm 2.0:1
CA48-2111 4.0-8.0 29 1.3MAX, T.OTYP  +10 MN +20 dBm 2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX T.4TYP  +10 MIN +20 dBm 2.0:1
CA12184111  12.0-18.0 25 T.9MAX 1.7TYP  +10 MIN +20 dBm 2.0:1
(A1826-2110  18.0-26.5 32 3.0 MAX, 25TYP  +10 MIN +20 dBm 2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA0T-2111 0.4-05 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA0T-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
(A23-3111 2.2-24 30 0.6 MAX, 0.45TYP  +10 MIN +20 dBm 2.0:1
(A23-3116 2.7-2.9 29 0.7 MAX, 0.5T +10 MIN +20 dBm 2.0:1
CA34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20 dBm 2.0:1
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20 dBm 2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20 dBm 2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20 dBm 2.0:1
(A13153110  13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20 dBm 2.0:1
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm 2.0:1
(A34-6116 =05 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm 2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm 2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm 2.0:1
CA1213-7110 12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm 2.0:1
CA14157110  14.0-15.0 30 5.0 MAX 4.0 TYP +30 MIN +40 dBm 2.0:1
(A1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31 dBm 2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq GHz  Gain (d@8) MIN  Noise Figure (d8)  Power-out @ P18 3rd Order [P VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN 0 dBm 2.0:1
CA0106-3111 0.1-6.0 28 1.9 Max, 1.5 TYP +10 MIN +20 dBm 2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20 dBm 2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32 dBm 2.0:1
(A02-3112 0.5-2.0 36 45 MAX, 2.5 TYP +30 MIN +40 dBm 2.0:1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20 dBm 2.0:1
CA26-4114 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 +33 dBm 2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1
CA2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20 dBm 2.0:1
CA2184110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30 dBm 2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq GHz)  Input Dynamic Range  Output Power Range Psat  Power Flatness dB - VSWR
(LA24-4001 2.0-4.0 -28 to +10 dBm +7 to +11 dBm +/-1.5MAX  2.0:]
(L1A26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-1.5MAX  2.0:1
(lA712-5001 7.0-12.4  -21to+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
(lA618-1201 6.0-18.0  -50 fo +20 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq G4z Gain (d8) MIN  Noise Figure (@8)  Power-out@p1d8 Gain Attenuation Range VSWR
CA00T-251TA  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 2.0:1
CAQ5-3110A 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 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A 13.75-15.4 25  2.2MAX 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A 15.0-18.0 30 30MAX, 2.0TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq GHz  Gain (d8) MIN  Noise Figure dB  Power-out@P18  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20 dBm 2.0:1
CA001-2211  0.040.15 24 3.5 MAX, 2.2 TYP +13 MIN +23 dBm 2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33 dBm 2.0:1 _
CA001-3113  0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0:1 @i
CA002-3114  0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30 dBm 2.0:1 -
CA003-3116  0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35 dBm 2.0:1
(A004-3112  0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25 dBm 2.0:1 1
CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering. wireless

Ciao Wireless, Inc. 4000 Via Pescador, (umm:i'_l'i'oi CA 93012
Tel (805) 389-3224 Fax (805) 389-3629 sales@ciaowireless.com
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Book Review
JACK BROWNE | Technical Contributor

Master the Basics of MM-Wave Amplifier Design

SO FAR IN 2017, no part of the electromagnetic (EM) spectrum has
arguably received more attention in this industry than the millimeter-
wave region. The bandwidth is there and available for 5G wireless
networks and automotive electronic systems, provided the industry
can find the ways to deliver cost-effective components.

One of the more vital of millimeter-wave components is the pow-
er amplifier (PA), since it provides the means of boosting signals
levels that are often fairly low at those high frequencies (30 to 300
GHz). Fortunately, a newly launched “Basics of Design” white pa-
per sponsored by National Instruments AWR Corp. (www.awrcorp.
com), “Raising the Levels of 5G Millimeter-

Digital Attenuators

Wave Signals,” provides all the essentials
of designing millimeter-wave PAs. In an
age where time to market can mean the
difference between success and failure,
this Basics of Design stresses the impor-

tion tools.

-
tance of working with modern computer-
aided-engineering (CAE) software simula-

Freq. Range Insertion Loss VSWR Least Operating
(GHz) (dB) max. (dB) max. Significant Bit Power (max)
Digitally Controlled Analog Attenuators, 64 dB, 8 Bits
4.00-8.00 6.0 2.00:1 0.25 <=0dBm
8.0-12.40 6.0 2.00:1 0.25 <=0dBm
6.0-16.00 6.0 2.00:1 0.25 <=0dBm
6.0-18.00 6.5 2.00:1 0.25 <=0dBm
Linear Voltage Controlled Analog Attenuators, 64 dB
4.0-8.0 5.0 1.9 - <=0dBm
8.0-12.4 5.0 2.0 - <=0dBm
6.0-16.0 5.0 2.0 - <=0dBm
Switched Bit Digital Attenuators, 64 dB, 8 Bits
0.50-1.00 3.7 2.00:1 0.25 + 20 dBm
1.00-2.00 4.0 2.00:1 0.25 + 20 dBm
2.00-4.00 6.5 2.00:1 0.25 + 20 dBm
Switched Bit Digital Phase Shifters, 360°, 8 bits
0.50-1.00 4.5 1.80:1 1.40 + 20 dBm
1.00-2.00 4.5 1.80:1 1.40 +20 dBm
2.00-4.00 6.0 1.80:1 1.40 + 20 dBm

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

MICROWAVE CORPORATION

© www.pulsarmicrowave.com

While derivation of fundamental design
equations, such as impedance-matching
relationships for PAs, is still an excellent
way to learn about the critical relation-
ships among transmission lines, passive
components, and active semiconductor
devices in a PA circuit design, such soft-
ware tools benefit from proven device and
component models. They can provide 10
or more looks at different PA configura-
tions in the time that those fundamental

Model equations are still being solved (if they are
Number .
being solved).
DAT-19 The National Instruments’ Basics of
DAT-21 Design on PA design provides a practical
DAT-23 starting point on understanding key dif-
Gl ferences between amplifiers for 30 GHz
AAT-25 and above and for amplifiers at lower
AAT-27 frequencies. It also provides insights into
AAT-29 system-level issues as viewed by service
S providers such as Verizon, detailing that
DAT-17 company’s 5G downlink model and how
DAT-18 it impacts the design of a millimeter-wave
amplifier for 5G.
Bg:; If 5G has been top of mind, then this
DST-13 is an important piece of literature for your

collection. It includes information on EM
simulations, load-pull and source-pull
analysis, and the use of vector network an-
alyzers (VNAs) for characterizing 5G PAs.
“Raising the Levels of 5G Millimeter-Wave
Signals” can be downloaded at hitp.//
www.mwrf.com/test-measurement/raising-
levels-5g-millimeter-wave-signals. Tl

48 Industrial West, Clifton, NJ 07012 | Tel: 973-779-6262 - Fax: 973-779-2727 | sal
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Improve Measurement Accuracy and Detection Sensitivity
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The LTC5596 provides accurate RF power measurement covering a wide frequency range from 100MHz to 40GHz, over
temperature variations and wide signal levels-regardless of signal type or modulation waveforms, including OFDM, high
order QAM, multi-carrier and radar signals.
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Qualcomm Chip Connects Cars to

INTERNET AND EACH OTHER

ast year, the Obama administration proposed a rule

that would require cars to broadcast their location and

nabling safety functions like lane-change warnings

and collision avoidance. Officials said that the mandate could
reduce crashes and traffic.

Instead of chatting over cellular networks, the rule targets ded-
icated short-range communications (DSRC), which lets nearby
cars know each other’s location. But because the fate of the regu-
lation is still unclear, chipmakers are making compromises.

Last month, Qualcomm announced its first modem chip for
connected cars, which not only uses cellular connectivity for
telematics and other applications that require lots of bandwidth.
It also supports D.S.R.C. so that vehicles can talk with traffic

N

20

lights, smartphones, and other vehicles without having to con-
tend with dead zones.

The C-V2X, which stands for cellular vehicle-to-everything,
can be installed into a vehicles cellular modem. But it can work
without using networks operated by Verizon or other wireless
carriers. It sends flurries of short DSRC messages to other cars
within a 100-foot radius.

The messages ride the 5.9 GHz wireless spectrum, which the
Federal Communications Commission has saved for automo-
tive safety applications since 1999. The messages do not contain
any information on the owner of the vehicle, make or model, or
license plate. Vehicles broadcast these anonymous missives 10
times per second.

i1 _{
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Doing so allows cars to quickly spread alerts about nearby
accidents, veer around vehicles braking suddenly, or sense
other cars speeding around blind corners. Many experts say
that DSRC could spot dangers missed by other sensors like lidar,
radar, and cameras that act like the eyes of autonomous cars.

To send detailed messages further, Qualcomm’s chip also
uses 4G networks. That way, companies can remotely cure
security glitches without resorting to costly recalls and send
camera images into the cloud, where specialized software can
stitch them together into digital road maps.

Audi and France’s PSA Group signed onto test the C-V2X
chips, which also support global satellite navigation. Qual-
comm will start sampling the chip to customers in 2018 and
expects it to enter production vehicles by 2019.

The mandate, which transportation officials proposed late
last year, could be enacted as soon as 2019. It would require all
new cars and small trucks to be capable of DSRC communica-
tions starting in 2021. Officials said that vehicle-to-vehicle
communications (V2V) could eliminate 80% of crashes that

do not involve alcohol or drugs.

The rule has faced skepticism and opposition in recent
months. The cable industry has lobbied to open the 5.9 GHz
spectrum for other applications, while startups have argued
that increased regulation hurts the market for self-driving
cars. Others say that the rule lacks strong security guidelines
and therefore should be loosened.

Qualcomm has also taken issue with the mandate. The
company said in public comments that the proposed rule
made DSRC the “de facto technology winner.” It would pay
less attention to 5G technology, which could support automo-
tive applications as soon as next September when the first 5G
standard—Release 15—is scheduled to be finished.

It is still unclear if the rule will survive at all. The Trump
administration has taken a harsh view of regulation and
aggressively rolled back rules enacted in Obama’s term. In
addition, President Trump has still not nominated anyone to
lead the National Highway Transportation and Safety Admin-
istration (NHTSA). ®

PROTECTING CONNECTED CARS From Themselves

ANSYS, WHICH SELLS popular tools for simulating and ana-
lyzing antennas, announced that it had acquired Compu-
tational Engineering International, whose software creates
realistic views of simulation data destined to be logged in
databases or plotted on graphs.

The company’s flagship software, called Ensight, is used
for computational fluid dynamics, which can replicate wind
curling over car bodies and visualize chemicals swirling
through an oil refinery. But ANSYS views that software as
a platform that could extend to its entire product portfo-
lio, including tools that predict how electromagnetic fields
sprout from antennas.

In an interview, Mark Hindsbo, vice president of ANSYS’
design and platform business unit, did not promise specific
product changes. But he offered examples of what could be
done with Ensight integrated into electromagnetic tools like
HFSS, which uses mathematical programs called solvers to
flag emissions and coupling issues.

For example, engineers could clearly see how antennas inside
drones react to pockets of interference and wireless dead zones.
The visualization tools could make it easier to assess how antennas
installed on cars cope with interference in cities. Hindsbo said that
some partners had already used Ensight and ANSYS electromag-
netic solvers together.

“But that is not a product plan, not something we are going
to ship tomorrow,” Hindsbo said, adding that both companies
were meeting this week to discuss what simulation tools —other
than those for computational fluid dynamics —could benefit from
Ensight’s visual prowess.

GO TO MWRE.COM

ANSYS already runs post-processing on its simulation data, but
it is not on the same level as CEl’'s software. Going forward, the two
businesses will plan products together closely, Hindsbo said.

Still, microwave and radio frequency engineering seems ripe for
the Ensight treatment. As cars and factory equipment start chatting
wirelessly, engineers are increasingly using simulation software for
antenna prototyping and placement. But these simulations can
generate terabytes of data, which CEl’s software could make easier
to understand.

CEl, which split from supercomputing firm Cray in 1994, has
only 28 employees but more than 750 customers in markets like
aerospace and automotive. The company, based in Apex, N.C.,
sells software that turns complex data generated by simulations

(Continued on page 24)
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News

ANSYS SIMULATES ANTENNAS Mounted on Cars and Airplanes

ANSYS UPDATED ITS core software to faithfully simulate how wire-
less signals react to colliding with trees and buildings as well as
hitting patches of electromagnetic interference and rainfall.

The tweaks to the company’s software come as engineers face
challenges to understanding the nature of millimeter waves. These
high-frequency bands are incapable of passing through walls and
grapple with other shortcomings. But they are considered vital for

5G communications. Automotive radar systems also harness them
to sweep roads for potential dangers.

The updates are not limited to Ansys’ electromagnetic soft-
ware. Mark Hindsbo, vice president of the firm’s design and
platform business, said in a statement that the software provides
“enhanced speed and accuracy —enabling more users, no matter
their level of experience, to reduce development time and increase
product quality.”

FASTER, QUIETER, SMALLER

SIGNAL SOURCES

QUICKSYN SYNTHESIZERS

Design smaller and more efficiently
with National Instruments QuickSyn
synthesizers. The revolutionary phase-
refining technology used in QuickSyn
synthesizers enables blazing fast
switching speeds, very low spurious
and phase noise performance, wide

frequency range, and small footprint.

ni-microwavecomponents.com/quicksyn

‘7 NATIONAL
’ INSTRUMENTS'

© 2016 National Instruments. All rights reserved.

Ansys added shooting-and-bouncing-
ray algorithms to its electromagnetic tool
HFSS, which uses sophisticated solvers
to flag emissions and coupling issues. The
latest solver visualizes the performance
of antennas mounted onto airplanes and
cars, which are difficult to simulate without
lots of processing power.

Ansys also now includes better visual-
ization and modeling of antennas, which
helps engineers find the ideal location for
them inside gadgets or large structures
like ships. The firm also rolled out an RF
link analysis tool that shows how interfer-
ence hampers radio waves. It can assess
the effects of rain, buildings, atmospheric
absorption, and statistical signal fading.

The software is another tool with which
engineers can chart the behavior of mil-
limeter waves, which are particularly
susceptible to signal fading over long
distances. Ansys is not alone in trying to
make that evaluation process easier: In
June, Remcom added diffuse scatter-
ing prediction to its radio propagation
software.

Other changes also shave down the
complexity of meshing, which entails
laying triangular cells on models to prep
them for simulation. Ansys added what it
calls broadband adaptive meshing, which
automates the ability of HFSS to refine
and optimize the mesh using information
taken from a device’s frequency spec-
trum.

Also new are enhanced circuit simula-
tion capabilities. Ansys allows engineers to
assemble an electronic system with pack-
aging, sockets, printed circuit boards, and
connectors in three dimensions. Then,
the entire system can be subjected auto-
matically to electromagnetic and transient
circuit analysis. H
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PRECISION
ATTENUATORS

2Wio 100W

50 W & 100W
models

\ BW-V Series
R — 50 GHz models

DC-50 GHz ..:29%...

Customers trust Mini-Circuits BW-family precision fixed attenuators for accuracy, reliability, and
repeatability. Now, we’ve expanded your choices by adding the BW-V series, covering even more
applications from DC up to 50 GHz! With fixed attenuation values from 3 to 20 dB, these new,
ultra-wideband models feature 2.4mm connectors and provide outstanding attenuation accuracy,
excellent VSWR, and RF power handling up to 1W. Our full “BW” family of fixed precision attenuators
now includes over 70 models with attenuation values ranging from 1 to 50 dB and power handling
from 1 to 100W to meet your requirements with performance you can count on.

Visit minincircuits.com for free data, curves, quantity pricing, designer kits, and everything
you need to find the right BW attenuator for your needs. All models are available off the shelf
for delivery as soon as tomorrow!

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com 5i8revE

) RoHS compliant
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Broadest Selection of
In-Stock RF Switches

3

Surface Mount

+ Coaxial, Waveguide and Surface Mount
options available

+ SPST thru SP12T and Transfer
configurations

* Frequencies from 10 MHz to 110 GHz
¢ All in-stock and ship same-day

Fairview Microwave

RF COMPONENTS ON DEMAND. W!
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(Continued from page 21)

into animations that run in simulated real-
world environments.

“The next generation of products will
not be built without simulation up and
down the product development cycle,
from early concepts to digital twins that
run until production,” Hindsbo said. CEl’'s
tools will help apply that data more intel-
ligently and present it visually, so that both
engineers and executives can grasp it,
he added.

ANSYS has already been moving
toward simulating antennas in the vir-
tual world. Two years ago, the company
acquired Delcross Technologies, whose
software lets users not only analyze indi-
vidual antennas and other parts but also
simulate how those parts can affect the
ability of a smartphone or car to transmit
and receive data.

CEl's software could shed light on a
further question: “How do the electro-
magnetics change if you alter the layout
of a fighter jet or car now that you are
bouncing between geometry and electro-
magnetics and the environment?” Hinds-
bo said. “Those are places where you can
speculate on the effects of visualization.”

ANSYS—which last year generated
$988.5 million from selling software used
to design everything from rockets and
bridges to wearables and airplanes—did
not reveal the terms of the deal.

“Joining ANSYS will give our cus-
tomers access to the best engineering
simulation technology on the planet, and
EnSight will help ANSYS users make
faster, smarter decisions,” said Anders
Grimsrud, CEl’s president, in a statement.
“It's a win-win.” B

BROADCOM STARTS TO SUPPORT New Wi-Fi Standard

BROADCOM ANNOUNCED ITS first series of
chips for routers, enterprise access points,
and smartphones based on a new Wi-Fi
standard, which uses multiple antennas
to make space in spectrum for wireless
gadgets.

The new standard, more commonly
called 802.11ax, will not be agreed upon
until around 2019. But chipmakers like
Broadcom and Qualcomm have run with
early drafts of the standard, which in some
ways reflects the fact that Wi-Fi remains the
primary window to the internet for billions
of people.

“Our reliance on Wi-Fi has increased tre-
mendously as we stream live experiences
over social media and upload pictures
and files to the cloud while also connect-
ing the many ‘things’ around our homes,”
said Greg Fischer, Broadcom'’s senior vice
president of broadband carrier access, in
a statement.

The new standard involves coordinat-
ing multiple antennas, which send multiple
streams of data into devices. An individual
stream is split again with orthogonal fre-
quency division multiple access, or OFD-

MA, the same technology used by cellular
networks. In contrast, earlier types of Wi-Fi
created multiple streams but assigned only
one to each device.

The standard, which is compatible with
legacy protocols, creates a wider pipe-
line for information and eats through less
power and spectrum. It aims to provide
better coverage and faster loading times in
apartment buildings, offices, stadiums, and
other locations crowded with smartphones
and other gadgets.

Broadcom, which has started sampling
the chips to companies like Netgear and
Microsoft, was not first out of the gate. It
fell behind Quantenna, a scrappy competi-
tor that began sampling a pair of 802.11ax
chips in the wake of an initial public offering
that raised $107 million late last year.

Broadcom hopes that its three products
will inspire customers to create new Wi-
Fi routers, gateways, enterprise access
points, and smartphones that fit the stan-
dard. Competitors could also contribute to
the larger market: In February, Qualcomm
also announced its first range of 802.11ax
chips. B
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The Right RF Parts.

Right Away.
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R&D Roundup

RFID SYSTEM HELPS TRACK Sensitive Materials

ADIO-FREQUENCY-IDENTIFICATION (RFID) technol-
Rogy is familiar to most users for its use as the embed-

ded “chip” that serves as a security device for many
electronics-based applications. The technology is now also
being applied by Argonne National Laboratory to ensure the
accountability and security of sensitive materials, including
radioactive and hazardous materials.

The ARG-US RFID-based electronic system developed
by Argonne is a remote-sensing system for monitoring and
tracking nuclear and other sensitive materials. The system
uses battery-powered RFID tag sensors to remotely monitor
the vital parameters of packages containing sensitive materi-
als. The system was originally developed to support the U.S.
Department of Energy (DoE) in modernizing the lifecycle
management of nuclear materials, in the process providing
enhanced security, safety, and sustainability.

The basic design of the system is a three-chamber module,
with the main chamber housing a motherboard and antenna,
and additional chambers holding a 10-year battery power sup-
ply and a dosimeter printed-circuit board (PCB). The form

factor of the system is designed to be compatible with a wide
range of packaging formats. It has also undergone radiation
endurance testing, ensuring good long-term reliability even
when in close proximity to radioactive materials. The suite of
sensors within the ARG-US system includes seal integrity, ra-
diation, temperature, humidity, and shock sensors. It features
a flexible design that can be expanded to include additional
Sensors.

The ARG-US RFID system is supported by several special-
ized software applications, including for on-site monitoring
and for active monitoring while transporting sensitive materi-
als. The system has undergone extensive testing at various sites
and has shown the capability to monitor thousands of drums
of sensitive materials via secure RF/Ethernet communications
links. Any unusual actions regarding stored or transported ma-
terials will trigger an alarm for immediate action. The infor-
mation about the material in drums is stored in data tags and
archived in servers for convenient access and reference.

See “RFID System for Management of High-Risk Materi-
als,” Tech Briefs, Vol. 41, No. 8, August 2017, p. 38.

INP HEMT TECHNOLOGY Enables 850-GHz Receiver and Transmitter

BANDWIDTH IS EVERYTHING, even for short-distance communica-
tions, and the terahertz frequency range promises a great deal
of bandwidth to those who can realize practical communications
devices to send and receive information. With that motivation, re-
searchers at Northrop Grumman Corp., with funding from the
DARPA THz Electronics Program and U.S. Army Research Labora-
tory (ARL) under DARPA contract HR0011-09-C-0062, developed
receiver and transmitter front ends using a new generation, 25-nm
indium phosphide (InP) high electron mobility transistor (HEMT) pro-
cess capable of direct low-noise and power signal amplification at
850 GHz.

The receiver has two front-end low-noise amplifiers (LNAs) fol-
lowed by a downconverting subharmonic mixer (SHM). The mixer
translates the frequency band from 830 to 865 GHz to an interme-
diate-frequency (IF) range of 16 to 51 GHz, with the mixer driven
by a local oscillator (LO) multiplier chain. The LO channel uses a
45.22-GHz input frequency which is then multiplied by a factor of
nine to an output frequency of 407 GHz. The transmitter uses an
upconverting SHM to translate frequencies from the IF range to the
RF range. Three amplifiers are used to provide signal amplification
and power gain, resulting in as much as —-2.2 dBm output power
from 830 to 865 GHz.

Measurements at these high frequencies were made with a
number of test sets and accessories—mainly an 8510XF vector
network analyzer (VNA) from Agilent Technologies (now Keysight
Technologies) for microwave measurements from 10 to 110 GHz,
along with WR1.5 and WR1.0 waveguide frequency extender test
sets to make signal measurements at 500 to 700 GHz and 750 to

1000 GHz, respectively. The VNA measurements were calibrated
using on-wafer thru-reflect-line (TRL) calibration kits.

To make this terahertz monolithic integrated circuit (TMIC) tech-
nology practical, the researchers realized the importance of devel-
oping a packaging technology that would enable low-loss transfer
of signals from semiconductor chips to package waveguide input
and output ports. The packaging approach does away from wire-
bonds and the losses they impose at such high frequencies. Tran-
sitions between the chip conductors and the package ports are
formed by using a reactive-ion-etching (RIE) process.

The front-end receiver LNA is an impressive design of itself, us-
ing a 10-stage common-source configuration to achieve high gain
at 850 GHz. Each stage employs a transistor with 10-um gate pe-
riphery. Because of the short wavelengths at such high frequen-
cies, the line lengths for the interstage matching networks are quite
short—typically only 10 to 15 pm or about 19 to 30 deg. electrical
length at 850 GHz. Coplanar-waveguide (CPW) transmission lines
are used for the matching circuitry, with on-chip EM transitions
used to directly interconnect the TMIC with the waveguide ports.
The LNA exhibits peak gain of about 14.8 dB at 830 GHz and 13.6
dB at 850 GHz, with about a 12-dB noise figure. It draws 45 mA
from a +1.2 V dc supply, for power dissipation of about 55 mW.

The TMIC is an impressive design and points to the possibilities
of creating practical device solutions at terahertz frequencies for
medical, industrial, and commercial communications applications.

See “850 GHz Receiver and Transmitter Front-Ends Using InP
HEMT,” IEEE Transactions on Terahertz Science and Technology,
\Vol. 7, No. 4, July 2017, p. 466.
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SUPER ULTRA WIDEBAND

Ultra wide coverage and super flat gain make our ZVA family ideal
for ECM, instrumentation, and test systems. With output power up
to 0.5 Watts, they’re simply some of the most usable amplifiers you'll
find, for a wide range of applications and architectures!

All of our ZVA models are unconditionally stable, ruggedly
constructed, and able to withstand open or short circuits at full
output. For more details, from data sheets to environmental ratings,
pricing, and real-time availability, just go to minicircuits.com!

All models IN STOCK! ) RoHS compliant

AMPLIFIERS

up to +27 dBm outpuit... 0.1t021GHz

n I2995

FElectrical Specifications (-55 to +85°C base plate temperature)

Model Frequency Gain P1dB  IP3 NF  Price $ *
(GHz) = (dB) (dBm) (dBm) (dB) (Qty.1-9)

ZVA-183WX+  0.1-18  28+2 27 35 3.0 1479.95
NEW! ZVA-183GX+  0.5-18 27+2 27 36 3.0 1479.95
ZVA-183X+ 0.7-18 261 24 33 3.0 929.95
ZVA-213X+ 0.8-21  26x2 24 33 3.0 1039.95

*Heat sink must be provided to limit base plate temperature.To order
with heat sink, remove “X” from model number and add $50 to price.

Wideband Performance

183W+
183G+
183+

213+
| | | | | |

01 05 07 08 Frequency (GHz) 18 21
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Annual Salary & Career Report
CHRIS DeMARTINO | Technical Editor

201/ Microwaves & RF

SALARY
& CAREER
REPORT:

For Better or Worse,
in 2017

he 2017 Microwaves & RF Salary & Career

Report revealed that the RF/microwave indus-

try is relatively stable when comparing the

results with those from 2015 and 2016. For
example, the average base salary among respondents was
$109,533 in 2015. In 2016, that number increased slightly
to $110,844. This year, the average base salary was reported
to be $112,840.

In addition, 12% of respondents reported some level of
job dissatisfaction in 2015, with that number decreasing
to 10.3% last year. This year, the percentage of respondents
who are dissatisfied with their job is even lower at 9.2%.
Furthermore, 9% were actively seeking a new position in
2015. Last year, that number was reported to be 8.5%. This
year, only 6.4% said they are actively seeking new employ-
ment.

A CALL FORYOUTH

The striking similarities between the results from this year
with the results from the last two years reveal another signifi-
cant aspect of the industry. Specifically, 55% of respondents
were age 55 and older in 2015. Last year, 40.2% of respon-
dents were age 60 and older, while 44.2% of respondents in
this year’s survey are in the same age bracket. While we are

28

More of the Same

surely thankful for this age demographic in the engineering
profession, it also does suggest that the industry is in major
need of younger engineers.

Specifically, the percentage of respondents under the age
of 35 has hovered around 6% in each of the last three sur-
veys. Does that mean that only 6% of engineers in the RF/
microwave industry are under age 35? It’s also possible that
this low percentage is partially due to younger engineers
being less interested in completing our survey. Nonethe-
less, 6% is still a low number, demonstrating the need for a
younger generation of engineers.

Attracting younger engineers should be a focal point of
the industry as long as companies are willing to put in the
time to help them. The majority of the respondents of this
survey believe companies should do exactly that, as 91.5%
believe that companies should provide training to entry-
level engineers. Furthermore, 56.8% believe there is an
engineering shortage. And 89.5% said they would recom-
mend engineering as a career path to a young person look-
ing to choose a profession. One respondent said, “It’s been a
good profession for me and I believe there will be the need
for engineers for years to come.”

Lastly, please feel free to contact us and let us know if you
find the information useful. G
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THE TYPICAL
ENGINEER

A

A8
-

COMPENSATION /'/-J

40-44

50-54

60 or older

Average Age

Under 25

30-34 2.9%

3.4%

16.0%

44.2%

c SALARY INCREASE 53.4%

@ AVG STOCK OPTIONS $2,876 Q SALARY DECREASE 13.6%

e AVG SALARY $112,840

g AVG BONUS $4,294 e SALARY EQUAL 32.9%

@ AVG OTHER SOURCES $3,111

EMPLOYMENT

Actively seeking a new position Focused on employee retention

NO
36.2%

YES
6.4%

OPEN
TOIT
57.5%

o
O

YEARS IN THE PROFESSION

Less than 1 year 1.3%

5-9 years 5.1%

15-19 years 6.8%

25-29 years 11.1%

35-39 years 16.1%

N I

GO TO MWRF.COM

YES

0
NO 35.9%

64.1%

Contacted by recruiter 56.6%

WORK LOCATION

California 22.7%
Massachusetts 5.6%
Pennsylvania 4.1%

Illinois 3.5%

Ohio 3.3%

OUTLOOK

YEARS AT PRESENT COMPANY

Less than 1 year 8.1%

5-9 years

17.6%
15-19 years 11.6%

25-29 years 5.5%

35-39 years 4.5%
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12 % DCio18GHz

Get the performance of seml-ngld cable, and the versatility
of a flexible assembly. Mini-Circuits Hand Flex cables offer the
mechanical and electrical stability of semi-rigid cables, but they’re
easily shaped by hand to quickly form any configuration needed
for your assembly, system, or test rack. Wherever they’re used, the
savings in time and materials really adds up!

Excellent return loss, low insertion loss, DC-18 GHz.
Hand Flex cables deliver excellent return loss (33 dB typ. at 9 GHz
for a 3-inch cable) and low insertion loss (0.2 dB typ. at 9 GHz for a
3-inch cable). Why waste time measuring and bending semi-rigid
cables when you can easily install a Hand Flex interconnect?

o/ bm F L § &0

SMA Bulkhead ~ SMP Right Angle Snap-On

SMA Right Angle

Hand Flex Cables conform to
any shape required.

Two popular diameters to fit your needs.
Hand Flex cables are available in 0.086" and 0.141" diameters, with a
tight turn radius of 6 or 8 mm, respectively. Choose from SMA, SMA
Right-Angle, SMA Bulkhead, SMP Right-Angle Snap-On and N-Type
connectors to support a wide variety of system configurations.

Standard lengths in stock, custom models available.
Standard lengths from 3 to 50" are in stock for same-day shipping.
You can even get a Designer’s Kit, so you always have a few on hand.
Custom lengths and right-angle models are also available by preorder.
Check out our website for details, and simplify your high-frequency
connections with Hand Flex!  (QRoHS compliant

BNC

N-Type  N-Type Bulkhead
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40GHz
(KBL-Series)

Precision 758
(CBL-Series)

Precision 50Q
({CBL-Series)

Ultra-Flexible
(ULC-Series)

Flexible
(FLC-Series)

TEST CABLES.,

Spaghetti C-é.;lk-)les
Reliability You Can Trust... o O

Armored
(APC-Series)

Precision VNA
Cables
(VNAC-Series)

up to 40 GHz!

ea (qty 1-9)

(SLC-Series)
Why do 10,000 customers trust Mini-Circuits
test cables? Because they simply don’t fail! Our
test cables have been performance qualified
to 20,000 flexures* and come backed by our
6-month product guarantee™, so you can be
confident you're getting rugged construction,
reliability, and repeatable performance you can

test, burn-in, over-temperature testing, hi-rel testing
— you name it — chances are there’s a Mini-Circuits
test cable for your application in stock, ready for
immediate shipment. Order some for your test
setup at minicircuits.com today, and you’ll quickly
find that consistent long-term performance, less
retesting and fewer false rejects really add up to

depend on. Whether you’re performing production  bottom-line savings, test after test!

Model Family Capabilities Freq.(GHz)  Connectorst
KBL Precision measurement, including phase, through 40 GHz DC-40 2.92mm
CBL-75+ Precision 75Q measurement for CATV and DOCSIS® 3.1 DC-18 N, F
CBL All-purpose workhorse cables for highly-reliable, precision

50Q measurement through 18 GHz DC-18 SMA, N
APC Crush resistant armored cable construction for production

floors where heavy machinery is used DC-18 N
ULC Ultra-flexible construction, highly popular for lab and production

test where tight bends are needed DC-18 SMA, N
FLC Flexible construction and wideband coverage for point to

point radios, SatCom Systems through K-Band, and more! DC-26 SMA, N

NEW! SLC Super-flexible spaghetti cables with 0.047” diameter and 0.25” bend

radius, ideal for enviromental test chambers. DC-18 SMA

EINITIA% Precision VNA cables for test and measurement equipment through 40 GHz DC-40 2.92mm
to

* All models except VNAC-2R1-K+
**Mini-Circuits will repair or replace your test cable at its option if the connector attachment fails within six months of shipment.
This guarantee excludes cable or connector interface damage from misuse or abuse.

1 Various connector options available upon request.
Contact apps@minicircuits.com to discuss your special requirements.
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SALARIES

BY INDUSTRY

ICs and semiconductors
Military products
Computer product design
Research & development
Communications systems and equipment
Medical products
Avionics, marine, or space
Software design/development/programming
Components and subassemblies
Test and measurement equipment
Industrial controls systems and equipment
Automotive products
Power design
Safety/security ohio
Consumer products

New York

Illinois
BY LOCATION $106,078

O Massachusetts
California a $140,400

Colorado ‘ ‘
Arizona ©

Florida

40 years or more $112,099.26

30-34 years $123,259.40 ecutive/operating management $121,286.89

Design & development engineering $114,784.26

20-24 years $118,951.61

BY JOB

10-14 years $98,803.57

BY EXPERIENCE [/

1-4 years $54,475.00
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Ultra Small 2x2mm

2W ATTENUATORS oc 206+ 51°°...

Save PC board space with our new tiny 2W fixed value
absorptive attenuators, available in molded plastic or high-rel
hermetic nitrogen-filled ceramic packages. They are perfect
building blocks, reducing effects of mismatches, harmonics, and
intermodulation, improving isolation, and meeting other circuit
level requirements. These units will deliver the precise attenuation
you need, and are stocked in 1-dB steps from 0 to 10 dB, and
12, 15, 20 and 30 dB.

The ceramic hermetic RCAT family is built to deliver
reliable, repeatable performance from DC-20GHz under
the harshest conditions. With prices starting at only

Plastic

Ceramic

$4.95 ea. (qty. 20), these units are qualified to meet MIL
requirements |nclud|ng vibration, PIND, thermal shock,
gross and fine leak and more, at up to 125°C!

The molded plastic YAT family uses an industry proven, high
thermal conductivity case and has excellent electrical performance
over the frequency range of DC to 18 GHz, for prices starting at
$2.99 ea. (qty. 20).

For more details, just go to minicircuits.com — place your

order today, and you can have these products in your hands
as soon as tomorrow! () Rotts compiiant

L=Modelithics:

Vendor Partner

“FREE High Accuracy RF Simulation Models!”
https://www.modelithics.com/MVP/MiniCircuits
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Annual Salary & Career Report

ENGINEERING
LABOR FORCE

s )
L

\\
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Isthere an m
engineering shortage?

bo you thi.nk Companies should provide
that engineering training to entry- level engineers
students

] 0)
are learning 91.5%
the right skills?

Companies should
only hire
skilled engineers

Do you think that companies
should provide training to
entry-level engineers - or only
hire engineers that have
already learned those skills?

Do you find workers right out of school
are bringing new skills to your company?

34 OCTOBER 2017 MICROWAVES & RF



RF Solutions
From RF Engineers

Largest Selection v

Expert Technical Support v
Same Day Shipping v

Actives,
Passives and
Interconnects

Application
Engineers
Available

Armed with the world's largest selection of in-stock, ready to ship RF components, and the brains to
back them up, Pasternack Applications Engineers stand ready to troubleshoot your technical issues and
think creatively to deliver solutions for all your RF project needs. Whether you've hit a design snag,

you're looking for a hard to find part or simply need it by tomorrow, our Applications Engineers are at
your service. Call or visit us at pasternack.com to learn more.

866.727.8376 .
www.pasternack.com @ PASTERNACK

THE ENGINEER'S RF SOURCE


http://www.pasternack.com
http://www.pasternack.com
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OUTSOURCING

@ v lo

DOES YOUR COMPANY OUTSOURCE?

YES
51.7%

48.3%
NO

WHERE ARE JOBS GOING?

® OTHERLOCATIONSINTHE U.S.

e [NDIA
e PACIFICRIM
® OTHER COUNTRIES
o CANADA
® SOUTH AMERICA
® FUROPE
e MEXICO
‘ WORK BEING OUTSOURCED £}
~— Design 35.3%
Manufacturing/assembly 46.9%
Q REASONS FOR OUTSOU RC' NG Software engineering/development 47.9%
To save money 51.0% CAD/CAE 22.6%
Lack of in-house talent/specialty skills 39.7% Drafting 13.0%
To save time AR R0 e
To put existing resources PCB layout S
27.6%
foleticiLg 2 Design verification 14.3%
(1)
l 20.4% Software verification/test 24.1%
Final test 17.0%
Incoming inspection 3.8%
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HIGH PERFORMANGE

PASSIVE FREQUENGY DOUBLERS

Features

Low Conversion LosS
Good Harmonic & Sub- Ilarmoml: nelectlnn
Small Size

Talk To Us Ahout Your Custom Requirements.

MU NER Phone: (973) 881-8800 | Fax: (973) 881-8361

oS B 1\ .1 {4 ™M) E-mail: sales@synergymwave.com
: A" A RAY 11\ ] Web: WWW.SYNERG YMWAVE.COM
W\ i

CROWAVE CORPORATION Mail: 201 McLean Boulevard, Paterson, NJ 07504


mailto:sales@synergymwave.com
http://www.synergymwave.com
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JOB
SATISFACTION

¢

HOW SATISFIED ARE YOU IN YOUR JOB?
24.3% EECIEREEE |h
32.90/0 Very Satisfied ‘ b

33.6% KRS “ b

Not Very Satisfied

\
1 . 90/0 D Not At All Satisfied

MOST IMPORTANT FACTORS IN JOB SATISFACTION
@ O & W ¢ 1 P

8.1 8.18 7.76 7.68 6.87 6.78 6.99 6.78

Challenges that Researching Opportunity to Compensation Working in team The pressures Working The recognition
accompany potential design products you receive for situations with associated with independently of you get from
the design of design that can benefit the work you do peers solving design others others for the
new products solutions society problems work you do

[Based on a scale of 1 to 10]

REASONS ENGINEERS WOULD

LEAVE THE PROFESSION Chag
g y Recommend
Try something different 35.7% - w . .
Engineering?
Pursue other interests or opportunities 32.5% —
Do something more fulfilling or satisfying 24.2%
Have more freedom/free time 23.6% YES
90%
Do something less stressful 26.8%
To make more money 21.0%
Start a business 17.2% <j\>
hp—
Ready to retire 18.2% Fe e I | N g
Burnout 22.0% Cha“eﬂged?
No further chance for advancement 17.8%
Cut back on long hours 16.9%
SOMEWHAT SUFFICIENTLY
The poor job outlook for engineers 16.6% CHALLENGED CHALLENGED
28.1% 60.5%
Switch to teaching 13.7%
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Over 100 high performance standard products—and growing.

For more than a decade, we've been focused on providing military and
aerospace designers proven GaAs and GaN solutions to their biggest

signal chain challenges.

Visit our website and learn about our commitment to quickly getting

you wherever you're headed next.

CustomMMIC.com ’
Custom

M MMIC
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YOUR
WHAT ARE SOME OF THE WAYS YOU CONTINUE
YOUR ENGINEERING EDUCATION TODAY? ED UCAT' O N

In-classroom college courses  15.2%

In-house educational programs
sponsored by your company  19.0%

L 4

Online discussion forums  21.6%

User group meetings/Meetups  22.8%

| 4

Online college courses  27.9%

Engineering association-
sponsored meetings  30.0% >

E-books 38.9%

Trade shows/conferences 48.6%

Vendor-sponsored education
(seminars, Webcasts, etc.) 49.0% >

Engineering videos 55.9%

L 4

Engineering textbooks 56.3%

Engineering/technology
publication websites 57.8% >

Seminars  59.6% >

Webcasts 66.5%
White papers  70.7%

v

v

Engineering/technology publications 71.4%

e ECUPSEMd

Get maximum performance and minimal MICROWAVE & RF PRODUCTS
noise figure with Eclipse broadband LNA MMIC's.

QFN 4mm
Frequency
Range Gain Noise Figure P1dB Psat OIP3 Bias Supply
Model Number GHz dB Typ. dB Typ. dBm Typ. dBm Typ. dBm Typ. V/imA | Package
EMD1710 20-20 | 12.5 2.0 | +18.5 +19.0 ‘ +28.0 5/83 QFN 4mm
EMD1715 DC-20 | 14.5 1.8 +20.5 +23.5 +28.0 5/103 | QFN 4mm
EMD1725-D DC-40 | 150 35 | 4205 +23.0 +33.0 8108 | DI

Features Applications Product export classification
+5 or +8 volt supply. General purpose ECCN: EAR 99 (unless otherwise specified)
Low noise figure. Commercial and industrial HTS: 8542330000
Broadband frequency response. Microwave radio & VSAT
High output intercept point. Test instrumentation
Low cost QFN 4mm leadless RoHS package. Telecom & Fiber optics

Hermetically sealed.
Excellent VSWR.
Die available upon request.

Eclipse Microdevices EMD1710 and EMD1715 are ideal for applications that require a typical , .F in

noise figure as low as 2.0 dB across the DC- 20 GHz band, while requiring only 83mA/103ma Frmelisaeisent

from a +5V supply.The EMD1725-D has a typical noise figure of 3.5dB to 40 GHz. 4085261100
The EMD1700 series are available in 4mm QFN packages and bare die (1725-D only). Let’s talk shop.
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“There is too much for one t,,/
person to keep up with,
so I must pick and

choose what to study.”

FOR WHICH OF THESE FORMS OF EDUCATION DOES

“Thereis a lot of

deancementin areas Trade shows/conferences
that I'm not focused on College tuition

daily, so itis easy to get Seminars

. . ” Engineering textbooks
behind on many things. SR

Engineering association dues
Online training
Certifications

Publication subscriptions

YOUR COMPANY REIMBURSE COSTS TO ENGINEERS?

59.3%
46.3%
43.9%
33.4%
28.5%
25.2%
22.5%

20.5%

SPEED DEMON

REAL TIME PHASE NOISE ANALYZER

The HA7062C Real Time Phase
Noise Analyzer makes ANSI
z540 accurate measurements at
industry leading acquisition
speeds. Actual performance
reveals the truth beyond any
advertisement. Take one for a
test drive and compare it head
to head with an alternate.

Holzworth’s HA7062C price to
performance is unmatched.

’ 100MHz OCXO |

3 correlations
10 seconds

Internal LO Mode * )

100k M 20M

* Measuring with External LO Mode: < 5 seconds, 1 correlation

holzworth

instrumentation

GO TO MWRE.COM

phone: +1.303.325.3473
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Annual Salary & Career Report

WHAT’S KEEPING

AT
NIGHT?

Product interoperability issues

13%
Specifiying the
right product/

vendors

15%

Dealing with
reductions in staff

1 5%

Outsourcing
issues

1 6%

Concerns about
job security

1 7 %

Component
availablity %
(]
issues 18
Concerns about
the health of

the economy

Nothing keeps me
up at night
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TOP CONCERN

38 %

Staying current with
new and emerging
technologies

5% Documenting ROl on
engineering expenditures

Concerns about
financial health
of suppliers

5 %

38 %
Staying current with
new and emerging
technologies

26"

Looming project
deadlines

23%
Product
reliability
issues

2 1%

Price/
performance
issues

19%

Age
discrimination |
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Looking for just the right part,
at just the right price...

Connect with over 200 distributors
on the NEW SourceESB!

S%sourceesb

Find electronic parts fast - from the only
database that verifies part authorization.

Part Lists Tool

v Send multi-part RFQs
« Saveyour part lists to work on later

+ Filter by authorized distributor

www.SourceESB.com
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ENGINEERING DOES YOUR COMPANY HIRE
AND SOCIETY

EMPLOYEES ON H1-B VISAS?

O YES 37.2”
O NO 62.8%

DOES H1-B HURT EMPLOYMENT OPPORTUNITES
FOR ELECTRICAL ENGINEERS IN THE UNITED STATES?

OVYES57.9" @NO42.1%

Are you worried about
President Trump’s trade
policy, including his
decision to withdraw from
the Trans-Pacific
Partnership and
renegotiate the North

American Free Trade
Agreement? i

Would you support measures from the
Trump administration and Congress to
reform how the H1-B system works?

I

Are you professionally worried about
the Trump administration’s proposed
cuts to research into health and energy
THHLL i1 T (i.e. Climate Change research, NASA

budget, infrastructure spending, etc.)

NO ™ YES
49.9% 50.1%

%
DOES YOUR COMPANY TRACK EMPLOYEE DIVERSITY IN o YES 42.6 ’
EITHER A PUBLICLY RELEASED OR INTERNAL REPORT? O NO 57.4%

68.6%YES O DO YOU THINKIT IS IMPORTANT TO HAVE A DIVERSE ENGINEERING
31 4% NO 0 WORKFORCE, WITH MORE WOMEN AND MINORITY ENGINEERS?
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GORE-FLIGHT™ Microwave Assemblies, 6 Series are ruggedized,
lightweight and vapor-sealed airframe assemblies that withstand
the challenges of aerospace.

With GORE-FLIGHT™ Microwave Assemblies, 6 Series, a fit-and-forget
philosophy is now a reality — providing the most cost-effective
solution that ensures mission-critical system performance

for military and civil aircraft operators.

Find out why at:
www.gore.com/GORE-FLIGHT

7

Creative Technologies
Worldwide

lightweight

GORE, GORE-FLIGHT, the purple cable and designs are trademarks of W. L. Gore & Associates. Follow us on ol


http://www.gore.com/gore-flight
http://www.twitter.com/goregmca
http://www.facebook.com/goregmca
http://www.youtube.com/user/wlgoreassociates

Engineering Essentials
MARK MILLER | L-com Global Connectivity
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Understand How 1o
Consider Antennas for

CBRS Applications

Antenna performance and characteristics will be key factors for CBRS, the FCC’s new

150-MHz contiguous spectrum at 3.5 GHz.

THE CITIZENS BROADBAND RADIO SERVICE (CBRS), which
makes 150 MHz of shared spectrum available between 3,550
and 3,700 MHz, is arguably the FCC’s most interesting offer-
ing in years. If it delivers on even half of its promises, the agen-
cy will have created a genuinely useful opportunity for innova-
tion. As spectrum sharing is exceedingly difficult to achieve

without dissolving into chaos, CBRS rules are very specific
in certain areas, although antennas receive surprisingly
little treatment. Consequently, it’s the responsibility
of those developing CBRS networks to fully under-

stand their significance in determining overall
performance and meeting FCC rules.

CBRS IN A NUTSHELL

Incumbents:
Radar, satcom
earth stations.
(Protected from
lower tiers)

CBRS offers two classes of users in addition to those
already operating there (the incumbents), which are pri-
marily coastal Navy radars and some fixed satellite services.
The incumbents have priority access to the spectrum and
protection from interference by devices in the lower classes.
Below the incumbents are Priority Access Licensees (PALs),
for which allocations are acquired through FCC auctions.
PALs are protected from interference by the lowest-tier
General Authorized Access (GAA) users. While GAA
users are afforded no interference protection, they
also pay nothing for spectrum access. Figure 1
shows the hierarchy of this architecture.

Each PAL license gives the owner a 10-MHz
channel between 3,550 and 3,650 MHz in a

CBRS was formalized by the FCC In
April 2015 with the goal of making addi-
tional spectrum available on a shared
basis for a wide variety of uses,

Priority Access Licensee (PAL)
(Protected from GAA)

small geographic area called a census tract
(a portion of a county or other clearly-
defined area that the Census Bureau
uses to divide up the U.S.). Up to

without creating interference to
existing services. The agency
hopes that the new alloca-
tion will enable wireless

Tier 3: General Authorized Access (GAA)
(No protection)

seven PALs can operate in each
tract, in which a licensee can
use only 70 MHz of the
full 150-MHz allocation.

carriers to increase net-
work performance,
provide an alterna-

tive for Internet of
Things (IoT) connectivity, allow cable companies to get into
the wireless business, and perhaps of greatest interest, make it
possible for organizations other than wireless carriers to operate
private networks using digital (presumably LTE) technology for
the first time. These are just a few cases where CBRS will have an
impact—there are potentially many others.

46

1. CBRS offers two tiers of service, PAL and GAA. PALs are protected from inter-
ference from GAA users, who have no interference protection.

Although GAA users
can operate anywhere
within the band not
assigned to higher-
tier users, only 80 MHz is available when PALs are in operation
in a census tract. Digital transmission technologies are manda-
tory; while LTE will be the choice of most users, other wireless
access methods can be used, as well.
As census tracts cover small areas, the auction price for
each one should be a fraction of what wireless carriers pay
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An SAS (there will be many with-
in CBRS) works by managing and
enforcing the shared frequencies
using a cloud-based database of all
CBRS devices to coordinate channel
assignments and prevent interference.
Among its many tasks are assigning
channels for CBRS devices (called
CBSDs); determining their maximum

(CCHY) (Cc
@ @ (T ( [ﬁﬂ
=) -1 ([Eer) |

CBSD class A
(indoor smalll cell)

GAA

2. The SAS has the enormous task of managing PAL and GAA devices, as well as sensors pro-
viding ESC capability. The ESC device monitors channels to detect the presence of incumbent
radar and sends alerts and other information to the SAS, which then commands the offending

device to change channels.

for widespread coverage, allowing spectrum to be acquired
by smaller organizations. Not surprisingly, wireless carriers
seeking spectrum for backhaul, cable companies wishing to
become mobile virtual network operators (MVNOs), large
corporations wanting to create their own secure networks, the
IoT industry, and components manufacturers looking for new
sources of revenue all have been anxiously awaiting the arrival
of CBRS. The only question that remains is if (or how well)
spectrum sharing will work, as it hasn’t been terribly success-
ful in the past.

The FCC mandate that incumbent users have ironclad
interference, the PALs less, and GAA users none, makes for
an “interesting” operating environment. Spectrum sharing is
an extremely complicated process, as it requires a mechanism
to ensure protection from interference among users and the
various classes. Some spectrum sharing schemes use a “listen-
before-talk” approach in which a device senses activity on a
channel before transmitting.

If it detects the presence of another user, it moves to anoth-
er channel. This is used by Wi-Fi, Bluetooth, and other stan-
dards with reasonable success in most environments. How-
ever, another technique called a Spectrum Access System
(SAS) used in other spectrum-sharing scenarios such as the
“TV white spaces” is also used by CBRS, but is more ambi-
tious than its predecessors.

GO TO MWRF.COM

CBSD class B
(outdoor base station)

power at every location and ensur-
ing it is not exceeded; registering and
authenticating them; and receiving and
addressing reports of interference from
incumbent users. To protect them, sen-
sors for Environmental Sensing Capa-
bility (ESC) will be deployed nearby
each location to detect activity from
other services. If it occurs, the sensor
alerts the SAS, which commands the
interfering emitter to change channels
(Fig. 2).

There is no guarantee that the CBRS
SAS will work this time, as manag-
ing hundreds of thousands of devices
throughout more than 70,000 census tracts will be an enor-
mously complex task. However, the CBRS SAS is arguably the
most advanced such system to date. If successful, it will result
in the rapid and successful deployment of many applications.

ANTENNAS: CRITICAL CBRS ELEMENTS

In every RF or microwave system, antennas are a key deter-
minant of overall performance. In CBRS, they take on the
major responsibility of helping to ensure that interference
is kept in check. The CBRS rules call for two basic classes of
CBSDs. Class A devices are suited for indoor use (effectively
making them typical small-cell base stations) or low-power
outdoor use. The maximum effective isotropic radiated power
(EIRP) is 1 W (+30 dBm), although many will likely deliver
less. The Class A CBSDs will generally be used with 2-dBi-gain
omnidirectional antennas or directional antennas with up to
6-dBi of gain.

A Class B CBSD is targeted for outdoor use with a maxi-
mum EIRP of 50 W (+47 dBm). At this power level, an antenna
delivering very high gain is well suited for fixed wireless appli-
cations, such as Wireless Internet Service Providers (WISPs).

A typical directional antenna that can be used for outdoor
Class B systems that require directivity (such as point-to-
point and point-to-multipoint) is the L-com (www.I-com.com)
HG3517DP-090 sector panel antenna (Fig. 3). It combines
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he FCC doesn’t mandate what type of antenna should be used in
a specific application. Therefore, it is up to the user to ensure that
CBSDs adhere to the rules designed to mitigate interference.

vertical and horizontal polarization, gain of
17 dBi, a 90-deg. beamwidth, and a 25-dB
front-to-back ratio. As the antenna accom-
modates transmits and receive paths with
different polarizations, unwanted signals
from adjacent channels or co-located equip-
ment can be attenuated.

The FCC doesn’t mandate what type of
antenna should be used in a specific applica-
tion. Therefore, it is up to the user to ensure
that CBSDs adhere to the rules designed
to mitigate interference. There is a broad
array of antennas likely to be used for vari-
ous CBRS applications, thereby presenting
a significant challenge for network design-
ers. A variety of factors must be considered,
including the characteristics of the anten-
na, signal propagation, EIRP, terrain, and
other factors, to ensure that signal levels at
the mandated coverage boundary are within
prescribed values.

All potential PAL and GAA users provide
specific information about antennas and
their characteristics with their registration,
including geographic coordinates within
an accuracy of £50 m horizontal and +3 m
elevation. This and much more informa-
tion must be reported to the respective SAS
when the system is first activated. The man-
aging SAS determines the PAL Protection
Area (PPA) boundary by a contour based on
maximum allowable radiated power, an RF
propagation model, antenna height and gain
effects, and radiation patterns.

Each CBSD is assumed to use a single
antenna. If it has multiple antennas, such as
an array for multiple-input multiple-output
(MIMO) operation, the antennas must pro-
duce an aggregate signal with radiated power that conforms to
all the registration parameters. CBSD transmissions must also
be managed so that their received signal strength measured
at the boundary with any co-channel PAL cannot exceed an
average power level of —80 dBm.

If Category A CBSDs are located outdoors, their anten-
nas must be no higher than 6 m above average terrain.
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3. This sector panel antenna is a good
example of a directional antenna for
use with a Class B CBSD. It combines
vertical and horizontal polarization,
gain of 17 dBi, a 90-deg. beamwidth,
and a 25-dB front-to-back ratio.

Otherwise, they will be considered Cat-
egory B CBSDs and subjected to their
requirements (including mandatory pro-
fessional installation). Information pro-
vided about CBSD Category-B devices
must include antenna gain, beamwidth,
azimuth, down-tilt angle, and antenna
height. The rules provide a procedure
for describing antenna gain to determine
aggregate interference in the direction of
a receiver. If the antenna beamwidth and
the antenna pattern are not available, the
SAS will assume the antenna is omnidi-
rectional.

The FCC also does not dictate what tech-
nology an ESC device uses for detecting
the presence of signals from an incumbent
system. This means that ESC developers
can choose any type of sensing technique
that will produce the desired result. While
this provides significant flexibility, it also
requires that ESC designers consider the
device’s antenna along with the other fac-
tors that collectively determine its perfor-
mance.

CBRS is the first spectrum-sharing effort
by the FCC that has made it from concept
through various legal and other challenges
to the stage where it is likely to be realized
in operation, as the first systems should be
deployed early in 2018. It will neverthe-
less take some time before the CBRS SAS
approach can be evaluated based on actual
performance.

That said, CBRS offers benefits to so
many different applications. Unlike other
spectrum shared approaches, it has “multi-
partisan” support. It also doesn’t hurt that
CBRS sweetens the deal for those sitting on the fence by offer-
ing new revenue-producing opportunities ranging from cel-
lular backhaul to providing LTE coverage in rural areas. This
creates private networks for various purposes including IoT
connectivity, boosting the resources of WISPs, and allowing
cable companies (among others) to create their own LTE
networks. [
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Directional/Bi-Directional

New
High-Power
Stripline Models!

&

5kHzto18 GHz up to 300W ion 9 5 g (qty.1000)

\~\°‘N\‘ Looking for couplers or power taps? Mini-Circuits has
475 326 models in stock, and we're adding even more! Our

versatile, low-cost solutions include surface-mount models
down to 1MHz, and highly evolved LTCC designs as
small as 0.12 x 0.06", with minimal insertion loss and
high directivity. Our new stripline-based SMT models are
designed for up to 300W RF power, and selected
core-and-wire models feature our exclusive Top Hat®
for faster,more accurate pick-and-place.

At the other end of the scale, our new connectorized
air-line couplers can handle up to 250W RF input power,
with low insertion loss and exceptional coupling flatness!
All of our couplers are RoHS compliant. So if you need
a 50 or 75Q, directional or bi-directional, DC pass or DC
block coupler, for military, industrial, or commercial
applications, you can probably find it at minicircuits.com,
and have it shipped today!

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com

495 rev F


http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com

Industry Trends

KIM LEE | Systems Applications Engineering Manager for the RF and Sensors Product Group, Infineon Technologies

Will Gesture Sensing
Drive Home Automation?

Thanks to advances that make it possible to operate in the V-band, radar-based
gesture control for home automation could very well become the next big thing.

DEVELOPMENTS IN SMART-HOME electronics and home
automation are driving new generations of human-machine
interfaces. Handheld universal remotes are extending their
capabilities at the same time that remote-control functionality
is finding its way into touchscreen devices and even smart-
phones. Voice-based control using the connected intelligence
of smart speakers has gained a high profile, too, though this
approach raises privacy concerns.

Gestures, which do not rely on cloud-based intelligence to
understand and act on spoken word commands, are an excep-
tionally promising approach to home-automation control.
They are evolving on several fronts.

Wearable (arm-band like) devices and visual/infrared sys-
tems have moved from control of entertainment to com-
manding other in-home systems. However, wearable solutions
are limited as a home interface, since a physical device is not
greatly superior to current handheld or smartphone-based
controls. Vision-based systems also face limitations related
to ambient lighting, precision, and the simple requirement
that light sources and cameras cannot be hidden within a
device. Thus, visual sensors will not be able to control the
types of invisible devices envisioned for the in-home Internet
of Things (IoT).

ON THE RADAR

Advances in compact low-power radar, based on technol-
ogy developed by Infineon (www.infineon.com) for the Google
Soli project, will take gesture control to a new level in address-
ing IoT applications in and beyond home environments. With
this technology, manufacturers have an opportunity to deliver
a nearly magical user experience.

Radar has already made inroads in presence detection, with
applications that include automated door opening, security,
and lighting control based on systems operating in the 24-GHz
range. Moving to millimeter-wave frequencies, the unlicensed
V-band (57-64 GHz) brings advantages of precise resolution
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This scaled-down single-chip radar operates at V-band frequencies.

and low likelihood of interference with nearby systems. Infi-
neon collaborated with Google to develop a single-chip radar
integrated circuit (IC) that operates in the V-band. The tech-
nology was successfully demonstrated in two iterations—first
in 2015 and then in 2016 at the Google I/O Conference.

This breakthrough technology is now available to developers
of consumer IoT devices. The BGT60TR24B single-chip radar
is compact, measuring 9 x 12.5 x 0.8 mm (see figure). It incor-
porates two transmit (Tx) channels, four receive (Rx) channels,
and antenna. Moreover, the sensing range is as high as 10 m.

The BGT60TR24B draws just 0.054 W in sensing mode and
includes extensive power-management and idle modes. Wake-
up and duty cycles can be programmed to further minimize
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power usage in battery-powered devices as well as limit the
active mode for in-wall and tabletop devices likely to be used
for home-automation applications.

The ability of radar to distinguish between two closely
spaced targets (or range resolution) improves with bandwidth
frequency. In the V-band, with 7 GHz of available bandwidth,
it is possible to achieve a range resolution of 2 cm. This can
be extended to sub-millimeter preci-

design. As the digital and real worlds converge around sys-
tems designed to improve people’s lives, seamless human-
machine interaction will provide a vital connection to new
types of devices and services powered by the IoT. V-band
radar offers engineers a path to define next-generation inter-
faces to an array of automation devices we have just begun to
imagine. Il

sion using advanced signal process-
ing to a level that allows recognition of
overlapping fingers. Millimeter-wave
sensors also have greater sensitivity
to detect slow-moving objects and, as
noted, large attenuation of the signal
due to path loss reduces the likelihood
of interference with other sources.

POTENTIAL RADAR-CHIP
APPLICATIONS

Early demonstrations of the 60-GHz
radar chip include a smart watch and
a wireless speaker. In the latter demo,
developers working with Google
showed control of the on/off and vol-
ume functions. Another team has
shown a prototype cabinet with locks
opened by hand gestures. It’s not hard
to imagine controlling room tempera-
ture, lighting levels, and other in-home
systems we use today.

With the high resolution available in
V-band radars, controls can range from
sweeping hand gestures to finger-sized
commands such as pinching and snap-
ping. At this level of precision, radar-
based gesture control ultimately may
allow designers to develop products
with no visible controls at all.

The 60-GHz radar band also can
operate through plastic (polycarbon-
ate) surfaces, creating opportunities for
gesture-operation of concealed devic-
es in a home. Science-fiction movies
showing homes of tomorrow with no
visible light sources aren’t far away. We
have the technology to embed LEDs
anywhere and now we have a touchless
control mechanism.

Ultimately, operation of devices
that exist today is just the beginning
of a revolution in human-interface

GO TO MWRF.COM
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Excellence in Connectivity Solutions

The versatile all-rounders for TVAC

SUCOFLEX TVAC assemblies from HUBER+SUHNIER are
exposed to vacuum and extreme temperature variations.
They offer low outgassing (acc. ECSS-Q-ST-70-02 C and
NASA reference publication 1124), vented connectors, ex-
tended temperature ranges and as well a superior low-loss
performance.

HUBER+SUHNER AG 9100 Herisau/Switzerland www.hubersuhner.com
HUBER+SUHNER INC. Charlotte NC 28273 /USA

info.us@hubersuhner.com
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Sumitomo Electric Europe Ltd., 220 Centennial Park, Elstree, Hertfordshire, WD6 3SL, UK

Doherty Amplifier
Combines High Power
and Efficiency

ower amplifiers for modern telecommunication

systems often must deliver a wide range of output

power levels with high efficiency and high lin-

earity. Generally, when designed for the highest
power levels with maximum available efficiency, PAs in cellular
base stations tend to operate less efficiently at lower power lev-
els, consuming excessive dc power at lower power levels.

In such wireless systems with wide bandwidths and high
data rates, transmitted signals are typically characterized by
high peak-to-average power ratio (PAR) due to wide and rapid
variations of the instantaneous transmit power. Therefore, it is
a real challenge to design a base-station PA with high efficien-
cy not only at maximum output power, but also at lower power
levels typically 6 dB or less than the maximum output levels, in
a configuration with relatively small size and low cost.

By using GaN HEMT technology and innovative Doherty
architectures, however, average efficiencies of 50 to 60% and
average output powers to 100 W can be achieved that signifi-
cantly reduce transmitter power consumption. GaN HEMT
technology features many benefits, including high breakdown
voltage, high current density, high transition frequency (fy),
low on-state resistance, and low parasitic capacitance. These
characteristics result in high output power, wide bandwidth,
and high operating efficiency.

The high power density makes it possible to construct phys-
ically compact designs at high output power levels, while high
dc-supply voltage operation and low parasitic output capaci-
tance result in higher load impedances for ease in obtaining
wide operating bandwidths. A drain-to-source breakdown
voltage in excess of 150 V dc enables rugged operation at 50 V,
regardless of drive level or harmonic load environment.

Sumitomo GaN HEMT technology can provide high-gain
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2 x 180 W GaN HEMT

—1 1+ M
Er = 250
H=0.16 mm

T=0.02 mm I
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1. A packaged transistor uses dual-path GaN HEMT configuration

with internal input matching to achieve high output power.

operation of a packaged device at output power levels to 300
W for operating frequencies over 8 GHz and beyond for radar
applications and can provide excellent, reliable performance
for high-power wireless cellular communications transmitters.
The progress in power density for the current generation of
active devices at 5 W/mm makes it possible to reach 10 W/mm
at 50 V dc. The use of silicon-carbide (SiC) substrate material
provides excellent thermal management at high power levels.
For a conventional Doherty amplifier with a quarter-wave
impedance transformer and a quarter-wave output combiner,
efficiency of 31% was measured for power levels backed off
6 to 7 dB from a saturated output-power level of about +43
dBm, for a frequency range of 1.5 to 2.14 GHz.! To improve
the broadband performance of a conventional Doherty ampli-
fier, an output network can be composed of two quarter-wave
impedance inverters with reduced impedance transformation
ratios.? For broadband combining, an output quarter-wave
transmission line with fixed characteristic impedance can be
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replaced by a multiple-section trans-
mission line with different characteris-
tic impedances and different electrical
lengths for its multiple sections across
a frequency range of 2.2 to 2.96 GHz.3
High peak power of 500 W was
achieved across the lower frequency
band of 760 to 960 MHz using a modi-
fied combining scheme with two quar-
ter-wave lines in the peaking path.* For
an asymmetric Doherty architecture,
saturated power of more than 270 W
and linear gain of more than 13 dB with
drain efficiency of more than 45% at
8-dB back-off were achieved from 2.5
to 2.7 GHz.> An average power of 85 W
with peak power of 470 to 570 W and
relatively flat average efficiency of 45 to
49% was achieved across the frequency
band of 1.8 to 2.2 GHz for a single-carrier
WCDMA signal with PAR of 10 dB.®

PACKAGED DEVICE

High-power GaN HEMTs can be
achieved with large gate periphery
resulting in higher power capability
for a given package size compared to
some other active device structures. The
corresponding increase in gate-source
capacitance when multiple basic device
cells are connected in parallel reduces
the optimum input impedance to very
low values, close to one or a few tenths
of an ohm. Therefore, a low-loss match-
ing network is required inside the pack-
age to transform the impedance from
the package lead reference plane to the
device die reference plane.

For practical use, a packaged GaN
HEMT power device should provide rea-
sonably high (not less than 1 Q) input
impedance with a sufficiently low quality
(Q) factor to provide flat performance
over arequired frequency bandwidth.
Depending upon the space available
within the device package and providing
sufficiently wide operating bandwidth
to 40%, a two-step microstrip line on
a high-permittivity substrate might be
considered (Fig. 1) for a dual-path pack-
age where two 180-W GaN HEMT dice
are attached in parallel.

GO TO MWRF.COM
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2. The block schematic shows a modified symmetric two-stage Doherty amplifier with the

plot providing theoretical efficiency.
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3. These block schematic diagrams illustrate a modified 1:2 asymmetric Doherty amplifier.
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Doherty Amplifier

Such a two-stepped microstrip-line
transformer for each device can trans-
form the device input impedance of a
few tenths of an ohm to an input imped-
ance of several ohms with a flat or a
custom required response. The latter
will also feature high return loss for each
device across the entire frequency band-
width from 1.8 to 2.2 GHz for this par-
ticular application.

MODIFIED DOHERTY AMP

For a high-power amplifier with very
low output impedance, the width of the
matching microstrip line will be very
wide compared to its length. The overall
size of the matching circuit, including
an offset line to create an open-circuit
condition when the peaking amplifier
(PA) is turned off, and a quarter-wave
transforming line, becomes sufficient-
ly large; it becomes difficult to physi-
cally connect the output of the peaking
amplifier directly to the main ampli-
fier path. Therefore, for convenience
of implementation, a classical Doherty
amplifier configuration can be modified
by including of an additional half-wave
line at the output of the PA.

Figure 2 shows the schematic diagram
of a modified two-stage Doherty ampli-
fier configuration where a half-wave line
is connected to the output of the PA and
a quarter-wave line is included at the
input of the main or carrier amplifier
(CA) for phase compensation. This con-
figuration is characterized by the same
two peak efficiency points, at saturation
and —6 dB power back-off, similar to the
classical two-stage Doherty amplifier
(DA) shown in Fig. 2b.

There is a possibility to extend the
region of high efficiency over a wider
range of output powers if the CA and
PAs are designed to operate with differ-
ent output powers, smaller for the CA
and larger for the PA. For instance, for a
power-division ratio 1:2, the transition
point with maximum drain efficiency
corresponds to the back-off power level
of 9.5 dB from peak output power, as
shown in Fig. 2b. In this case, the char-
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4. These schematic diagrams represent a high-power three-way 1.8-t0-2.2-GHz Doherty

amplifier.

acteristic impedance of the half-wave
line is 25 Q, corresponding to the load
impedance required for the PA; the
characteristic impedance of the com-
bining quarter-wave line is 28.9 , as
shown in Fig. 3a.

For packaged devices, where it is dif-
ficult to choose the proper power ratio
between the devices, it is convenient to
use identical power amplifiers which
can compose ideally the multi-way
Doherty architecture where one carrier
power amplifier is in parallel with multi-
ple peaking amplifiers. As a result, a 1:2
asymmetric two-stage Doherty struc-
ture can be transformed to a modified
three-way asymmetric Doherty con-
figuration with one CA path and two
identical PA paths when device sizes for
the CA and both PAs (PA1 and PA2) are
equal, as shown in Fig. 3b.

Here, the half-wave line in each PA
path can be split into two quarter-wave
lines, each having its own characteris-
tic impedance for the corresponding
impedance transformation when the

required load impedance for peaking
device is sufficiently small.

THREE-WAY DOHERTY AMP

Figure 4a shows the block schematic of
a three-way asymmetric Doherty ampli-
fier configuration based on three dual-
device packaged transistors. Each has a
pair of 180-W GaN HEMT devices with
internal input matching microstrip-line
networks, where the output combiner
includes one quarter-wave microstrip
line in a CA path, two quarter-wave
microstrip lines in each identical PA
path, and one combining quarter-wave
microstrip line. Each amplifying path
includes the packaged device of the same
die size, with input and output matching
circuits using microstrip lines.

Offset lines are necessary to provide
open-circuit conditions at their ends
for PAs when they are turned off. Two
quarter-wave microstrip lines with dif-
ferent widths required for the corre-
sponding impedance transformation
translate this open-circuit condition in
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Doherty Amplifier

igh backoff efficiency, above 50%,

and high-power gain, about 12 dB, can
be achieved from 1.8 to 2.2 GHz at an exception-
ally high output-power level of about 1 kW corre-
sponding to the 2-dB gain compression point.

each peaking path to an open circuit
seen by the carrier path at output power
levels lower than —9 dBc at a common
node in the output combiner.

For example, for identical amplifiers
having optimum load impedance Z; =
12 Q each and Z, = Ry = 50 Q, where
Ry is the standard 50-Q load imped-
ance, Z; = (ZyZ,)** = 24.5 Q and Z; =
(Z,R)%?/(3)%° = 28.9 Q. There may be
different combinations of the character-
istic impedances between quarter-wave
microstrip lines in the output combiner.
The quarter-wave microstrip line in the
input path of the carrier amplifier is
used to compensate for the delay of the
output combiner.

Another circuit implementation of a
high-power asymmetric three-way GaN
HEMT Doherty amplifier to operate
across the frequency bandwidth of 1.8 to
2.2 GHz, where a half-wave microstrip
line is included in the load network of
each identical peaking path for better
flexibility in practical implementation
is shown in Fig. 4b, while providing suf-
ficient bandwidth capability at the same
time. Here, microstrip line (A/4 + 1/2)
with a total electrical length of 270 deg.
provides the corresponding impedance
transformation at significant power
backoff and the quarterwave microstrip
line in each input path of the peaking
amplifiers compensate for the delay
provided by the output combiner. The
broadband output impedance transfor-
mation with 50-Q load is provided by a
Klopfenstein taper having an electrical
length of 270 deg. at the center band-
width frequency.

The input three-way in-phase power
divider was implemented on a 20-mil-
thick RO4350 circuit substrate from
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Rogers Corp. which was also used to
implement the entire Doherty ampli-
fier circuit. It includes a transforming
quarter-wave line; an asymmetric 1:2
two-way Wilkinson divider to split
power between the two paths, one with
the carrier and first peaking ampli-
fiers and the other with the second
peaking amplifier; a symmetric two-
way Wilkinson divider to equally split
power between the carrier and first
peaking amplifiers; an additional 50-Q
quarter-wave microstrip line in carrier
path; and three equal-length 50-Q con-
necting microstrip lines in the carrier
and two peaking paths. To provide flat-
ter response over the entire frequency
bandwidth, additional input offset lines
were connected to the outputs of the
input in-phase combiner.

TEST RESULTS

A test board for a three-way Doherty
amplifier was fabricated on 20-mil-
thick RO4350 circuit material from
Rogers Corp. The three-way ampli-
fier is based on three dual-path GaN
HEMT devices in metal-ceramic flange
packages with a pair of 180-W GaN
HEMT die and internal input matching
network each, according to the block
schematic diagram shown in Fig. 4b.
The input three-way divider, input and
output matching circuits, offset lines,
output combiner, and gate and drain
bias circuits (having bypass capaci-
tors on their ends) are fully based on
microstrip lines of different electrical
lengths and characteristic impedances.
Special care was taken for device imple-
mentation process in order to mini-
mize the output lead inductances of the
packaged GaN HEMT device.

Peak output power of +59.5 dBm was
measured at 2-dB gain compression
(P,4p) and peak efficiency of 78% was
measured with linear flat power gain of
about 12 dB, for a supply voltage of 55
V dc and a frequency range of 1.8 to 2.2
GHz. From these test results, it follows
that drain efficiency of greater than 50%
at 8-dB power back-off can be achieved.
This means that, for a 20-MHz LTE
signal with 8-dB PAR, average power
of 120 W can be obtained with a drain
efficiency of equal or greater than 50%
over most of the frequency range. This
is the best result in industry in terms of
power gain flatness, output power, and
back-off efficiency achieved over a wide
frequency bandwidth of 1.8 to 2.2 GHz.

High backoff efficiency, above 50%,
and high-power gain, about 12 dB, can
be achieved from 1.8 to 2.2 GHz at an
exceptionally high output-power level
of about 1 kW corresponding to the
2-dB gain compression point. In addi-
tion, the modified asymmetric Doherty
amplifier offers the capability to oper-
ate with digital predistortion (DPD) in
order to meet stringent spectral mask
requirements.
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What'’s the Difference?
JACK BROWNE | Technical Contributor

Bandying the Benefits
of MEMs and MMIICs

High-frequency MEMS and MMICs are key components in helping to miniaturize RF/
microwave circuit designs, even though they function in completely different ways.

iniaturization has allowed a growing

number of electronic functions to be

packed into pocket-sized designs and,

in the case of microelectromechanical-
systems (MEMS) devices, even mechanical functions can be
included in those designs. MEMS devices are perhaps best
known as miniature switches, although they are also gaining
popularity when used as frequency sources, such as oscillators.
They can be packaged in similarly small enclosures as purely
electronic devices, but how do MEMS devices differ from sim-
ilar-sized electronic circuits, such as monolithic-microwave
integrated circuits (MMICs)?

The most essential difference between MEMS and MMICs
is that MEMS are designed to function with moving parts, as
electromechanical devices, while MMICs are meant to oper-
ate fully electronically. Because of the mechanical capabili-
ties, MEMS devices are capable of producing high-frequency
resonances (serving as resonators and oscillators), as well as
the reverse function of detecting vibration (as in audio micro-
phones).

At RF and microwave frequencies, companies such as
SiTime (www.sitime.com) have built comprehensive portfolios
of oscillators and timing products based on MEMS technol-
ogy which challenge or exceed the performance of traditional
quartz crystal temperature-compensated crystal oscillators
(TCXOs).

With the capability to fabricate microminiature moving
parts, RF MEMS technology is a natural candidate for certain
component functions, such as switches. Companies such
as Analog Devices (www.analog.com), MEMtronics Corp.
(www.memtronics.coms), Radant MEMS (www.radentmems.
com), and WiSpry (wispry.com) have established strong track
records in reliable, high-performance RF/microwave switches
based on MEMS technology, with open and closed switching
states often determined by the position of a mechanical part,
such as a cantiliever.

For example, MEMS switches from Analog Devices (Fig. 1)
are fabricated on silicon (Si) substrates, building on the com-
pany’s vast experience in designing and constructing silicon
integrated circuits. The microminiature switches are based on
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the use of electrostatically actuated cantilever beam switching
elements. When applied, the electrostatic force is sufficient to
overcome the spring force of the cantilever beam and form
a metal-to-metal contact to close the conductive path of the
switching elements.

1. MEMS switches such as this are fabricated on high-resistivity sili-
con (Si) substrates, using techniques quite similar to those used for

creating semiconductor devices. (Courtesy of Analog Devices)

MEMS switches have been developed on Si wafers using
a variety of different approaches, including Si CMOS semi-
conductor processes to produce MEMS switches capable of
operation at millimeter-wave frequencies for possible use in
5G wireless communications networks. As with transistors
and other semiconductor devices, MEMS components have
been fabricated on substrate materials other than Si, including
gallium arsenide (GaAs) and gallium nitride (GaN) substrates.

MAKING MMICs

In contrast, MMICs are essentially miniaturized RF and
microwave circuits, designed and fabricated using many dif-
ferent semiconductor processes and with many different levels
of integration. MMICs may have thousands of monolithic
active and passive circuit elements and components, with a
substrate measuring just a few square millimeters.
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MEMS and MMICs

Analog circuit functions may be active (such as amplifi-
cation), or passive (e.g., attenuation), although functional
control is performed by means of applied energy. MMIC
technology allows highly integrated portions of systems, such
as receiver front ends, to be mass produced using proven
high-frequency semiconductor processes—for example, those
based on silicon germanium (SiGe), Si, GaAs, and GaN sub-
strate materials.

The MMIC circuits can be impedance matched to 50 Q
at input and output ports for ease of cascading in multiple
MMIC designs. Although RF/microwave MMICs are available
from many suppliers in die form, they are probably more often
used in packaged form, added to printed-circuit-board (PCB)
designs in the firm of packaged surface-mount-technology
(SMT) components.

A single chip or packaged MMIC can replace what was once
a receiver front end constructed with a long list of discrete
components and matching elements. These include frequency
mixers, filters, oscillators, amplifiers, and attenuators and the
transmission lines required to interconnect them.

Although the majority of MMIC devices are active in
nature (such as amplifiers, receivers, and transceivers), the
technology also lends itself to the production of low-cost,
highly repeatable passive components (filters and frequency
multipliers, to name two). For example, Custom MMIC
(www.custommmic.com) has established itself as a reliable
supplier of both active and passive MMICs, including a
line of passive MMIC frequency doublers. The most recent
model, the CMD226N3 frequency doubler (Fig. 2), turns
input signals from 7 to 11 GHz to output signals from 14 to
22 GHz.

Because it is passive, signal power is lost from input to
output, with typical conversion loss of 9 dB. But because the
component is fabricated as a MMIC, it can also be housed in
a miniature QFN-type surface-mount package to save circuit-
board space, and its input and output ports are matched to

50 Q, eliminating the need for matching circuit elements or
transmission lines on the circuit board.

The passive nature of the doubler also minimizes its con-
tributions to system phase noise, compared to an active fre-
quency doubler in which amplification can also increase the
amount of phase noise. For its small size, the MMIC frequency
doubler can also handle fairly large input signals, to about 0.5
W (+27 dBm), enabling it to be used in a variety of different
applications, including commercial satellite communications
(satcom) systems and military radar systems.

MILLIMETER-WAVE MMICs

Both MEMS and MMICs rely on semiconductor process-
ing methods to form small device features on various types
of semiconductor wafers. The motivation for both types of
components is the same—to save size, weight, and cost for the
circuit functions they are implementing—with investments in
MMICs tracing back to defense system requirements estab-
lished by ARPA (now DARPA) for highly integrated circuits
capable of operating at low power levels for portable applica-
tions, including manpack radios.

Defense and aerospace needs for both MEMS and MMICs
are still strong, but a number of emerging commercial appli-
cations are creating needs for both types of devices in areas of
the spectrum that have been lightly used (compared to lower
frequencies) to this point: the millimeter-wave region. The
increasing use of millimeter-wave radar devices in automo-
tive collision-avoidance systems and the expected need of
mass-produced millimeter-wave radio MMICs and MEMS
switches for short-haul links in 5G wireless communications
networks has encouraged a number of MEMS and semicon-
ductor companies to pursue higher-frequency devices for
the expected large-volume demands for millimeter-wave
components.

For example, Plextek RFI (www.plextek.com) is a long-time
innovator in GaAs MMIC technology currently involved in
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single chip or packaged MMIC can replace what was once

a receiver front end constructed with a long list of discrete
components and matching elements. These include frequency mixers,
filters, oscillators, amplifiers, and attenuators and the transmission lines
required to interconnect them.

exploring the possible opportunities
for active components in 5G systems.
The company notes that no single mil- P l M l ® h l ° k
limeter-wave frequency band will serve Owe’:f u u tlp at ln

the needs of short-haul links in all 5G _ I
systems around the world, due to the p. f )
d}i’fferent spectrum allocations made Emulator
by different regulatory groups, such
as the FCC in the U.S. The FCC has
designated spectrum at 37 GHz (37.0

to 38.6 GHz) and 39 GHz (38.6 to 40.0
GHz) on a flexible trial use basis for 5G Multipath Rayleigh & Rician Fading

systems. o Unmanned Arial Vehiclé (UAV) testing
Of course, practical implementa-

tion of communications links for these Sophisticated Satellite link emulation
frequency bands assumes the avail-
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ability of affordable components at 7

these frequencies, which represents
an opportunity for a mass-producible Test solutions for ....
device technology such as GaAs MMIC
technology. Plextek RFI’s design teams

have already examined possible design MUOS - mobile user objective system
solutions for the two frequency bands, :

WIN-T - warfare informati(;)'h networks, tactical

including separate amplifiers or a sin-

JTRS /— Joint Tactical Radio System

gle broadband amplifier to cover both
bands, but created a GaAs MMIC that IRIS - Intéfnet routing in space
incorporates two switchable amplifiers -
to cover the two frequency bands with
the best combination of small size, per-
formance, and low cost.

The switchable GaAs MMIC ampli-
fier chip is fabricated on a high-vol-
ume 0.15-um GaAs pHEMT process
and housed in an SMT-compatible

air-cavity QFN plastic package. The
innovative design is just one of the
GaAs MMIC devices that the com-
pany is developing for 5G applications

which, along with automotive elec-
tronic safety systems, should drive a
growing need for both RF MEMS and
RF/microwave MMICs for years to
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Application Notes

SIGNAL GENERATORS STRIVE for Cleanliness

PECTRAL PURITY IS an impor-

tant characteristic, as it repre-

sents a signal’s inherent stability.
Furthermore, stability can be defined as
either long-term or short-term. Signal
generators must be capable of generat-
ing spectrally pure signals to allow for
effective measurements. This topic is the
subject of a new application note from
Keysight Technologies titled “Signal
Generator Spectral Purity”

The application note first defines
both long-term and short-term stabil-
ity. Long-term stability, or drift, is usu-
ally defined over a period of time greater
than one second. Current signal genera-
tor technology generally allows for good
long-term stability, according to the doc-
ument. Short-term stability is of greater
concern. It is a result of fluctuations from
non-deterministic signals, such as shot

noise and flicker noise. This noise effec-
tively modulates a carrier, affecting both
amplitude and phase.

spectrally pure signals. Furthermore, the
application note illustrates an adjacent
channel selectivity mea-

Short-term  stability
is commonly depicted as
a plot of the single-side-

band (SSB) phase noise

Keysight Technologies
400 Fountaingrove Pkwy.
Santa Clara, CA 95403

(800) 829-4444
www.keysight.com

surement, which is often
performed to determine
how well a receiver can re-
ject unwanted signals.

in a 1-Hz bandwidth ver-
sus frequency offsets from the carrier.
SSB phase noise is expressed as decibels-
relative-to-the-carrier (dBc). In addition
to SSB phase noise, spurious signals and
residual FM are both described.

The importance of spectral purity for
mobile radio is discussed. Essentially, the
spacing between radio channels is de-
creasing due to the scarcity of available
spectrum. Thus, designers must ensure
that receivers attain greater selectivity.
Measuring the selectivity of a receiver re-
quires a signal generator that can generate

An illustration shows
how a signal generator with inadequate
phase noise performance can effectively
nullify measurements. After mention-
ing the hum and noise measurement,
the application note also explains why
it is important for a signal generator to
generate spectrally pure signals when it is
used it as a local-oscillator (LO) substitu-
tion in a test setup. Another point that is
mentioned is how current radar systems
demand better target resolution. Thus,
spectrally pure LOs/signal generators are
required.

DISCOVER AN ALTERNATE Approach for Group Delay Measurements

GROUP DELAY IS a critical parameter that helps to character-
ize the quality of a transmission channel. Group delay mea-
surements are commonly performed with a vector network
analyzer (VNA), which essentially steps through a frequency
of range of interest and performs a user-specified number
of measurements. However, an alternative method, which
involves the combination of a spectrum analyzer and sig-
nal generator, can also be used to measure

generator. While the typical VNA-based method is to sweep
across a frequency range of interest, the multi-carrier meth-
od involves a multi-carrier signal that contains several sine
waves. Each sine wave has a specific frequency and phase.
By taking advantage of a multi-carrier signal, it is then pos-
sible to determine group delay over a given frequency range.
For the sake of comparison, the group delay of a band-
pass filter was measured with both a VNA

group delay. This method is the subject of an
application note from Rohde & Schwarz titled
“Group Delay measurements with Signal and
Spectrum Analyzers.”

Rohde & Schwarz
Miihldorfstrasse 15

81671 Munich, Germany
(800) 837-8772
www.rohde-schwarz.com

and a spectrum analyzer/signal generator
test setup that used the multi-carrier method.
The results from both measurements were in

good agreement. Moreover, when utilizing the

The application note begins with some
basic theoretical information concerning group delay. It
then explains how VNAs are used to measure the group
delay of non-frequency converting components, such as
filters and amplifiers. In addition, several techniques can
be utilized to enable a VNA to measure group delay when
frequency conversion does take place.

Multi-carrier group delay measurements are then dis-
cussed, as this technique essentially allows group delay to
be measured with a spectrum analyzer together with a signal

spectrum analyzer/signal generator method,
the application note points out the importance of using at-
tenuator pads when measuring a device-under-test (DUT)
with high input or output reflections.

While the multi-carrier method offers the benefit of faster
measurement times, some challenges are also associated
with this approach. One challenge involves signal-to-noise
ratio (SNR), which decreases as the number of carriers in-
crease. Another challenge involves intermodulation-distor-
tion (IMD) products.
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Technology Feature
MEHDI ARDAVAN | Norsat International

www.norsat.com

Determining the Safe Distance
from a Reflector Antenna

This article explains how to determine the power density of a radiating parabolic
reflector antenna in the far- and near-field regions to meet safety requirements.

he electromagnetic (EM) energy radiated from
an antenna may exceed the limits of safe human
exposure, especially when the safe power levels
and field intensities at different frequency bands
are specified. Determining whether the safety criteria are
satisfied when in a close vicinity of a large parabolic reflector
antenna requires the knowledge of the near-field parameters.
In this article, existing methods are used to estimate these
parameters, which are then compared with industry standards,
such as the Federal Communications Commission’s (FCC) OET
Bulletin 65 or Health Canada’s Safety Code 6, to determine the
safe distance.> 3 The results provided are for reference only and
the user must measure the field parameters to ensure safety.

INTRODUCTION

As a provider of different types of antennas for satellite com-
munications (satcom), Norsat International (www.norsat.com)
and many other companies conduct numerous tests to evaluate
product performance. In a recent Norsat project, an X-band
terminal underwent a Wideband Global Satcom (WGS) certi-
fication process. The antenna had to transmit up to 80 W for
multiple 24-hour sessions in order to demonstrate its compli-
ance with the MIL-STD-188 164B standard.! To ensure the
protection of the staff and public, Norsat used industry safety
standards to determine safe human-exposure levels.

The exposure limits, in both FCC Bulletin 65 and Safety
Code 6, are provided in terms of the electric field intensi-
ty, magnetic field intensity, and power density. To compute
these parameters using simple and conventional methods, the
observer must be in the far field of the antenna, which is the
region beyond the Fraunhofer distance.

As Norsat staff members would approach the antenna regu-
larly, it was essential to establish the safety rules for the near-
field region as well. Hence, the field parameters at positions
closer than the Fraunhofer distance had to be determined. In
this article, we will focus solely on the power density.

Farrar and Chang provide a series of figures and a guideline
for estimating the field parameter in the near-field region.*
However, the shortcoming of this method is that it is only valid
on the axis of the boresight of the antenna.
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For a given radial distance in the near-field region, Kobayas-
hi provides an estimate of the ratio by which the near-field
power and field intensities are reduced versus the offset angle
from the boresight axis.’

Using both references, the power and field intensities can
be estimated at different distances and offset angles from the
boresight in the near-field region. Areas with power consid-
ered hazardous by industry standards are cordoned off and
access is blocked.

The section below reviews the theory for power-density
calculation at far field and presents a summary of the method
of estimating the power density in the near field. Later on, we
will apply this method to a practical problem and determine
the safe distances from the antenna.

ELECTROMAGNETIC POWER DENSITY AND SAFETY
GUIDELINES
The power density, S, radiated from an antenna with a gain
of Gy and at distance of R is given by:
_ RG; (1)
" 4mR?

provided the distance, R, is greater than the Fraunhofer

distance, which defines the far-field region. The Fraunhofer
distance is determined by:
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2D? (2)
S

where D is the largest dimension of the antenna and A is the
wavelength.

If located in the far-field region, the power density com-
puted by Eq. 1 can be compared to the exposure limits defined
by OET Bulletin 65 or Safety Code 6.

Safety in the Far Field

Safety Code 6 defines the exposure limits differently for
controlled and uncontrolled environments. The uncontrolled
environments have more conservative limits. For an X-band
signal in uncontrolled environments, the maximum RMS
value of the electric field intensity (E,), the maximum RMS
value of the magnetic field intensity (H,,), and the maximum
power density (S,,) are as follows:

E,, =61.4 (V/m)
H,, =0.163 (A/m)
Sm =10 (W/m?)

OET Bulletin 65 of FCC provides the same exposure limit of
10 W/m? for power density for X-band signals.

In the far field, it is sufficient to satisfy the power-density
criterion since the other two parameters are directly related to
the power density and the wave impedance.

Knowing the gain of the antenna and the transmitted power,
we can compute the distance at which the power density is S,.
This distance is denoted by R, and determined by:

. PG, (3)
™ l4nS,,

R, computed by Eq. 3 is accepted only if it is larger than Ry.
The distance R, is usually computed for the boresight. How-
ever, if the observer is away from the boresight by elevation
and azimuth angles of 0, and ¢,, respectively, we then have:

(4)

PG (80, o)
4mShy

which will result in a smaller distance as the gain, G{(8,, 9,),
away from the boresight is significantly smaller than the gain
at the boresight for any offset angles significantly larger than
half-power beamwidth.

Safety in the Near Field

In the near-field region, some approximations are required
to estimate the power density. The National Telecommuni-

GO TO MWRF.COM

cations and Information Administration (NTIA), located
within the Department of Commerce, has a series of docu-
ments in which such approximations and procedures are
provided.*?>
First, we must determine the far-field power density at the
boundary of the far-field and Fresnel regions (Sy). Then the
procedure to estimate the power density in closer distances is
mainly divided into three sections:
1. Determine the tapering factor of dish illumination,
which shows how uniformly the dish is illuminated.
A tapering factor of n = 0 means that the feed antenna
illuminates the dish uniformly. As n increases, illu-
mination rapidly decreases by moving away from the
center of the reflector.
2. Determine the correction factor for power density
along the boresight in the Fresnel or near-field regions.*
3. Determine the correction factor for the off-boresight
angle.>

Correction factors depend on the tapering factor of the
dish. We apply the correction factors to Sy and estimate the
power density at the desired point.

The above items are described in more detailed steps as
follows:

1. Determine the tapering factor, n.

o Determine \/D, where D is the diameter of the dish
and X is the wavelength at the largest frequency.

o Determine the half-power beamwidth from gain pat-
terns, 0.

o Determine the 6/(A\/D), and compare it to the factor
in the second column of Table 1 on Page 3-2 of ref. 5.
Based on this comparison, choose a tapering n from
the first column.

2. Determine the Fraunhofer distance:

2Dn2
Re=3-

3. Determine field power density at R¢:

PG
Se =
f 4T'ER|:|2

where G is the numerical value of the gain of the antenna.
4. Determine the normalized distance:

=0
=%

5. Use Figure 4-3(b) in ref. 4 to determine the on-axis
power density for p and n = 1. If tapering is different, use the
applicable plots in Figures 4-3.

6. Determine the off-axis angle according to the desired
observation point.

7. Use Figure 3-10e in ref. 5, assuming n = 1, to determine
the correction factor. Apply the correction factor.
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Safe Distance from a Reflector Antenna

APPLICATION TO AN 80-W, 1.5-M ANTENNA
An 80-W, X-band antenna with a 1.5-m reflector was used
in this project. At the largest frequency, 8.4 GHz, the wave-
length is 0.0357 m and the diameter of the parabolic reflector
antenna is 1.5 m. Using Eq. 2, we determine the Fraunhofer
distance:
Re = 2D? _ 2x(1.5)%

A 00357 =126m

At this distance, the power density of our terminal is computed
by Eq. 1. The computed result is 3.2 W/m?, less than 10 W/m?.

Hence, for all off-boresight angles, if the radial distance
from the antenna is 126 m or more, the exposure to EM power
will be within the safety limits.

Safety at a Specific Position

Given the geometry of our test location, we were interested
in knowing the power density at distance of R = 42.2 m. Since
R < Rrand we are in the Fresnel region, it is required to go
through the steps defined in the previous section.

At 8.15 GHz, our test frequency, the half-power beamwidth,
is about 1.74 degrees, which equals 8 = 0.0304 radians and A =
0.0368 m. Therefore, \/D = 0.024.

Hence, 6/(A\/D) = 1.24, which is close to the factor 1.27 in
column 2 of Table 1 on Page 3-2 in ref. 3. Asa result,n = 1. The
tapering factor is assumed to be the same at all frequencies of
the transmit band.

The smallest distance that can be considered far field at 8.15
GHz for a 1.5-m dish is about 122 meters. At this distance, the
power density of our terminal is:

PG _ 2
.z = 33W/m

So the normalized distance is computed by:

R 42.2

The correction factor obtained from Figure 4-3 (b) in ref.
2 at p = 0.35 is about 10. Hence, the power density at this
distance, on the boresight axis, is about 3.3 x 10 = 33(W/m?),
which is above the safety requirement.

To ensure the safety at this location, we introduce a cone
with an apex angle of 20 degrees around the boresight axis.
Nobody is allowed to enter the conic section. So at the edge of
the cone, the offset angle is 10 degrees. To show that the expo-
sure is within the safety limit at this angle, we use Figure 3-10e
in ref. 3. In this figure, the correction factor for angles above 10
degrees is well below —20 dB, which is 1/100 for power density.

Hence, the power density at a radial distance of 42.2 meters
and 10 degrees away from the boresight is less than:
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13 w

3.3x10x% e 0.33

m2

which is far less than 10(W/m?) as recommend by ref. 1.

In this case, a 20-degree cone, 10 degrees from boresight,
provided a good safety level. This can be verified at a worst-
case scenario.

Worst-Case Scenario

Figure 4-3(b) of ref. 4 shows that the highest correction fac-
tor of 43 occurs at the normalized distance of about 0.1. There-
fore, the maximum on-boresight power density is:

w

3.2x43 =137 —;
m
At the edge of the 20-degree cone, the 10-degree offset angle

correction factor, as shown by Figure 3-10e, is well below
1/100. Hence, the power density is less than:

w

3.2x43x — =137 —
100 m?

which is less than 10(W/m?), as recommend by refs. 2 and 3.

The offset angles usually assume that the radiating antenna

is a point-source. To ensure safety, it is recommended that

the unsafe region is extended such that it encompasses the
20-degree cone plus a margin of D/2 =75 cm.

The FCC Approach to the Worst-Case Scenario
In the FCC OET Bulletin 65, the maximum on-boresight
near-field power density is approximated by:

S __ 16eP
max = pp2

where e is the aperture efficiency and is usually between 0.5
and 0.75. Considering an aperture efficiency of 0.75, the maxi-
mum power density is:

__ 16x0.75x80

w
Smax = 1z m?

= 135.9

which is very close to the value computed at the previous
section.

However, due to the radome effects, the total efficiency of
our antenna is close to 0.5. As a consequence:

__ 16X0.5X80
Smax ir 1r1.52

=90.6

w
m2

(Continued on page 85)
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Product Trends
JACK BROWNE | Technical Contributor

Supporting an Expanding

Sate

ife Constellation

Growing use of satellites for communications, navigation, weather, and other func-
tions is boosting the demand for active and passive components.

SATELLITES ARE BEING launched with greater frequency as
they become more routine parts of communications net-

work infrastructure. In addition to major systems for com-
munications, smaller spacecraft (such as CubeSats) are being
launched for research purposes, driven by initiatives from
NASA. Global satellite communications (satcom) markets are
projected to grow for many years.

Satellites are also used for many other non-communication-
related applications (Fig. 1), including for gathering weather and
geological data (such as the Landsat system), as well as providing
timing and navigational information (such as the GPS systems).
Still, it is their capabilities to send and receive signals beyond
ground-based physical and electromagnetic (EM) obstructions
that make them attractive for communications links.

While an increasing number of smaller satellites are being
launched, some big birds still fly. Most recently, ViaSat (www.
viasat.com) announced the completion of a critical design
review (CDR) milestone for its ViaSat-3 class spacecraft, now
moving forward with Boeing on building, performing systems
integration, and fully testing their first two ViaSat-3 satellites,
powered by all-electric propulsion systems.

The ViaSat-3 satellites will be the largest satellites in the
industry. Operating at Ka-band frequencies, these first two
will provide coverage for the Americas and EMEA (Europe,
the Middle East, and Africa), respectively, with a third ViaSat-3
satellite planned for the Asia Pacific region. The Ka-band
bandwidth will enable tremendous flexibility and speed in
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1. Satellites are used for a variety of applica-
tions, including for communications, naviga-
tion, and weather monitoring. (Courtesy of

Princeton Microwave Technology)

terms of internet access and data trans-
fers. Each satellite is expected to provide
more than 1 TB/s network capability.

The beauty of communications via sat-
ellite is that a system like a ViaSat-3 can
reach users wherever they are, requiring
simply a ground station in the form of an
antenna and transceiver—the satellite is
the rest of the infrastructure. There are
no copper or optical cables to run along rough terrain and no
wireless base stations and antenna towers to build, with lim-
ited coverage per base station.

As with any technology, satellites have their tradeoffs, such
as signal loss due to rainfall attenuation. But for areas without
existing communications infrastructure (e.g., Africa), satcom
technology requires an initial investment in the development
and launch of an orbiting satellite, and then the network can be
expanded over time with a growing number of ground stations.

BUILDING THE PARTS

Satcom systems require a large number of high-frequency
components, both in orbit and on the ground, in maritime ter-
minals, and in commercial and military aviation systems that
communicate by means of satellites. High-frequency compo-
nents for use in satellites must be unquestionably reliable with
consistent performance over long operating lifetimes, meeting
the requirements for “space-qualified” components since they
cannot be replaced upon failure.

Crane Aerospace & Electronics (www.craneae.com) builds
space-qualified passive components, including circulators and
isolators, couplers, and power dividers, according to proven
designs from acquired companies (such as Signal Technology
and Merrimac Industries). The components are rigorously
tested and have demonstrated unfailing reliability on a wide
range of satellites, including Galileo, GPS, Iridium, MILSTAR,
and Inmarsat satellites.
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Expanding Satellite Constellation

2. Receive anten-
nas are key com-
ponents in any sat-
com system, such
as this reflector
designed for Ka-
band reception.
(Courtesy of Elite
Antennas)

3. This feed
system was
developed for
efficient opera-
tion with differ-
ent polarization
methods at Ka-
band frequen-
cies. (Courtesy of

Elite Antennas)

Contractors for satellite-based systems rely on space-proven
components that will provide high performance levels over a
long operating lifetime. In some cases, such as the defense-
based satellite systems developed by General Dynamics Mis-
sion Systems (gdmissionsystems.com), components are built
according to a large library of modeled and constructed com-
ponents, with physical dimensions and mechanical tolerances
of waveguide components carefully controlled for repeatable,
predictable performance.

Waveguide is essential for satcom components, due to its
durability and low loss at higher frequencies. As satellite systems
move towards Ka-band and higher frequencies, waveguide inter-
connections and components help to preserve the signal power
at those frequencies by combining low insertion loss with low
return loss (low VSWRs) for reflectionless interconnections.

Because of the rigorous testing required to ensure “space-
qualified” performance levels, many suppliers of RF/microwave
components for satcom applications are well-established com-
panies with lengthy track records of having supplied various
components. ARRA, for example, is a long-time supplier of
waveguide bends and other waveguide components for space
applications, with the machine shops and expertise to maintain
the tight physical tolerances required for matched amplitude
and phase performance within different satcom bands.

Several long-time satcom component suppliers are now
under the L3 company banner as L3 Narda-MITEQ (nar-
damiteq.com) and L3 Narda-ATM Microwave (www.atm-
microwave.com). As with many other areas of high-frequency
electronics, satcom equipment is being designed for increased
functionality in smaller packages.

72

A long-time leader in components for satcom applications,
L3 Narda-MITEQ, for example, has developed a patented
line of space-saving satcom products in one-third-rack con-
figurations, including amplifiers, frequency upconverters and
downconverters, frequency translators, frequency synthesiz-
ers, and receivers, with the same performance and functional-
ity as the full-rack-size units.

L3 Narda-ATM Microwave, which supplies a variety of
coaxial and waveguide components, is well aware of the
growing need for satellite components at Ka-band frequen-
cies: 27.5 to 31.0 GHz for the uplink and 18.3 to 20.2 GHz
for the downlink. The firm’s component lines include power
dividers, attenuators, phase shifters, couplers, and termina-
tions, both space-qualified versions and those for ground-
station use.

In support of growing needs for antennas for Ka-band sat-
com links, Elite Antennas (www.elite-antennas.com) has devel-
oped an extensive line of antenna feeds (Fig. 2) and parabolic
reflectors (Fig. 3) with diameters from 0.9 to 4.5 m diameter
for the 17-to-22-GHz receive band. The antennas are available
with circular or linear polarization. The company also supplies
a wide range of antennas for commercial and military use,
including a 600-mm-diameter reflector antenna with SMA
connector for broadband coverage from 7.5 to 18.0 GHz, for
signal intelligence (SIGINT) applications as well as for test
purposes with a spectrum analyzer.

As markets for RF/microwave satcom components become
more competitive, pressures force component manufacturers
to find ways to provide outstanding performance at lower
prices. Even smaller suppliers such as Princeton Microwave
Technology (princetonmicrowave.com) must adjust to the
pricing pressures and they have responded with competitive
amplifier lines, including power amplifiers (PAs) and low-
noise amplifiers (LNAs).

For example, a compact X-band LNA developed for 10.9 to
11.7 GHz measures 1.5 x 1.5 x 2.4 in. with WR-75 waveguide
input and SMA output connector. It provides 45-dB small-
signal gain with +15-dBm output power at 1-dB compression
across the frequency range. It features low noise levels, with
typical noise figure of 1 dB or less and spurious levels of —80
dBc. In addition to LNAs and power amplifiers for satcom use,
the firm also produces lines of passive components, including
power dividers, couplers, filters, frequency mixers, bias tees,
and DC blocks.

As satcom markets expand, additional component manu-
facturers are expected to support these markets with active
and passive RF/microwave components, both for broadband,
multiple-purpose use and targeted for specific satellite fre-
quency bands. This report has provides a brief sampling of
suppliers. Interested specifiers are invited to visit Source ESB
(www.sourceesb.com) for more complete listings of satcom
component suppliers. Tl
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RF/Microwave Industry
Returns to Boston for

EDI CON 4

The second-ever edition of this event to
be held in the continental U.S. drew in

a crowd to its show floor and technical
sessions.

iven a late-summer chance to gather in Bos-

ton, a healthy portion of the RF/microwave

industry came together this September for

the Electronic Design Innovation Confer-
ence & Exhibition (EDI CON; www.ediconusa.com), held in
the Hynes Convention Center.

The conference and exhibition drew a broad cross section
of the industry, from amplifier designers to software and test
equipment suppliers, with the common themes of 5G and
more millimeter-wave applications running through many of
the technical presentations and at the exhibition booths. Visi-
tors to the show were knowledgeable, and many appear to be
preparing for the coming of 5G wireless networks—and what
that will mean for them and their companies.

Held Sept. 11-13, the 2017 edition of EDI CON attracted
thousands of visitors and more than 100 industry company
exhibitors, showing everything from tiny active devices to large
test systems. The show floor provided a representative sampling
of the industry, with opportunities for visitors to pick up free
demonstration copies of design and test software and learn more
about new developments at some of the leading companies.

MACOM (www.macom.com) greeted EDI CON exhibition
visitors from a small but highly visible booth near the entrance
of the show floor. Although the booth held samples of the
company’s many diode and optical communications compo-
nents, perhaps the products of greatest interest were based on
MACOM’s GaN-on-Si technology, such as high-power tran-
sistors and integrated amplifiers.

One of the company’s impressive discrete GaN transistors,
the MAGe-102425-300, is based on fourth-generation GaN-
on-Si technology. It operates on +50 V dc and delivers 300
W saturated output power with 16-dB gain at 2.45 GHz. The
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1. The MAGe-102425-300 discrete power transistor is an example of
the output power possible from GaN technology, with 300 W saturat-
ed output power with 16-dB gain at 2.45 GHz. (Courtesy of MACOM)

transistor, which is supplied in a rugged flange housing (Fig.
1), is intended for ISM-band applications at 2.4 to 2.5 GHz. It
is a candidate for solid-state heating and cooking applications
and even for use in automotive ignition systems.

Just across the aisle from MACOM, several large booths
from Analog Devices (www.analog.com) and National Instru-
ments (www.ni.com) dominated the show floor and captured
the attention of visitors with active demonstrations of their
products. For Analog Devices, it was the various versions of its
RadioVerse radio integrated circuits (ICs) that brought inter-
ested parties to the booth, especially those working on wireless
communications systems. This series of agile RF transceivers
based on software-defined-radio (SDR) technology provides
users with the flexibility to meet performance requirements by
means of software tuning, while minimizing power consump-
tion and taking advantage of the network benefits of massive
multiple-input, multiple-output (MIMO) antenna techniques.

The EDI CON crowd was energized by the introduction
of the latest RadioVerse transceiver, the AD9375 (Fig. 2), at
the show. Building on the proven design of the firm’s earlier
AD9371 radio transceiver, the AD9375 covers a range of 300
to 6,000 MHz with dual differential transmitters and receivers.
It includes an observation receiver with two input ports and a
sniffer receiver with three input ports.

The highly integrated transceiver includes its own digital-
predistortion (DPD) circuitry for a significant reduction in
power consumption compared to DPD system approaches
based on external field-programmable gate arrays (FPGAs).
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2. The AD9375 RadioVerse transceiver

was one of the more integrated de-
vices to be found at the 2017 EDI CON,
with dual differential transmitters and
receivers and several “auxiliary” re-
ceivers for use from 300 to 6000 MHz.
(Courtesy of Analog Devices)

The simplicity and lower cost resulting from the DPD integra-
tion helps to speed wireless communications functionality to
market in small cells and other smaller wireless application
areas. The AD9375 supports 3G and 4G waveforms with
instantaneous signal bandwidths as wide as 40 MHz.

Across the floor, National Instruments was showing how mod-
ular PXI Express test instruments fit together to create a complete
RF/microwave measurement system—in this case, its PXI Vector
Signal Transceiver (VST) system. Of the many different test-
instrument formats on the EDICON show floor, the VST’s three-
slot, 3U-high PXI Express format might have been one of the
more familiar “plug-and-play” modular measurement systems
for many visitors, with its capabilities to perform real-time vector
signal measurements through 6 GHz and show results instantly
by merit of a high-power SDR architecture. Measurements are
greatly simplified through the use of the VST test software,
based on the company’s popular LabVIEW test software.

SOFTWARE SOLUTIONS

Not to be outdone, the folks on the software side of the
house at NI AWR (www.awrcorp.com) demonstrated the new
features in the latest version of Version 13 of the NI AWR
Design Environment (Version 13), including Microwave
Office for designing and optimizing the performance of high-
frequency circuits. Visitors to the NI AWR booth had a choice
of computers with different software programs and could even
perform system-level simulations using a copy of the NI AWR
Visual System Simulator (VSS).

Visitors to the booth could also learn more about the Lab-
VIEW Communications System Design Suite, which allows
users to design and prototype communications systems based
on National Instruments’ flexible software-defined-radio (SDR)
system architecture. The single development platform includes
a system designer, compiler, and design simulation tools to
explore different architectures before committing to hardware.

Nuhertz Technologies (www.nuhertz) offered visitors to its
booth (and website) free 30-day trials of its FilterSolutions fil-
ter design software, including literature handouts on capabili-
ties for designing RF/microwave filters with defected ground
structures (DGS). In a microstrip circuit, a DGS is some form
of intentional defect or etching in the ground plane that results
in notch resonators, which can be used to reduce, for exam-
ple, spurious levels or tune spurious frequencies in different
kinds of high-frequency filters. The FilterSolutions software
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includes an export function that allows it to work with DGS
models from the NI AWR Design Environment.

Mician GmbH demonstrated how to use its yWave Wizard
full-wave three-dimensional (3D) EM simulation software to
create high-frequency components, with the help of a large
library of predefined shapes and elements. The user-friendly
software is written in modular fashion, with blocks devoted
to designing different types of filters, such as lowpass filters
(LPFs), bandpass filters (BPFs), and antennas. Modules are
also devoted to optimization, yield analysis, and even per-
formance tuning, allowing users to perform analyses in the
frequency and time domains.

COMSOL (www.comsol.com) presented visitors with its ver-
satile COMSOL Multiphysics software and how it can be used
for such “unorthodox” modeling challenges as studying the
nonlinear thermal effects of heat sources (such as power tran-
sistors and amplifiers) embedded in electronic circuits and
systems. The software’s thermal models are based on computer
tomography studies of different materials, and these models
provide software users with the opportunity to simulate the
impact of, for example, different packaging materials on the
thermal management of a design at different power levels.

TESTING THE LIMITS

For engineers in need of an
upgrade on the test bench, EDI-
CON offered more than a few
examples of the latest RF/micro-
wave test instruments, including
pocket-sized one-port VNAs
from Copper Mountain Technol-
ogies (www.coppermountaintech.
com). With units covering band-
widths as wide as 1 MHz to 18
GHz, such as the R180 (Fig. 3),
these USB-powered reflectom-

3. The R180 one-port, USB-
powered VNA is a compact

eters make it possible to bring  reflectometer for measure-

the test equipment to the device ments as wide as 1 MHz to
under test (DUT), without
cables—rather than the other

way around—for highly accu-

18 GHz. (Courtesy of Copper
Mountain Technologies)

rate reflectometer (S;;) measurements. As with other USB test
instruments, data is stored and displayed on the host computer’s
screen and popular test software programs, such as LabVIEW
and MATLAB, can be used to automate measurements.

In addition to a fair share of exhibition booths with low-
noise signal sources, a number of companies provided the
means to measure the phase noise of those sources, includ-
ing Holtzworth Instrumentation (www.holtzworth.com) with
its HA7062C real-time phase-noise analyzer. The company
leveraged its expertise in frequency synthesizers to create the
reconfigurable front-end design of this analyzer, with a base
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frequency range of 10 MHz to 6 GHz, which can be extended
to 26.5 GHz by adding a frequency downconverter. With a
measurement noise floor of =195 dBc/Hz, the instrument
analyzes source phase noise at offsets from 0.1 Hz to 40 MHz.

Fast switching speed has long been a key characteristic of test
signal sources from Berkeley Nucleonics Corp. (www.berkeley-
nucleonics.com), and the company’s exhibition booth at EDI-
CON 2017 didn’t disappoint, with a number of models provid-
ing microsecond switching speed.

Available with upper-frequency limits of 6.2, 12.5, and
20.0 GHz and from two to eight independent channels, the
855 series signal generators can achieve frequency and pow-
er switching as fast as 10 ps for effective use in automatic-
test-equipment (ATE) systems. Output-power levels can be
adjusted from —90 to +27 dBm and the phase noise is what one
would expect from a high-performance test signal generator:
-131 dBc/Hz offset 1 kHz from a 500-MHz carrier and —115
dBc/Hz offset 1 kHz from a 4-GHz carrier.

For those who simply required more test signal power in
their measurement systems, RF-Lambda (www.rflambda.com)
showed it line of AC-powered microwave amplifiers, including
its model RAMP01G22GA with 8 W output power from 1 to 22
GHz. Suitable for test systems and short-haul communications
links, the amplifier provides 50-Q) impedance-matched input
and output ports and delivers 42-dB gain with 5-dB noise figure
across its wide frequency range. Lower-frequency amplifiers in
the line offer higher power levels, while higher-frequency mod-
els extend past 100 GHz with less output power.

One of the better-kept secrets among the leading test-and-
measurement companies at the 2017 EDI CON was the almost-
hidden HA-Z24E external preamplifier used in a spectrum
analyzer demonstration at the Rohde & Schwarz booth (www.
rohde-schwarz.com). The bandwidth of the amplifier alone, at 1
to 85 GHz, is impressive, but the fact that it delivers about 23 dB
small-signal gain from about 65 to 75 GHz—and is as simple to
connect as plugging in a couple of 1-mm connectors and a USB
connector to the spectrum analyzer—turns a spectrum analyzer
with sufficient bandwidth into a millimeter-wave activity receiver.

The low-key approach of Rohde & Schwarz’s representatives
also belied the outstanding performance of some of the other
instruments on display, including the R&S SMA100B signal
generators, with reference-quality phase-noise performance.
Available in various frequency configurations through 20
GHz, the R&S SMA100B generators (Fig. 4) boast phase noise
of =152 dBc/Hz offset 20 kHz from a 1-GHz carrier with high
carrier power and low harmonic and spurious levels.

Those wishing to learn more about load-pull and source-
pull tuners and testing actually had a choice of equipment and
software suppliers at the 2017 EDI CON, with representatives
from both Focus Microwaves (focus-microwaves.com) and
Maury Microwave (www.maurymw.com) exhibiting their
high-performance test systems.
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4. The R&S SMA100B signal generators offer reference-quality

phase-noise performance to 20 GHz. (Courtesy of Rohde & Schwarz)

Growing interest in millimeter-wave frequency bands for
automotive and 5G wireless applications fuels the need for
developing impedance matching networks for such compo-
nents as power amplifiers, and a multipurpose impedance
tuner such as the MPT 110200 from Focus Microwaves pro-
vides a usable frequency range of 20 to 110 GHz for the design
and development of millimeter-wave components. Similarly,
automated impedance tuners from Maury Microwave were
on display at EDI CON for measurements in bands from 33
to 110 GHz, encouraging new product developments in the
millimeter-wave frequency ranges.

MATERIAL IMPROVEMENTS

A number of materials-based developments were unveiled
on the EDI CON exhibition floor, perhaps most noteworthy
the emergence of Menlo Micro (www.melomicro.com) and its
use of glass substrates to fabricate RF/microwave components.
Growing its technology from research begun at General Elec-
tric’s Global Research Center, Menlo Micro has found a way to
fabricate high-power microwave electromechanical switches
on glass, using proprietary metal alloys and processing tech-
niques. The company’s material-based Digital Micro-Switch
(DMS) technology is based on glass substrates from Corning,
Inc., a supplier that is also an investor in the new company.

In terms of performance, the electromechanical switches
trim insertion loss to less than 0.3 dB through 12 GHz and
are usable across bandwidths as wide as DC to 18 GHz. As an
example, the MM3100 is a six-channel, single-pole, single-
throw (SPST) digital microswitch with bandwidth of greater
than DC to 3 GHz. The on-state insertion loss is less than 0.3
dB at 3 GHz with better than 25 dB isolation at 3 GHz.

To support a growing appetite for millimeter-wave appli-
cations on the show floor, materials supplier Rogers Corp.
(www.rogerscorp.com) displayed samples of its ceramic-filled,
PTFE-based, woven-glass-reinforced CLTE-MW laminates
and 5-mil-thick RO3003 laminates with low loss at millimeter-
wave frequencies. The materials have been used in 77-GHz
automotive radar and provide a starting point for 60 GHz and
other frequencies being considered for 5G wireless networks
(for a full review of CLTE-MW materials, please see p. 76 of this
issue). M
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Circuit Materials Help Build
5G from the Ground Up

These PTFE-based, ceramic-filled, glass-reinforced circuit materials provide cost-
effective stable mechanical and electrical properties needed for mm-wave circuits.

arge amounts of bandwidth will be needed for trans-
ferring the huge volumes of data projected to be part
of 5G wireless networks, and millimeter-wave fre-
quencies offer the amounts of bandwidth needed.
Of course, to make use of that bandwidth at frequencies such
as 60 GHz, practical circuits including transceivers, antennas,
and amplifiers must be designed and implemented, and the
foundation of those circuits is the printed-circuit-board (PCB)
material. For effective use at millimeter-wave frequencies, a
PCB material must fulfill a set of require-
ments that can be unique to that frequency
range (above about 30 GHz). Fortunately,
the latest high-frequency circuit material
from Rogers Corp., CLTE-MW laminates,
features the characteristics uniquely suited
to millimeter-wave applications.
CLTE-MW circuit materials (see figure)
are based on low-loss polytetrafluoroeth-
ylene (PTFE), loaded with ceramic filler
and reinforced with spread glass fabric.
CLTE-MW materials are well suited for
circuits requiring thin laminates, such as
millimeter-wave circuits with extremely
short signal wavelengths that require tight-
ly controlled dielectric constant and signal-
to-ground spacing.
circuits.
MATERIAL REQUIREMENTS
Millimeter-wave frequencies are being looked upon for back-
haul and other short-range communication links within 5G
systems. In addition to being affordable, the circuit materials
for such applications must meet a number of challenges result-
ing from the short wavelengths and limited energy available at
millimeter-wave frequencies. Antennas for 5G networks, for
example, are expected to employ large multiple-input, multi-
ple-output (MIMO) arrays of elements which will be fabricated
on multilayer circuit boards requiring low loss, low dielectric
constant (Dk), and stable electrical and mechanical properties
to achieve consistency among the many antenna elements.
CLTE-MW laminates meet these requirements with typical
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CLTE-MW laminates come in a variety

of thicknesses and cladding options for
low-loss microwave and millimeter-wave

Dk values ranging from 2.94 to 3.05 at 10 GHz (depending
upon the thickness of the material), held to a tolerance of
+0.04. For example, 3-mil-thick CLTE-MW laminate exhibits
a process Dk of 2.94 at 10 GHz while 10-mil-thick material has
a process Dk of 3.00. The design Dk values (used with circuit
simulators as part of the design process) are slightly higher
than the process Dk values for all thicknesses.

As a function of temperature (thermal coefficient of dielectric
constant), the Dk changes only by -35 ppm/°C from 0 to +100°C
as measured at 10 GHz. The loss tangent
is alow 0.0015 at 10 GHz, to preserve the
limited signal energy at millimeter-wave
frequencies. When signal power is availa-
ble, these materials provide the capability
to handle higher signal power levels, with
a thermal conductivity of 0.42 W/m-K
through the thickness (z-axis) of the
material.

An important material specification
for circuits in which considerable pow-
er is generated or transferred, is coeffi-
cient of thermal expansion (CTE). CTE
indicates the dimensional changes in a
circuit material with changes in temper-
ature. For the CLTE-MW laminates, the
z-axis CTE is 30 ppm/°C, representing
very little change in thickness with tem-
perature—especially important for multilayer circuits and cir-
cuits with structures such as plated through-holes which can
become mechanically stressed with dimensional changes. The
CTE in the x and y axes is typically 8 ppm/°C. These relatively
thin circuit materials exhibit high dielectric strength of 630
V/mil for high isolation between conductor layers in multi-
layer circuit designs. Also, high stability under less-than-ideal
operating conditions is evidenced by low moisture absorption
0f 0.03%. [

ROGERS CORP., Advanced Connectivity Solutions, 100 S. Roos-
evelt Ave., Chandler, AZ 85226; (480) 961-1382, www.rogerscorp.
com.
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Broadcom Boosts Vehicle
Navigation with New
Dual-Frequency Recelver

This new dual-frequency GNSS receiver chip—which achieves an accuracy of 30 con—
is intended to significantly improve vehicle navigation.

hile navigation is obviously some-
thing that many drivers depend
on, one company decided to create
a solution to enhance the naviga-
tion experience. That solution is Broadcom Limited’s (www.
broadcom.com) new BCM47755, which is a single-chip, dual-
frequency global-navigation satellite-system (GNSS) receiv-
er (Fig. 1). According to Broadcom, the BCM47755 is the
first mass-market, dual- frequency GNSS receiver device.

It is intended for smartphones, tablets, and wearables. The
BCM47755 could also find its way into other Internet of
Things (IoT) devices.

1. This chip combines a dual-
frequency receiver and a next-
generation dual processor.

Traditional GNSS receivers have only used the L1 signal.
However, the BCM47755 uses both L1 and L5 signals. As
Manuel del Castillo, associate director, GNSS product mar-
keting at Broadcom, explains, “With the BCM47755, both L1
and L5 signals from the same satellite are used. This is needed
because L1 is a more basic signal, while L5 is more advanced.
With L1, positioning can be computed with fewer resources
and in less time. The approach is to start with L1 for basic
acquisition and then switch to L5. Once we have L5, we don’t
need L1. Thus, we believe that the BCM47755 allows for the
best of both worlds”

Simultaneously receiving L1 and L5 signals allows for a
30-cm accuracy. Multipath correction, detection of reflected
signals, and ionospheric error correction are all benefits that
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are associated with the BCM47755. Furthermore, the 30-cm
accuracy essentially means that “lane-level” accuracy is real-

ized on a highway. Figure 2 shows an actual driving track when
utilizing the BCM47755.

2. This image illustrates the lane-level accuracy of the BCM47755
dual-frequency receiver. The green trace shows the BCM47755
tracking, while the red trace shows the tracking of the previous-
generation BCM4774.

Consumers are likely to benefit from lane-level accuracy in
several ways. For one, a turn-by-turn navigator could provide
much more precise navigation instructions and estimated
time of arrival (ETA). Using the BCM47755 could also allow
much more accurate information with regard to taxi, car-shar-
ing, and ride-hailing applications. This capability is especially
significant with the emergence of services like Uber and Lyft.

Based on 28-nm process technology, the BCM47755 incor-
porates a dual-frequency, low-power GNSS radio along with a
dual-core ARM CM4-CMO sensor hub. Power consumption is
reduced by approximately 50% in comparison with the previ-
ous-generation chip. Specifically, current consumption can be
less than 5 mA during GNSS tracking.

“In 2017, there are 30 satellites orbiting the earth with dual-
band capability,” notes del Castillo. “This is the right time to
implement L1 and L5 capability in a smartphone.” Broadcom
has been sampling the BCM47755 since January and expects it
to be used in consumer devices in 2018. [
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MinCircuits, X-Microwave
Partner to Speed Prototyping

A wide diversity of Mini-Circuits components are available for prototyping with the
X-Microwave solderless drop-in module approach.

ini-Circuits, a long trusted supplier of

RF/microwave components, is teaming
up with X-Microwave to offer the com-
pany’s components on X-Microwave’s

dr odule format. By employing the modu-
lar, solderless drop-in system along with companion hardware,
software, and simulation tools, designers using Mini-Circuits
components can speed and simplify the process of evaluating
components working together in subsystems and subassemblies,
such as receivers or transmitters. Furthermore, they can quickly
redesign and optimize their assemblies as needed thanks to the
flexible, modular nature of the X-Microwave approach.

Over 400 X-MWhblocks are initially available for Mini-Cir-
cuits components, including filters, amplifiers, mixers, multipli-
ers, limiters, couplers, switches, power dividers/combiners, and
attenuators, with more planned. Each component for use in the
X-MWhblock format is supported by a computer simulation mod-
el based on measurements, enabling online computer simulations
of multiple components working together in a signal chain.

The X-MWsystem drop-in prototyping approach already
features components from Analog Devices, Custom MMIC,
and others. Using these drop-in X-MWblock components as
part of an assembly or subsystem makes it possible to evaluate
the interactions among the components, such as reflections or
mismatches, in software as well as in hardware.

Users of this design approach gain access to X-Microwave’s
test probes and prototyping systems to evaluate the perfor-
mance of an assembly. All assembly accessories are included in
the X-MWsystem, along with standard machined housings for
connectorized versions of the X-MWblocks.

End-launch connectors for the X-MWblocks provide low-
loss, low-reflection performance to 50 GHz. Called X-MWend-
launch connectors within the X-MWsystem, they employ a
solderless bolt-on design.

FROM BLOCKS TO PROTOTYPING STATIONS

The X-MWsystem essentially adapts components of many
different shapes and sizes to a universal package known as an
X-MWhblock. Adapting different types of components from dif-
ferent suppliers to common launch geometries and mounting
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arrangements helps simplify integration and speed assembly of
multi-function subsystems.

X-MWhblocks can be assembled on a prototyping station
known as an X-MWprotostation, which consists of a stain-
less-steel grid plate with a standard hole pattern to simpli-
fy component placement. Since the entire design approach
is modular, arbitrary enclosures can be formed around the
X-MWprotostations using modular wall and lid pieces to emu-
late cavity effects at the prototype phase.

Assembled X-MWprotostations can be connected for testing
using X-MWcables and custom X-MWprobes. The RF probes
consist of a 1.85- or 2.92-mm female coaxial connector capable
of operating to 67 GHz and 50 GHz, respectively. The probes
can connect to any X-MWblock as a ground-signal-ground
(GSG) probe.

By using this universal connector and packaging approach,
the X-MW system makes it possible to eliminate the need for
custom evaluation boards while adapting to other compo-
nents with different connector types. The X-MWblocks and the
X-MWprotostation function as the evaluation boards and then,
once properly tested, as the production components.

Components available as X-MWblocks are well supported by
models based on S-parameter measurements for linear devices
and X-parameter measurements for nonlinear devices. For
those without ready access to a software simulator, X-Micro-
wave even provides access to an online software simulator, the
X-MWsimulator, with models for all components contained in
a prototype assembly or subsystem available free of charge. The
software simulator is based on the Genesys Spectrasys simula-
tion software from Keysight Technologies.

In support of physical designs, an online Mechanical Layout
Tool (MLT) allows users to move two-dimensional (2D) compo-
nent representations around a layout grid that serves as a form of
map to configure actual components on a solderless prototyping
plate for testing and design validation. The drop-in components
can then be assembled in compatible production housings that
support of a full drop-in approach to system design. [l

MINI-CIRCUITS, P.O. Box 350166, Brooklyn, NY 11235-003;
(718) 934-4500, www.minicircuits.com.
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Coax Amp Provides Flat
Gain from 5 to 20 GHz

ini-Circuits’ model ZX60-

24A+ is a wideband
coaxial amplifier that is
well suited for applications
requiring broadband
amplification from a single
compact component,
such as communications,
radar, EW, and test equipment. It offers typical gain of 24 dB flat
within +2.2 dB from 5 to 20 GHz. The unconditionally stable 50-Q
amplifier measures just 0.75 x 0.74 x 0.46 in. but delivers +18.3-
dBm typical output power at 1-dB compression. The two-stage
amplifier also boasts excellent reverse isolation of typically 67 dB.
It is equipped with female SMA connectors and operates from a
single +5-V DC supply.

Wide-Dynamic-Range MMIC Amp
Boosts 30 MHz to 2.7 GHz

Mini-Circuits’ PHA-202+ broadband monolithic amplifier pro-
vides a wide dynamic range from 30 MHz to 2.7 GHz without
external components. The RoHS-compliant E-pHEMT amplifier
combines a low noise figure with +30.4 dBm typical output power
at 1-dB compression at 1 GHz and IP3 of typically +46.1 dBm at
1 GHz. The noise figure is typically 3.2 dB at 30 MHz, 3.5 dB at 1
GHz, and 5.4 dB at 2.7 GHz, while the gain ranges from typically
18.3 dB at 30 MHz, 17.0 dB at 1 GHz, and 12.7 dB at 2.7 GHz.
The input and output return losses are typically 19.5 dB or better.
The amplifier draws 350 mA at +11 V DC and is supplied in an
8-lead package measuring 5 x 6 mm.

Hand-Formable BNC-Male
Cables Connect DC to 3 GHz

ini-Circuits’ 086-BM+ series Hand-

Flex™ coaxial cable assemblies
are hand-formable cable assemblies that are available in a variety
of lengths from 6 to 24 in. long as replacements for custom-bent
0.086-in.-diameter semi-rigid cable in communications, military,
aerospace, and test system applications. Usable from DC to 3 GHz
with low loss, the cable assemblies feature a minimum bend radius
of 6 mm for fitting in the tightest places without bending tools. They
are terminated with BNC male connectors that comply with MIL-
STD-348 requirements. The cable assemblies include an insulated
outer jacket. All assemblies can handle 211 W at 500 MHz, 150
W at 1 GHz, and 80 W at 3 GHz. For a 6-in.-long assembly (model
086-6BM+), insertion loss is 0.21 dB loss at 3 GHz and return
loss is 28 dB at 3 GHz. For a 24-in.-long assembly (model 086-
24BM+), the insertion loss is 0.8 dB loss at 3 GHz and the return
loss is 29 dB at 3 GHz. All of the cable assemblies are rated for
operating temperatures from -55 to +105°C.
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MMIC Balun Transformer
Tackles 5500 to 13500 MHz

ini-Circuits’ model MTX2-143+ is a wideband MMIC balun

transformer suitable for a wide range of applications from
5500 to 13500 MHz. Operating with a 2:1 impedance ratio, it has
low typical insertion loss of 0.8 dB to 11200 MHz and 1.3 dB to
13500 MHz. The wideband balun transformer boasts excellent
amplitude and phase unbalance of 1.0 dB and 8 deg., respectively.
The compact balun transformer measures just 3 x 3 x 0.89 mm in
a QFN package and handles as much as +34 dBm (2.5 W) power.
The balun transformer is designed for operating temperatures from
-40 to +85°C.

18-GHz Electromechanical SP4T Switch
Guaranteed for 10 Million Cycles

M ini-Circuits’ MSPATA-18D+
rugged absorptive fail-safe
single-pole, four-throw (SP4T)
switch provides outstanding
reliability and performance from
DC to 18 GHz. The RoHS-compliant
switch is supplied in a break-before-make configuration well suited
for automatic test systems. Guaranteed for 10 million switching
cycles, it is powered by +24-V DC and achieves typical switching
time of 20 ms. Insertion loss is typically 0.25 dB or less from DC to
12 GHz and 0.5 dB or less from DC to 18 GHz. Isolation is typically
100 dB from DC to 8 GHz and 80 dB or more from DC to 18 GHz.
The VSWR at all ports is typically 1.30:1 or better across the full
frequency range. The SPAT switch provides reliable sleep-mode
switching and handles as much as 20 W cold switching power.

Eight-Way Splitter/Combiner
Handles 20 W from 2 to 18 GHz

M ini-Circuits’ ZN8PD-02183+ | ==
eight-way 0-deg. power ’
splitter/combiner offers
excellent electrical performance
over a wide frequency range

of 2 to 18 GHz. Suitable for
electronic-counter-measures
(ECM), electronic-warfare (EW), and test applications, the 50-Q
component handles 20 W input power as a splitter and provides
20-dB typical isolation between ports. It has low amplitude and
phase unbalances of 0.3 dB and 5 deg., respectively. The typical
fullband insertion loss is 1.4 dB above the theoretical 9-dB
splitting loss. The typical VSWR is 1.38:1 at the sum port and
1.28:1 at output ports 1 through 8.The RoHS-compliant power
splitter/combiner measures 4.46 x 5.75 x 0.38 in. with SMA
female connectors. It is designed for operating temperatures from
-55to +100°C.
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Product Feature
JACK BROWNE | Technical Contributor

Linear Amplifier Module
Powers 20 to 512 MHz

This solidly built Class A/AB power amp incorporates numerous monitoring and pro-
tection circuits for safe operation even with 350 W output power at 1-dB compression.

ow-distortion modulated
signalsare required for com-
munications systems, which
istheforte of the RFM20-512-
350-HSD power-amplifier (PA) module
from RF and Microwave Power Technology LLC
(www.rfmpt.com): It provides clean amplification of
communications signals from 20 to 512 MHz.

The Class A/AB PA module delivers 350 W output power at
1-dB compression, with high gain and high efficiency. It also
includes numerous monitoring and protection circuits to help
a user achieve safe operation. The PA module is a good fit for
commercial and military communications systems that require
high gain to transform low-level input signals at typically —2.3
dBm into high-level output signals for transmit purposes.

The RFM20-512-350-HSD (see figure) achieves at least
54.7-dB gain and typically 57.7-dB gain across the full fre-
quency range, with worst-case gain flatness of +1.2 dB and
typical gain flatness of +0.6 dB. It operates on two power
supplies, drawing maximum current of 3.5 A from a voltage
supply of +24 to +28 V dc and a maximum of 15 A from a
voltage supply of +46 to +50 V dc.

NOT SO HOT

The robust amplifier is built to take whatever excess heat its
output stage generates, with a nickel-plated copper base for
efficient thermal flow away from the active device. It is also
generously equipped with control and monitoring functions
for protection, such as output-stage current sensing, an alarm
when the package base exceeds +60°C, and an output disa-
ble function with a response time of better than 1 ps. When
combined, for example, with a user’s own VSWR-monitoring
circuitry, the amplifier can be quickly shut down in the event
of impedance-mismatch conditions.

Also, the amplifier includes an input-stage monolithic
microwave integrated circuit (MMIC) with a TTL-compatible
enable/disable control pin that allows users to manually ena-
ble or disable the MMIC, achieving response times of 50 and
30 ps, respectively. The input-stage MMIC provides additional
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The RFM20-512-350-HSD Class A/AB PA module delivers 350 W
output power at 1-dB compression from 20 to 512 MHz
_with flat gain and high efficiency.

quieting for applications that may benefit
from it, such as over-the-horizon (OTH)
radar systems.
In addition to temperature-compen-
sated bias circuitry, the PA makes use of a tempera-
ture-monitoring IC that provides an analog output voltage
proportional to temperature. At room temperature (+25°C), the
IC’s nominal level is at +0.75 V dc, and it exhibits a positive volt-
age slope with temperature of 10 mV/°C for temperature above
+25°C. This IC and its associated connection pin are meant to
guide a user’s choice of PA cooling approach in a system, rather
than provide absolute PA temperature measurements.

To control output-power levels, the PA features an integral
voltage-variable attenuator (VVA) with attenuation range of
better than 30 dB. It operates with control voltages from 0 to
+5 V dc, with an attenuation tuning slope of approximately
14 dB/V from +1.4 to +3.6 V dc and maximum attenuation
occurring at +4.4 V dc.

The amplifier’s second-harmonic performance is typically
—46 dBc, with worst-case levels of —34 dBc. Third harmon-
ics are typically —21 dBc, with worst-case levels of —10 dBc.
Input return loss is typically —23 dB and maximum of —14 dB.
The output-stage efficiency is at least 48% and typically 53%.
Measured at 350 W peak envelope power (PEP) and 100-kHz
offset, the third-order intermodulation distortion (IMD) is
typically —36 dBc.

The multistage PA module runs with quiescent current (Ipq)
of3.3 Aat +28 V.dcand 0.8 A at +50 V dc. The amplifier comes
in a rugged metal housing measuring 4.50 x 8.40 x 1.35 in.
(114.30 x 213.36 x 34.29 mm) and weighing 83.2 oz. (2360 g). It
includes an SMA input connector and Type N output connec-
tor, as well as a DB-9 connector for monitoring and control. i

RF AND Microwave Power Technology LLC, 2280 Solitude Dr.,
Reno, NV 89511; (775) 842-3280, www.rfmpt.com.
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100W POWER AMPLIFIERS
Now! 700 to 6000 MHz

HPA-272+
~ Rack Mount High Power Amplifier
700-2700 MHz 100 Watt

Mini-Circuits’ rugged, rack mount HPAs are perfect for your
high power test applications such as EMI, reliability testing,
and stress testing. Combined with ourhigh-power, wideband
splitters, they can be used to drive up to 80 test channels at
once, saving you test time and cost in high-throughput test
applications like burn-in, where parallel processing of many
DUTs is a requirement. Now with two models spanning
700 to 6000 MHz with continuous 100W power across the
band, you have a high-power workhorse for even more
applications at a fraction of the cost of competitive products!
They’re available off the shelf, so place your order on
minicircuits.com today for delivery as soon as tomorrow!

* @ Psat
** for HPA-272+; HPA-100W-63+ under test

FEATURES

e High Gain, up to 58 dB

e Excellent Flatness, +2.0 dB or better

¢ High Reverse Isolation, 89 dB or better

e Operates on AC Line Power: 85-264V

e Internal Cooling

e Built-In Over-Temperature Protection

e Immunity to Open and Short Loads

e Life Test Qualified for 10,000 hrs at 100W Output**

[JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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Q&A
CHRIS DeMARTINO | Technical Editor

Millimeter-Wave

Technology for
oG and Beyond

Maryam Rofougaran, Movandi’s Co-CEO/COQO, talks

about the startup company’s vision

Can you tell us a little about Movandi (www.movandi.com)
and why the company was formed?

Maryam Rofougaran: Movandi was formed to reinvent
multi-gigabit, millimeter-wave networks by bringing together
world-class experts in radio, antenna, systems, and beam-
forming design to develop innovative RF front-end technol-
ogy for 5G and beyond.

With the demand for wireline performance on wireless
networks, the next generation of wireless applications requires
orders of magnitude improvements in data rates and latency.
Additionally, with 5G deployments on the horizon, the indus-
try is searching for innovative solutions that address the chal-
lenges of millimeter-wave networks.

We feel our RF front-end technology provides the founda-
tion for unlocking the potential of high-frequency wireless
communications—opening numerous new market opportu-
nities and applications.

A company press release mentioned BeamX technology,
which is a scalable RF front-end system solution. What can
you tell us about BeamX technology?

Rofougaran: Operating in the
millimeter-wave band presents
three unique technical challenges
versus traditional connectivity
and cellular systems. First, tradi-
tional approaches to RF design
break down, requiring new and
innovative architectures to achieve
high performance in low-cost bulk
CMOS foundries. Second, higher
frequencies have greater trans-
mission losses caused by distance,
blockage, and non-line-of-sight
conditions, depending on the
environment and the application.

Finally, to achieve longer range  applications.
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Movandi’s BeamX front-end integrates RF, antenna,

beamforming, and control algorithms into a modular
5G mm-wave solution targeted for Customer Prem-

ises Equipment (CPE), small cell, and base-station

and coverage, beamforming antennas are often required, add-
ing to system complexity.

Our BeamX front end integrates RE, antenna, beamform-
ing, and control algorithms into a modular 5G millimeter-
wave solution targeted for customer premises equipment
(CPE), small cell, and base-station applications. Our technolo-
gy is configurable to support different baseband/modem SoC
solutions and is uniquely positioned to become the complete
RF and antenna system, from baseband interface to antenna,
for new applications in 5G, indoor gigabit access, the last mile,
and satellite networks.

The innovative approach to BeamX can unlock the huge
potential offered by much greater bandwidth, spatial reuse,
and frequency reuse, which supports much higher-perfor-
mance systems in the same regions with low cost and opti-
mized power consumption.

With 5G still in development, what does the company
hope to achieve in the future?

Rofougaran: Millimeter-wave systems such as 5G are still
in their nascent stages, and unlocking their full potential will
be a key focus for Movandi as we move
forward. The diversity of the applica-
tions will only grow as we move from
fixed, to portable, to mobile devices.

We hope that our innovations and
approach to overcome the known and
unknown challenges of millimeter-wave
and system-level coverage in an afford-
able way can accelerate the deployment
of 5G both in fixed wireless and mobile
and grow its market much quicker
than it would otherwise. We hope to
repeat what we achieved with growing
the connectivity market in the past by
innovating solution with combo prod-
ucts now in the 5G market. I
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Safe Distance from a Reflector Antenna

(Continued from page 68)

Considering the 1/100 factor obtained in the previous
section, the power density at an offset angle of 10 degrees
will be 1.359 or 0.906(W/m?), which is less than the expo-
sure limit.

Standing Behind the Reflector

The technical staff may have to approach a transmitting
antenna in order to conduct regular maintenance. Here we
determine the power density at locations behind the reflec-
tor, where there is line-of-sight to the feed antenna. It is not
possible to use the method described in the previous section
because the correction factor for an off-boresight angle of
larger than about 30 degrees is expected to be very small;
therefore, it is not provided in ref. 5. The power density com-
puted with this method would be negligible.

Here, to estimate the power density behind the antenna, the
spillover effect will be considered. The diffraction that occurs
at the edge of the reflector is not accounted for.

Assuming that the largest dimension of the feed of the
antenna is 10 cm, the Fraunhofer distance at 8.4 GHz is:

2
Re=""=056m

Therefore, a person standing almost behind the reflector
at a place from where the feed is visible will be at the far field
of the feed antenna. As a result, the transmitted power and
the gain of the antenna will be needed to compute the power
density leaked to the region behind the reflector where the
feed is visible. We cannot use the tapering factor discussed in
previous section, as it is does not have the desired accuracy for
this purpose.

Given that the gain of the feed of the antenna is about 15
dB and the tapering is 12 dB at the edge of the main reflec-
tor, then for a person standing about 1.5 m from the feed,
behind the antenna and near the edge of reflector, the power
density is:

80 xlo{lS-lZ)le
4mx1.52

T

m2

This value is only about 3 dB below the recommended
value by Safety Code 6. Hence, a person standing close behind
the reflector may choose not to stay for a long time when the
antenna is transmitting with full power.

CONCLUSION
This article provides a step-by-step method for determining

GO TO MWRF.COM

the power density of a radiating parabolic reflector antenna in
the far- and near-field regions.

We reviewed the safety guidelines in FCC OET Bulletin 65
and Health Canada’s Safety Code 6 for human-exposure limits
to EM radiation, as well as the power-density calculation in
the far field. In the near-field region, the field was estimated
in two major steps. After determining the power density at
the Fraunhofer distance, a correction factor was applied to
approximate the power density on boresight at the closer dis-
tance. A second correction factor was applied to estimate the
power density at an offset angle. The correction factors were
obtained from refs. 4 and 5.

Comparing the results to the guidelines of Safety Code 6
will enable companies conducting outdoor tests to determine
the safe region and block access to the unsafe region to ensure
the safety of their staff and other public members.

The methods reviewed are limited to reflector antennas.
Dipole, Yagi, or other types of antennas must be treated differ-
ently and are out of the scope of this article.

The computed distances, angles, and safety margins are only
valid for the described antenna. It is the responsibility of the
reader to apply the method discussed in this article to his or
her problem of interest. Tl

DISCLAIMER: The results provided in this article are for reference
only; the user must measure the field parameters to ensure proper
safety.
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New Products

Dual Directional Coupler Samples
20 io 1000 MHz

THE DDCH-50-13+ dual directional coupler
handles power levels to 300 W over a wide
frequency range of 20 o 1,000 MHz.The
50-Q component provides 50 dB coupling
with typical full band coupling flatness of
+0.9 dB or better. It exhibits 30-dB typical
input and output return loss and is well
suited for monitoring both forward and
reverse power. It has low 0.15-dB insertfion
loss across the full frequency range with
24.5-dB typical full band directivity. In
addition, the coupler passes as much as 4
A DC current. It is supplied in a laminated
PCB format measuring just 1.5 x 1.0 x
0.128 in. with wrap-around terminations for
good solderability. The coupler is designed
for operating temperatures from -55 fo
+105°C.

MINI-CIRCUITS, P.O. Box 350166, Brooklyn,
NY 11235-003; (718) 934-4500, www.
minicircuits.com

Capacitors Offer Tin/Lead
Termination

A LINE OF HIGH-Q (greater than 10,000),
low-equivalent-series-resistance (low-
ESR) capacitors is now available with
tin/lead terminations.The terminations
are composed of 90% tin (Sn) and 10%
lead (Pb) solder over nickel plating.
Traditional capacitors can be supplied
with tin/lead terminations in packages
measuring 0.055 x 0.055in.,0.11 x 0.11
in.,0.22 x 0.22 in.,and 0.38 x 0.38 in.,
while larger power transmitter capacitors
are 0.60 x 0.60 in.and 0.76 x 0.76 in.The
capacitors meet or exceed the require-
ments of MIL-PRF-55681 and MIL-PRF-123.
PASSIVE PLUS, INC., 48 EIm St., Hunting-

ton, NY 11743; (631) 425-0938, www.
passiveplus.com
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"MICROWAVE SWITCHES

DC-18 GHZ .y to 100 miion cyctes! S159% .,

Mini-Circuits’ family of ultra-reliable mechanical switches is NOW MORE OPTIONS FOR YOUR SYSTEM!
g.rowing tq give you more optiqns and more capabilities for your Transfer, 2-, 4-, 6-, and 8-Way Models

signal routing needs. These switches utilize patented technology . . .

to give you extra-long switch life of up to 100-million cycles?, * Reflective and Absorptive Designs

saving the high cost and time of constantly replacing exhausted ® +72V and +24V Supply Options

hardware. They're perfect for demanding production environments e Solder Terminal and D-Sub Connection

and many other situations where reliable performance is a must.
They even provide reliable “sleeptime” switching, making them
excellent candidates for use in redundancy systems. All models
deliver superior performance with 0.2 dB insertion loss and up
to 90 dB isolation. Visit minicircuits.com for full details and place
your order today for delivery as soon as tomorrow!

1 Model MSPBTA-12+ and MSPSTA-12-12D+ rated from DC to 12 GHz Panel Mount . Base Mount
2With periodic factory cleaning service. Bracket oPtlons

[ JMini-Circuits’
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Real-Time Power Sensors for
Real-Time Measurement Challenges

RTPP Featuring Real-Time Power Processing™ technology, these sensors deliver 100,000
measurements per second, no gaps in signal acquisition and zero measurement latency.

4000 5000
Real-Time True Average Power Sensors Real-Time Peak Power Sensors
e 6kHzto 6 GHz e 6 GHz, 18 GHz and 40 GHz power sensors
e Wide Dynamic Range e 195 MHz video bandwidth
* Pulse, Average, CW and Modulated Modes * 3 nsrise time

For more information visit us at www.boonton.com or call +1 973-386-9696.
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