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There’s Nothing
ommon About It

Common Mode Choke Finder

i eecelip 2

Our new online tool lets you search and compare
hundreds of common mode EMI filter options in just seconds!

When you have an EMI problem, you don’t specs, product photos, pricing and more.

have time to sift through stacks of data- Best of all, you can compare the

sheets. You need a solution now, and our impedance/attenuation of up to six filters

new Common Mode Choke Finder will on the same graph, making direct product

lead you to it quickly and easily. comparisons much easier. P .
Search by impedance, attenuation or When you've selected your

inductance over your exact frequency parts, just click to get free G

range. Your results appear in a clear, samples. Get started at

sortable table with complete performance coilcraft.com/CMCfinder. @ :

®

4 (] ., &/ coileraftdirect com

' @® @ No min order. Next day delivery.

WWW.COILCRAFT.COM
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“PMI

Amplifiers — Solid State

Attenuators — Variable/
Programmable

Couplers (Quadrature,
180° & Directional)

Detectors — RF/Microwave

DLVAs, ERDLVAs
& SDLVAs

DTOs, VCOs, PLO, DROs,
& Frequency Synthesizers

Filters & Switched
Filter Banks

Form, Fit, Functional
Products & Services

Frequency Discriminators
& IFMs

Integrated MIC/MMIC
Assemblies (IMAs)

1Q Vector Modulators
Limiters — RF/Microwave
Log Amplifiers

Millimeter Wave
Components
(Up to 50 GHz)

Miscellaneous Products

Multifunction Integrated
Assemblies (MIAs)

Phase Shifters & Bi-Phase
Modulators

Power Dividers/Combiners
(Passive & Active)

Pulse Modulators (SPST)

Rack & Chassis Mount
Products

Receiver Front Ends
& Transceivers

SDLVAs, ERDLVAs
& DLVAs

Single Side Band
Modulators

SMT & QFN Products
Switch Matrices
Switched Filter Banks

Planar Monolithics Industries, Inc.

Solid State Multi-Throw Switches &
Switch Matrices, DC to 50 GHz

PMI offers a full line of RF and Microwave, Solid-State Switches that
range from DC to 50 GHz. A wide range of standard models with
various options are available that include:

» SPST to SP128T Configurations.

+ Reflective or Absorptive

* Hermetic Sealing

+ High Reliability to MIL-STD-883

« Small Quantity Requirements Accepted
* Military or Stringent Screening

+ Specialized Testing & Custom
designs welcome!

Standard Models...

Model P20T-4G8G-80-T-515-SFF
Absorptive, SP20T PIN Diode Switch

Frequency 4.01t08.0 GHz
Isolation 80 dB Min

- Measured 83.3 dB

* Pack Size:

Insertion Loss 4.0 dB Max 4;?, :3?( OTZ;,

- Measured 3.95 dB - DC Voltage:
VSWR In/Out 2.0:1 Max, 1.8:1 Typ +5VDC @ 144 mA

+15VDC @ 160 mA

Input Power 100 mW Max CW - Switching Speed:

(Hot Switchable) 100 ns Measured

Model P32T-0R5G18G-60-T-SFF
Absorptive, SP32T PIN Diode Switch

0.5t0 18.0 GHz

60 dB Min (0.5 - 2.0 GHz)
70 dB Min (2.0 - 18.0 GHz)
- Measured 77.3 dB

Frequency

Isolation

(Operating)

Insertion Loss 9.5 dB Max . Package Size:
- Measured 8.66 dB 8.0” x 3.5” x 1.0”
VSWR In/Out 2.0:1 Max = - DC Voltage:
+5VDC @ 1470 mA
Input Power 20 dBm CW Max -5VDC @ 100 mA

» Switching Speed:

85 ns Measured

West Coast Operation:
4921 Robert J. Mathews Pkwy, Suite 1
El Dorado Hills, CA 95762 USA
Tel: 916-542-1401, Fax: 916-265-2597

East Coast Operation:
7311-F Grove Road
Frederick, MD 21704 USA
Tel: 301-662-5019, Fax: 301-662-1731

sales@pmi-rf.com . www.pmi-rf.com
1IS09001-2008 REGISTERED

Switches — Solid State

Systems — Fly Eye Radars
Threshold Detectors
USB Products
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High performance VNAs for any application

In the Lab \ On the Manufacturing Floor \ In the Field

With a wide variety of Vector Network Analyzers (VNAs) to suit your application and budget,
Anritsu has the perfect solution to your VNA needs.

From RF to THz and value to high performance, Anritsu allows you to select the right VNA for
you. Designers can choose the VectorStar® family for premium measurement performance
while manufacturers can utilize the ShockLine™ family for speed and cost-effectiveness.

Our extensive range of VNAs now includes the NEW 2 or 4-port ShockLine performance
line (with NEW E-band option) and the world's first 40 GHz USB VNA.

No matter what your application, Anritsu has your VNA needs covered.
Learn more: www.goanritsu.com/MWRFVNA

1-800-ANRITSU /l n ri tSU

www.anritsu.com . .
© 2016 Anritsu Company envision:ensure
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L-3 NARDA-MITEQ...DEPENDABLE
VARIABLE ATTENUATOR PRODUCTS

 MINIATURE BROADBAND HIGH-POWER

Variable Variable Variable

hardaijymir=q

Innovative RF Variable Attenuator Products

L-3 Narda-MITEQ has the newest, most complete and dependable attenuator product line on the market

today for demanding aerospace, defense and test applications. Our solutions include miniature, broadband

and high-power products that are ready to ship now.

¢ Miniature Variable Products — Low minimum insertion loss, small compact enclosures with an adjustable
attenuation range of up to 30 dB, and operational temperatures up to 105 °C

¢ Broadband Products — Smooth continuous operation and an adjustable attenuation range of up to 20 dB

¢ High-Power Products — Up to 10 dB or 20 dB adjustable attenuation at power levels up to 500 W

Learn more about all we have to offer by visiting us at nardamiteq.com or call us at (631) 231-1700.

Narda-MITEQ n ﬂﬂ L-3com.com


http://nardamiteq.com
http://l-3com.com
https://www.facebook.com/L3Com
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NI AWR DESIGN ENVIRONMENT

SIMPLY
SMARTER

ANTENNA DESIGN

NI AWR Design Environment™ is one
platform - integrating system, circuit, and
electromagnetic analysis - for the design
of today's wireless products inclusive
of planar, 3D, Yagi, MIMO, phased-array
antennas and more. The software's intuitive
use model, proven simulation technologies,
and newest addition of AntSyn for
antenna synthesis and optimization,
translates to zero barriers for your antenna

design success. Simply smarter design.

Learn more at ni.com/awr

Microwave Office | Visual System Simulator | Analog Office | AXIEM | Analyst


http://ni.com/awr
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COVER STORY:
PASSIVE COMPONENTS PUNCH THROUGH WALLS

Designers bank on passive components to help deliver the performance
needed to satisfy evertougher demands.

METHOD FINDS FAULTS IN COAXIAL CABLES

This straightforward technique works in the frequency domain without need of
exotic test equipment fo accurately find the distance to a fault in RF/microwave
coaxial cables.

THESE DESIGN AND TEST TIPS HELP
EXTEND PRODUCT LIFETIMES

Understanding the impact of selecting different materials and manufacturing
processes can separate standard high-power resistive components from those
designed and tested for true high-reliability applications.

WHAT ARE THE DIFFERENCES BETWEEN
COAXIAL CONNECTORS®? PART 2

A wide array of coaxial connectors is available from a large number of suppliers
to satisfy high-frequency requirements.
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Make the Connection

Find the simple way through complex EM

systems with CST STUDIO SUITE

Components don’t exist in electromag-
neticisolation. They influence their neigh-
bors” performance. They are affected by
the enclosure or structure around them.
They are susceptible to outside influ-
ences. With System Assembly and Mode-
ling, CST STUDIO SUITE helps optimize
component and system performance.

Involved in antenna development? You
can read about how CST technology is
used to simulate antenna performance at
www.cst.com/antenna.

interested in filters,
couplers, planarand multilayer structures,

we've a wide variety of worked applica-

If you're more

tion examples live on our website at
www.cst.com/apps.

Get the big picture of what'’s really going
on. Ensure your product and components
perform in the toughest of environments.

Choose CST STUDIO SUITE -
Complete Technology for 3D EM.

CST

CST — COMPUTER SIMULATION TECHNOLOGY | www.cst.com | info@cst.com
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Public Safety Satcom, mmWave Aeronatutical/Space AMER, EMEA,
& Military Transportation & DAS

MECA 5G Products & Equipment
MECA Electronics designs and manufactures an extensive line of N, SMA, 2.92mm, TNC, BNC, 7/16, 4.1/9.5 & 4.3/10.0 DIN as well
RF/Microwave Equipment and Components with industry leading as QMA, Reverse Polarity SMA, TNC and various mounting
performance including D.A.S. Equipment, Low PIM Products, solutions. Since 1961 MECA Electronics (Microwave Equipment &
supports 5G & Millimeter-Wave, Power Dividers & Combiners, Components of America) has served the RF/Microwave industry
Directional & Hybrid Couplers, Fixed & Variable Attenuators, RF with equipment and passive components covering Hz to 40 GHz.
Terminations, Circulators/Isolators, DC Blocks & Bias Tees, Adapters MECA is a privately held ISO9001:2008 Certified, global designer
& Jumpers. Models available in industry common connector styles: and manufacturer for the communications industry with products

manufactured in the United States of America.

Low PIM Terminations

Low PIM & D.A.S Equipment

Dr. D.A.5.° Prescribes...

Directional Couplers/Hybrids
Circulators/isolators

Power Divider/Combiner

AY MECA Electronics, Inc.
w Microwave Equipment & Components of America -
The Professional's Choice for RF/Microwave Passive Components n f ! 2 in t
e-MECA.com 459 E. Main St., Denville, NJ 07834

Since 1941 Tel: 973-625-0661 + Fax: 973-625-9277 = Sales@e-MECA.com


http://e-meca.com
mailto:sales@e-meca.com
http://www.facebook.com/mecaelectronicsinc
http://www.linkedin.com/company/meca-electronics-inc/
http://twitter.com/mecaelectronics
https://plus.google.com/+MECAElectronicsIncDenville/about

MACOM GaN...Delivered

Enabling RF Energy with Leading Efficiency & Gain

MACOM GaN Thermal Performance
LDMOS MACOM GaN on Silicon
Power Amp Efficiency “>2GHz”
Power Density REERAVZGT]
Matching
Supply Chain
Cost
Linearity

Support all ISM Brands  BELTELRGFRT e (2

Benefits

Lower Operating Costs, Simpler Cooling
Smaller Footprint and Lower Costs
Time-to-Market and Smaller Footprint
Capacity and Surge Capability
Competitive Bill of Materials

Competitive Bill of Materials

Broader Choice for Your Applications




N
I
o
n
¥
N
®
X
>
S
<
]
K]
E
b}

Automotive Ignition
Industrial Cooking
Industrial Drying
Medical Tumor Ablation

Plasma Street Lighting
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The portfolio, partnerships & people to fully leverage GaN
in a wide range of industrial RF energy applications

MACOM is shattering the final barriers to mainstream GaN adoption
with an industry-leading portfolio of cost-effective RF power devices.
For over 40 years, our engineers have been redefining RF power

and are now applying their GaN expertise to commercial, ISM and
wireless applications.

MmAcoM M AGe series MACOM GaN delivers cost, bandwidth, power density
Vds: 48V Idg: 350mA and efficiency advantages in an array of form factors:

> Power levels from 2 —1000 W
> Frequencies from 890 MHz — 2.45 GHz
> Packages from QFN to TO-272 to ceramic

I
32 34 36 38 40 42 44 46 48 50
Power output (dBm)
™

MAGe-102425-300 .
Boasts Industry-leading Efficiency Partners from RF to Light

Learn more and get datasheet:
www.macom.com/gan


http://www.macom.com/gan
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http://mwrf.com/systems/wireless-technologies-flood-
iot-landscape

The Internet of Things (IoT) continues to be a major talking
point, as many look ahead to the connectivity it may bring
to our world. However, an important question remains to be
addressed: How will all of these IoT devices be wirelessly
connected? Given the vast amount of IoT applications and
requirements, it is certain that no single wireless technology
by itself will be the driving force behind the IoT.

LAA:LTE AND WI-FI COEXISTENCE
OR CONVERGENCE?

http://mwrf.com/services/laa-lte-and-wi-fi-coexistence-
or-convergence

Using cellular and Wi-Fi together
in a mobile device has now become
an expectation. Not only should
they work together, but they should
be enabled to work together seam-
lessly at the switch of a button.
LTE and Wi-Fi have coexisted and
been complementary for years, but researchers have recently
proposed new LTE and Wi-Fi coexistence technologies to
enhance the user’s mobile data experience. As demand for mo-
bile data access continues to escalate, these technologies will
likely be commercialized and deployed in the near future.

join us online (1 €}

twitter.com/MicrowavesRF  facebook.com/microwavesrf
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http://mwrf.com/materials/what-substrate-material-best-
fits-your-high-speed-circuits

Printed-circuit-board (PCB) materials contain the transmission
lines and components that enable discrete RF/microwave cir-
cuits. They consist of numerous materials, including plastics,
epoxy, glass, and ceramics, in rigid and flexible forms and with
qualities that serve many different circuit designs. Understand-
ing how PCB material parameters relate to circuit performance
can simplify the task of matching a PCB material to an appli-
cation as well as to a circuit fabrication process.

SUMMARIZING ADVANCES
IN SDRTECHNOLOGY

http://mwrf.com/systems/summarizing-advances-
sdr-technology

Software may be what
defines the functionality
of a software-defined ra-
dio (SDR), but hardware
is still a critical part of
the radio—whether it is
in a smart cellular phone
or a tactical radio for
military use. The software can only achieve the performance
levels made possible by the essential hardware components
within the radio, including analog-to-digital converters
(ADCs), digital-to-analog converters (DACs), field-program-
mable gate arrays (FPGAs), and integrated-circuit (IC) radios.

JUNE 2016 MICROWAVES & RF
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If your 5G idea works here...
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- b .
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Autonomous vehicles navigating through
traffic. Hands free.

Soon it will be reality. A world connected as never before.
Always available. Low latency. Ultra reliable. That’s the
promise of 5G. New spectrum. New waveforms. Millimeter-
waves. More. Keysight offers the world’s first 5G simulation,
design and test environment able to emulate your real-
world bG wireless thesis. With deep expertise to help you
navigate 5G risk and complexity. So you can go from 5G
ideas to bG reality faster.

HARDWARE + SOFTWARE + PEOPLE = 5G INSIGHTS

5 G Get the latest app notes,

white papers and tutorials KEYSIGHT

www.keysight.com/find/5G-Insight TECHNOLOGIES

USA: 800 829 4444 CAN: 877 894 4414 Unlocking Measurement Insights

© Keysight Technologies, Inc. 2016

Agilent’s Electronic Measurement Group is now Keysight Technologies.
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0.5-8GHz
Ultm-WldebandlanalseAmpllflels...Matched'

Low noise, high dynamic range, high output power, and flat gain from 0.5 to 8 GHz, Only $6 (aty. 1000)
all in a single model! And it's very easy to use: all you need is a simple fixed inductor at . Matched over full
the input and output to match impedance over the entire frequency band!i It's ideal for sensitive,  frequency range!

. Low Noise Figure, 1.3 dB

« High Gain, 21dB

« Excellent Gain Flatness, 0.7 dB'
« High IP3, +35 dBm

. « High Pout, +23.2adBm
"See datasheet for suggested application circuit. . ‘
i Flatness specified over 0.5 to 7 GHz. &P Tiny Size, 3x3mm

[ JMini-Circuits’

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

high-dynamic-range receivers, instrumentation, defense systems, LTE, WiFi, S-Band and
C-Band radar, SatCom and more! It operates on a single 5V supply and comes in a tiny
3x3mm MCLP package for excellent manufacturability. It's available off the shelf, so go to
minicircuits.com and place your order today for delivery as soon as tomorrow!

541 revC
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Editorial

CHRIS DeMARTINO
Technical Editor

chris.demartino@penton.com

The Continuing
Advancement of Wi-Fi

pretty clear that nowadays Wi-Fi appears to be everywhere. Unfortunately, such
avy Wi-Fi congestion has also created its own problems. Simply put, high-density
ironments can cause a poor user experience. Chances are you have experienced
slow Wi-Fi at some point—as a matter of fact, chances are pretty good that you have
experienced extremely slow Wi-Fi.

The IEEE wireless-local-area-networking (WLAN) standards have continued
to progress throughout the years. The latest and greatest Wi-Fi standard is IEEE
802.11ax, which is currently in the process of being standardized. This new Wi-Fi
standard promises to increase throughput in dense user environments. In other
words, IEEE 802.11ax seeks to remedy today’s problem of experiencing slow Wi-Fi
in congested areas. The IEEE 802.11ax standard is expected to be officially released
in 2019.

A number of features will allow IEEE 802.11ax to achieve better throughput in
crowded settings. For one, IEEE 802.11ax utilizes orthogonal-frequency-division-
multiple-access (OFDMA) technology. Another feature is 1024-quadrature ampli-
tude modulation (1024-QAM).

Recently, National Instruments (www.ni.com) made news by introducing its test
solution for IEEE 802.11ax applications. The WLAN Measurement Suite, which
provides users with the capability to generate and analyze a wide range of IEEE
802.11 waveforms, has now been updated to target IEEE 802.11ax. A number of
key features of IEEE 802.11ax are supported by the software. Furthermore, as the
process of standardizing IEEE 802.11ax develops, engineers will be able to update
their existing PXI RF test systems with simple software updates.

LitePoint (www.litepoint.com) is another company that has set its eyes on IEEE
802.11ax. The company’s IQxel-MW test solution is intended to accommodate
IEEE 802.11ax requirements. With all of this being said, it is clear that the next gen-
eration of Wi-Fi is moving along to satisfy our never-ending wireless appetite.

Stay tuned! [

JOIN US ONLINE  twitter.com/MicrowavesRF =1

become a fan at facebook.com/MicrowavesRF n

GO TO MWRE.COM

ZERO BIAS
SCHOTTKY
DETECTORS

> Single unit covers 0.01 - 50 GHz
> Matched input for low VSWR

> Flat frequency response

> High sensitivity (0.5 mV/uW

up to 50 GHz)

> Optional output connectors
(SMA, BNC, SMC)

> Great for instrumentation and
laboratory use

MAXIMUM | LOW LEVEL
FLATNESS | SENSITIVITY

(% dB) {mV 1 W)

05

£ 03(t0 18

Other Products:
Amplifiers, Comb Generators, Limiters,
Switches, Integrated Subsystems

.' Herotek .l

155 BAYTECH DRIVE, SAN JOSE, CA. 95134--2303
PH: 408-941-8399 . FAX: 408-941-8388
E-Mail: Info@Herotek.com
Web Site: http./lwww.herotek.com
Visa/MasterCard Accepted
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PRECISION
ATTENUATORS

2Wio 100W

e
50w & 100W
models

NOW from Dc upfto 40 G"Z from$2 992(51—49)

Customers trust Mini-Circuits BW-family precision fixed attenuators for accuracy, reliability, and
repeatability. Now, we've expanded your choices by adding the BW-K-series, covering DC — 40 GHz!
These new, ultra-wideband models provide attenuation levels from 3 to 20 dB, 2W power handling,
and 2.9mm connectors. Our full “BW” precision attenuator family now includes 70 models with
accurate attenuation ranging from 1 to 50 dB and power handling from 2 up to 100W to meet

your requirements with performance you can count on.

Visit minicircuits.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! (9 RoHS compliant

- - - ] ®
[ JMini-Circuits
www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
518 revC
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1to8000MHz -45 to +20 dBm

Mini-Circuits’ RF power sensors turn almost any Windows® or
Linux® based computer into a low-cost testing platform for all
kinds of RF components and applications. To give you even
more options, our new PWR-8GHS-RC model allows easy
remote signal monitoring and data acquisition with USB and
Ethernet control.

With 7 different models in stock offering measurement speeds as
fast as 10 ms*, dynamic range options from -45 to +20 dBm,
and measurement capability for continuous wave and modulated
signals, chances are, we have a power sensor to meet your
needs and fit your budget!

Model Power
Measurement
NE\N‘- PWR-6LGHS CW
NE\N‘- PWR-6RMS-RC True RMS
PWR-4RMS True RMS
PWR-2.5GHS-75 (75Q) Cw
PWR-4GHS CW
PWR-6GHS CW
PWR-8GHS CW
PWR-8GHS-RC CW
PWR-8FS Ccw

POWER SENSORS

Turn Smart Power Sensors into Low-Cost RF Power Meters!

M-
= re -
Use PO WE < it s

695
from ea. gty. (1-4)

Our user-friendly GUI provides a full range of measurement
tools including measurement averaging, time-scheduled
measurements, multi-sensor support, and measurement
applications supporting RF testing of couplers, filters,
amplifiers and more! View data and graphs on-screen or
export to Excel® for reporting and data analysis.

All Mini-Circuits power sensors fit in your pocket and come
supplied with all the accessories you need for immediate use
right out of the box. Visit minicircuits.com and place your order

today for delivery as soon as tomorrow! () RoHs compliant

Frequency Dynamic Range Control Price $ ea.
MHz (dBm) Interface (Qty1-4)
50 to 6000 -45to +10 USB 895.00
50t0 6000  -35t0 +20 USB&Ethernet 1595.00
50 to 4000 -35 to +20 USB 1169.00
0.1t0 2500 -30to +20 USB 795.00
0.009 to 4000 -30to +20 USB 795.00
1 to 6000 -30 to +20 USB 695.00
1 to 8000 -30 to +20 USB 869.00
1 to 8000 -30to +20 USB & Ethernet  969.00
1 to 8000 -30 to +20 USB 969.00

*Measurement speed as fast as 10 ms for model PWR-8-FS. All other models as fast as 30 ms.

Excel is a registered trademark of Microsoft Corporation in the US and other countries.
Neither Mini-Circuits nor Mini-Circuits Power Sensors are affiliated with or endorsed by the owners of the above-referenced trademarks.

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com 532 rev D
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SOC/

Solution of Connector & Anten

Superb Quality p145
Reasonable Pricing.

Fast Delivery!

we dei_

whaty,

MADESIN=TATLWAN

O®SMA, N Type, BNC, TNC, MCX,
MMCX, Customize Cable Assembly
OWiFi Dual Band Antenna

®0-6GHz Lightning Protector

ADD: No. 58, Lane 486. Jhong Jheng 3RD Street. Yong Kang Dis. 718, Tainan, Taiwan
TEL:886-6-242-7963 FAX:886-6-243-4819
MAIL:sales@socaa.com.tw

WWW.SOCAA.COM.TW
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OCTAVE BAND LOW NOISE AMPLIFIERS

and AS91008
CERTIFIED

Model No. Freq (62 Gain (@) MIN  Noise Figure dB)  Power-out@pide 3rd Order (P VSWR
CA01-2110 0.5-1.0 28 1.0 MAX, 0.7 TYP  +10 MIN +20dBm  2.0:1
CA12-2110 1.0-2.0 30 1.0 MAX, 0.7 TYP.  +10 MIN +20dBm  2.0:]
CA24-2111 2.04.0 29 1.1 MAX, 0.95TYP  +10 MIN +20 dBm 2.0:1
CA48-2111 4.08.0 29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm 2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm 2.0:1
CA1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm 2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm 2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CAOT-2111 0.4-05 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4TYP  +10 MIN +20 dBm 2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4TYP  +10 MIN +20 dBm 2.0:1
CA23-3111 2.2-2.4 30 0.6 MAX, 0.45TYP  +10 MIN +20 dBm 2.0:1
(A23-3116 2.7-2.9 29 0.7 MAX, 0.5TYP  +10 MIN +20 dBm 2.0:1
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5TYP  +10 MIN +20 dBm 2.0:1
(A56-3110 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 3.1-3.5 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 +40dBm  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 Bm 2.0
CA14157110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:]
CA1722-4110 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 6Hz2)  Gain (d8) MIN  Noise Figure (@B)  Power-out@p1d8  3rd Order ICP~ VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN +20 dBm 2.0:1
CAO106-3111 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 30MAX 1.8TYP  +22 MIN +32 dBm 2.0:1 =
(A02-3112 0.5-2.0 36 4.5 MAX, 2.5TYP +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, 3.5TYP  +23 MIN +33 dBm 2.0:1 =
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5TYP  +30 MIN +40 dBm 2.0:1
(A218-4116 2.0-18.0 30 3.5 MAX, 2.8TYP  +10 MIN +20 dBm 2.0:1 =
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5TYP  +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 Gtz Input Dynamic Range  Output Power Range Psat  Power Flatness dB VSWR
(LA24-4001 2.0-4.0 -28 to +10 dBm +7 fo +11 dBm +/-1.5MAX  2.0:] =
CLA26-8001 2.0-6.0 -50 to +20 dBm +14 10 +18 dBm +/- 1.5 MAX 2.0:1
CLA712-5001 7.0-12.4 -21 10 +10 dBm +14 10 +19 dBm +/-1.5 MAX 2.0:1 —
CLA618-1201 6.0-18.0 -50 to +20 dBm +14 10 +19 dBm +/-1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq GHz)  Gain (dB) MIN  Noise Figure (@8)  Power-out@P148 Gain Atfenuation Range VSWR
CAQ01-2511A  0.025-0.150 21 5.0 MAX, 3.5TYP  +12 MIN 30dBMIN  2.0:1
CA05-3110A 0.5-5.5 23 2.5 MAX, .5TYP  +18 MIN 20dBMIN  2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, .5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, T.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A 13.75-15.4 25  22MAX 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A 15.0-18.0 30 3.0MAX, 2.0TYP  +18 MIN 20dBMIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (6Hz)  Gain @8) MIN  Noise Figure dB  Power-out@pia8  3rd Order ICP VSWR
CA00T-21710  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20 dBm 2.0:1
CA00T-2211  0.04-0.15 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 +33dBm  2.0:1
CA001-3113  0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0:1 C
(A002-3114  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 +35dBm  2.0:1
(A004-3112  0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  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. WHEESS
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Feedback

WHATEVER HAPPENED TO
IN-HOUSE FOUNDRIES?

Before everyone gets too excited about
all the “newfound” bandwidth waiting
within unlicensed frequency spectra
around 60 GHz and beyond, let us re-
member that there are reasons why those
frequencies have been relatively ignored

for such a long time. Not only are such
high frequencies characterized by such
small wavelengths (and such short
propagation distances, as a result), it is a
challenge to fabricate the component and
circuit dimensions needed for transmis-
sion and reception of millimeter-wave
frequencies. This has traditionally been

Microwave Multi-Octave

Frequency I.L.(dB) Coupling Directivity VSWR Model
Range min. Flatness max. | (dB) min. max. Number
0.5-2.0 GHz 0.35 +0.75 dB 23 1.20:1 CS*-02
1.0-4.0 GHz 0.35 +0.75dB 23 1.20:1 CS*-04
0.5-6.0 GHz 1.00 +0.80 dB 15 1.50:1 CS10-24
2.0-8.0 GHz 0.35 +0.40 dB 20 1.25:1 CS*-09
0.5-12.0 GHz 1.00 +0.80 dB 15 1.50:1 CS*-19
1.0-18.0 GHz 0.90 +0.50 dB 15 12 1.50:1 CS*-18
2.0-18.0 GHz 0.80 +0.50 dB 15 12 1.50:1 CS*-15
4.0-18.0 GHz 0.60 +0.50 dB 15 12 1.40:1 CS*-16
8.0-20.0 GHz 1.00 +0.80 dB 12 1.50:1 CSs*-21
6.0-26.5 GHz 0.70 +0.80 dB 13 1.55:1 CS20-50
1.0-40.0 GHz 1.60 +1.50 dB 10 1.80:1 CS20-53
2.0-40.0 GHz 1.60 +1.00 dB 10 1.80:1 CS20-52
6.0-40.0 GHz 1.20 +1.00 dB 10 1.70:1 CS10-51
6.0-50.0 GHz 1.60 +1.00 dB 10 2.00:1 CS20-54
6.0-60.0 GHz 1.80 +1.00 dB 07 2.50:1 CS20-55

10 to 500 watts power handling depending on coupling and model number.
SMA and Type N connectors available to 18 GHz.
* Coupling Value: 3, 6, 8, 10, 13, 16, 20 dB.

PULSAR

MICROWAVE CORPORATION

© www.pulsarmicrowave.com

48 Industrial West, Clifton, NJ 07012 | Tel: 973-779-6262 - Fax: 973-779-2727 | sales@pul

18

com

handled by waveguide components.

For these frequencies to become part
of commercial and consumer applica-
tions, as in 5G wireless communications
systems, it will take much more than just
highly integrated semiconductor devices.
Innovative engineering in the form of
discrete antennas and electronically
steered antenna arrays will be needed to
make high-data-rate communications at
millimeter-wave frequencies possible, let
alone practical.

The design method detailed by
Anokiwave in your feature article (May
2016), of using the best-suited semicon-
ductor process for a particular device
design and/or application, is practical.
But it also represents an alternative to
the traditional method of investing in a
company-owned semiconductor found-
ry, and refining the fabrication processes
as a means of advancing a technology.
Unfortunately now it appears that there
is more of a “take what you can get” ap-
proach from available foundries.

JoHN AvoLIN
EDITOR’S NOTE
Few companies can afford their own
semiconductor foundry as a “division” or
auxiliary service without running it as a
separate business. But as most compa-
nies with their own foundries discov-
ered, it was not possible to give their own
foundry enough fabrication business to
make running it cost-effective. Success in
any semiconductor foundry begins with
the quality of the raw materials, whether
the starting ingot is silicon, GaAs, GaN,
SiC, or even SiGe.

Quality in the process steps generally
improves through practice (repetition),
which is not possible when perform-
ing only sporadic wafer starts. As many
electronics manufacturers have discov-
ered, it is possible to achieve repeatable,
high-quality results with an outside
foundry while side-stepping the enor-
mous operating costs of a semiconductor
foundry. The Anokiwave approach frees
a company to attempt different processes
without these financial risks.
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Instantly Improve the
Performance of Your
Phased Array Radar!

Phased Array Radar system performance has long been limited by the phase change
over temperature of coaxial cables.

Not anymore!

TF4™ - our proprietary, ultra stable dielectric material significantly improves Phased
Array Radar system performance by reducing the phase change of the interconnecting
coaxial cables.

Typical Low Density
PTFE Performance

Typical PhaseTrack
TF4™ Performance

¢ Available NOW in various flexible coaxial cable and semi rigid coaxial cable assembly sizes
¢ Perfect for all Ground, Naval, Airborne or Spaceflight Phased Array Radar applications

¢ Frequency ranges to 40 GHz

¢ Wide range of connector types available

¢ Best Phase Tracking and Absolute Phase Change performance available

WIMES MICROWAVE SYSTEMS

An Amphenol Company


http://www.timesmicrowave.com

20

NETWORK

ANTENNA
Sends Broadcast

Television to Mobile

Devices

ver the years, televisions have slowly evolved from

bales of analog electronics into sleek digital devices.
Television broadcast antennas, on the other hand, have seen
little innovation. Now, LG Electronics has built a wireless
antenna that sends high-definition broadcast signals into
smart televisions, smartphones, and other connected devices
around the home.

The network antenna, which was revealed at the recent
National Association of Broadcasters convention, is
designed to process television broadcasts and distribute
them around the home using Wi-Fi. The antenna employs
a network interface to connect with Wi-Fi routers, sending
digital television and internet services over the same path.

The company said in a statement that the antenna was
built from directional antenna arrays with electronic steer-
ing logic, which points wireless signals directly at connected
devices to improve reception. In addition, the antenna can
be placed anywhere in the user’s house unlike traditional
broadcast antennas, which have to be bolted onto the roof.

The antenna has spent nearly two years in research and
development at LG’s Zenith laboratory, the company said.
Inside the antenna is a specialized chip that tunes and demod-
ulates signals based on ATSC 3.0, a digital television standard
that provides increased data rates for high-definition televi-
sion, as well as streaming services like Hulu and Netflix.

ATSC 3.0 is being developed by the Advanced Television
Systems Commission in an effort to send television broad-
casts like local news programs to mobile devices, set-top
boxes, and laptops. The previous generation of the standard,
ATSC 1.0, has been used in the United States since 2009,
when digital television began to replace analog on the 6 GHz

band. The new standard is currently being tested by televi-
sion stations in Washington, Baltimore, and Cleveland.

The new standard not only provides better video com-
pression and the ability to store information within televi-
sion and mobile devices, but could also give broadcasters a
toolkit similar to those of tech companies like Amazon and
Google. ATSC 3.0 will give stations access to data that has
helped Google and others provide analytics and advertising
services on the web. They would be able to connect with
viewers in new ways, including audience measurement,
targeted advertising, enhanced programming guides, and
streaming services.

LG Electronics, which makes smart televisions and set-top
boxes, has invested heavily in the ATSC 3.0 standard, espe-
cially as technology companies like Amazon and Apple fight
to gain footholds in television. These companies were among
the supporters for the Federal Communication Commission’s
(FCC) recent proposal to open the market for cable set-top
boxes. The agency proposed to permit cable subscribers to
buy devices, like Apple TV or LG smart televisions, to view
both cable programming and internet videos.

“Innovations like the LG smart network antenna will
play an important role in accelerating the consumer adop-
tion of ATSC 3.0 by enabling existing devices in the home
and reducing the need for multiple converter boxes,” Anne
Schelle, executive director for industry group Pearl TV, said
in a statement. With today’s market dominated by large
cable companies, people have to lease set-top boxes for cable
and buy separate products to access the internet.

Companies that support ATSC 3.0 are trying to seam-
lessly combine broadcast and broadband services. One
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example of the benefits could be streaming a soccer game
over broadcast with commentary in Spanish, with a separate
audio stream in English being delivered via broadband.
These kinds of features could become more important in the
future, especially as sport leagues sign new streaming deals
with social media websites like Twitter and Facebook.

ATSC 3.0 has the potential to lure more television stations
into providing services that have been traditionally offered
by wireless carriers. Broadcasters could transmit video to
smartphones; ads to billboards; and emergency alerts to
homes, cars, and other connected devices—all services that
wireless carriers have been trying to make money from.

The irony is that the physical layer of the standard is

based on the OFDM technology used by wireless carriers as
the basis of 4G wireless networks. “There is significant com-
monality between delivery via broadcast and delivery via
broadband,” the Advanced Television Systems Commission
wrote in a blog post.

LG’s network antenna shows the progress behind the
ATSC 3.0 standard, but the technology is not expected
to appear until at least 2018. South Korea and China
have considered using the standard for broadcasts in the
next few years. In the United States, many television sta-
tions and broadcasters are waiting until the FCC’s spectrum
auction is finished to start thinking about the standard in
more depth.

NEW ROUTER GIVES Access to Troublesome Wi-Fi Spectrum

FROM TWO YOUNG ENGINEERS forming Intel nearly 50 years

ago, to software programmers at Facebook leaving to build a
question-and-answer website, the story of Silicon Valley is largely
the story of engineers leaving large corporations to strike it out on
their own. One group of engineers was following that script when
they departed Qualcomm Aetheros to build a better Wi-Fi router.

The router is known as Portal, and the secret to its unique
design is an area of wireless spectrum in the 5 GHz range seldom
used by other routers. While most routers only access one or two
channels in that frequency band, the router grants access to six
different channels, helping devices to avoid crowded Wi-Fi by
jumping between channels. More channels means that individual
devices have more bandwidth to play around with.

“Our engineers created Portal to fundamentally redefine the con-
sumer Wi-Fi experience,” says Terry Ngo, chief executive of Ignition
Design Labs, the company behind Portal. “We give you three times
more spectrum for faster video downloads, elimination of buffering
issues, and an improved overall internet experience.”

Ignition Design Labs built its new router under the notion that
most other routers fail to address the main problem with Wi-Fi. Bil-
lions of devices compete for limited spectrum, especially in cities
and apartment buildings, and all that competition causes traffic
jams that slow down Wi-Fi. That problem is heightened by the fact
that people are using Wi-Fi for applications that consume huge
amounts of data, like streaming video and playing video games.

That is one of the reasons that the 5 GHz spectrum has slowly
become prime real estate for wireless technologies. Devices like
Google’s OnHub router are breaking ground in the spectrum to
avoid overcrowding in the 2.4 GHz band. Qualcomm and other
chipmakers are increasingly using the spectrum to offload cellular
data with LTE in the unlicensed spectrum (LTE-U) and Licensed
Assisted Access.

Ignition Design Labs was only given regulatory access to the
rest of the 5 GHz spectrum—which was originally reserved for
weather radar systems—with some caveats. The company had

GO TO MWRF.COM

(Image courtesy of Ignition Design Labs)

to ensure that wireless signals on the unused lanes would not
interfere with radar signals. Normally, devices must use dynamic
frequency selection to sidestep radar in these channels, which
account for roughly 65% of the entire 5 GHz spectrum in North
America, and around 80% in Europe and Japan. But that
technology is complex and expensive, and so has been largely
ignored by Wi-Fi equipment companies.

Ignition Design Labs, however, did not shy away from that
spectrum. Portal contains algorithms that detect and track the
channels being used by radar signals, steering Wi-Fi signals
around them. That same technology also diverts Wi-Fi onto
different channels if certain ones get too crowded. Portal can
also optimize your Wi-Fi networks by analyzing data on the
cloud. The router can track Wi-Fi networks in your neighborhood
to figure out which channels have the most bandwidth for your
devices. It can even switch channels based on what time of day
certain parts of the spectrum are most crowded.

In one demonstration, Portal clocked around 45 Mbits/s
download speeds in an Apple iPad located 33 ft. away from
the router. In comparison, a Netgear Nighthawk router showed
download speeds of 5 Mbits/s on the same device in the same
location. In a video of the demonstration, the company showed
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that Portal was able to start streaming ultraHD video faster than

the Netgear router could even buffer a regular high-definition video.

Portal contains nine advanced antennas. Four of these are
wideband 5 GHz antennas that support Multi-user Multi-Input
Multi-Output (MU-MIMO), which allows the router to send data
to multiple devices simultaneously using a separate stream for
each as though each device had a personal router. Three 2.4 GHz
antennas allow devices to run on both Wi-Fi frequencies simulta-

neously. For larger homes, owners can link together two or more
Portals for longer range.

Ignition Design Labs revealed its first prototype at the Consumer
Electronics Show earlier this year, and now the company is funding
the first production run of Portal through Kickstarter. The campaign
reached its goal of $160,000 within two days, while over 1,685
backers have pledged almost $280,000 to the project. There are
53 days remaining in the campaign. =

MicroScan® Miniature, Ruggedized SDR Transceiver
For Cyber-EW, COMMS, Surveillance, SIGINT, and DF

Technical Support so Primes can get missions going quickly

* Software Support: GNURadio, Redhawk, Windows, Linux, Android

MicroScan® Mission Applications

SWaP: Size: 2.2 x 1.4 x 0.9 inches; Weight: 0.2 Ibs.; Powered by USB 3.0/2.0
Frequency Range: 70-6000 MHz, 56 MHz IBW, dual-channel coherent RX
TX Power: +20 dBm, with in-built capability to key external PA’s for higher power

In-Built RF Filters: Essential for high RF performance including 9 tracking suboctave
bandpass filters for RX, and 9 fixed suboctave lowpass filters for TX

Integration: Inside antennas, manpacks, UAV’s, networked sensor nets, etc.
Locking: Optional GPS time and frequency locking with 9 axis gyro/compass sensor
Development Kit: Available with FPGA DSP blocks, examples in source code, and

INTRODUCING THE
SOLID-STATE RF Cooking

...Thermos?
I

(Image courtesy of

FOR A LONG TIME,
cooking meals with
solid-state radio
waves seemed little
more than a par-
lor trick to display
new wireless power
amplifiers. That was
until Freescale built
a concept oven and
offered to license
the radio emitters
inside to appliance
makers—just like it
would with wireless Wwayv Technologies)
chips and processors.

One of the first companies to employ
solid-state technology, the startup Wayv
Technologies, revealed a new portable
oven at the NXP FTF Technology Forum
in Austin, Texas. About the size of a ther-
mos, the battery-powered oven directs

@ )

|'|'|}|

energy into food more accurately than
microwave ovens, the company says.
Known as the Wayv Adventurer, the
oven is packed with high-voltage transis-
tors that beam energy directly into the
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sales3@spectranetix.com +1-408-982-9057 www.spectranetix.com/products

food. That cooks it faster and more even-
ly than conventional microwaves, which
simply fill their cavities with heat. These
transistors are the same technology that
power RF amplifiers in wireless equip-
ment, sending data signals into smart-
phones and other mobile devices.

Wayv Technologies has billed the
oven—its first product—as an alterna-
tive to portable gas stoves for campers
and fisherman. It was originally designed
for soldiers to cook fast meals at military
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The Largest Selection
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Same-Day Shipping
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Waveguide
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Waveguide
Terminations
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Adapters
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* Leading Edge Performance
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News

‘ The Wayv Adventurer oven is packed
with high-voltage transistors that beam

energy directly into the food. ,,

bases or in the field, but the company
has also suggested using it at the office.

The solid-state RF beams are pro-
duced by high-voltage laterally dif-
fused metal oxide semiconductor
(LDMOS) transistors from NXP Semi-
conductors. The transistors are con-
tained in a module that delivers 250
watts of power. Wayv contributed an
RF antenna to the design that helps
deliver high cavity efficiency, quickly
transferring energy into the food.

That efficiency is the secret to solid-
state RF cooking, and it was one of the
most striking aspects of Freescale’s con-
cept oven, Sage. The cavity magnetron
inside a normal microwave has a sup-
ply voltage of around 4,000 volts, while

transistors within Sage were vastly more
efficient, using between 28 to 50V for
cooking meals. That increased energy
efficiency translates into a longer device
lifespan for Sage, which in turn trans-
lates into longer battery life for Wayv.

Part of that efficiency was Sage’s
ability to control the location, cycles,
and levels of cooking within the appli-
ance. In contrast, conventional micro-
wave ovens simply flood the appliance
with heat, which removes moisture
from the food and results in uneven
cooking. In the Adventurer, the tran-
sistors provide “maximum power
transfer with controllable energy to the
food with less wasted heat,” Wayv said
in a statement. ™

NEW SOFTWARE Targets Phased-Array Antennas

with Beamforming

rmed with new software

rom Keysight Technologies,

i will have the ability to test

antenna arrays that employ algorithms

to shoot wireless signals in specific

directions. Keysight will include the

new tool in the latest version of its

popular SystemVue design software for

wireless components, which is sched-
uled for release later this year.

The software is designed for phased-
array antennas, in which the phase of
the antenna can be calibrated to send
signals in one direction and suppress
signals in other directions. Though
these antenna arrays can be pointed in
one direction permanently, other kinds
of phased-array antennas can steer
narrow beams of radiation using spe-
cialized algorithms. This approach is
known as beamforming.

In response to sharp increases in the

Facebook’s Terragraph phased-array

antennas. (Image courtesy of Facebook)

amount of cellular data that the average
person consumes, wireless carriers are
turning to phased array antennas with
beamforming to make their wireless
equipment more efficient. Pointing sig-
nals directly at mobile phones and other
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News

handheld devices, wireless carriers have been able to increase
the overall capacity of their networks.

Several internet companies trying to muscle into wireless ser-
vice have started using phased-array antennas. Facebook, which
has plans to expand wireless access in cities and the developing
world, built its millimeter-wave Terragraph system around
phased-array antennas. The company’s engineers have said
that beamforming helps to steer the millimeter wave around

walls and buildings and protect signals from being absorbed
into the atmosphere.

Keysight’s Phased Array Beamforming Kit helps engineers
working on these systems to model interference and power
consumption. Using the software, engineers can model parallel
wireless architectures, testing single beams or tracking indi-
vidual signals passing through phased arrays. It can also be used
to validate 3D conformal arrays using active signaling between
multiple transmitters and receivers.

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

The ability to model antenna behavior
on the system level can be helpful for
engineers dealing with the huge amount
of antenna elements in phased arrays.
One type of phased-array antenna
known as active electronically scanned
arrays can contain from 16 to 256 ele-
ments in experimental 5G systems. That
number grows to hundreds of elements
in satellite systems, and thousands of
individual baseband and RF signal paths
in military systems.

“Organizations delivering products
with phased-array subsystems typically
use five to 10 different, unconnected
design tools, not counting spreadsheets,”
says Daren McClearnon, system-lev-
el marketing manager with Keysight’s
Electronic Design Automation division.

The toolkit combines algorithmic
research and application references for
communications and radar, allowing
users to “cross-validate both the RF and
baseband from proposal to test, using
a common framework.” SystemVue
2016.08, the simulation software that
will support the phased array toolkit, is
expected to be released later this year.

Keysight is also building new soft-
ware tools for technologies related to
beamforming, such as multiple-input,
multiple-output (MIMO), which seg-
ments the narrow signal beam into mul-
tiple strands. Not long before it revealed
the new phased-array software, Key-
sight said that it would partner with the
China Mobile Research Institute on test-
ing Massive MIMO systems. The work
will focus on developing channel mea-
surement and modeling tools. To that
end, the companies will test CMRI’s
Massive MIMO antenna array to gener-
ate channel models.
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the accuracy of Rubidium...

PRS 10 Rubidium Oscillator (10 MHz)

e Less than 5 X 10-'" aging per month

e Ultra low phase noise (-130 dBc/Hz @ 10 Hz)
¢ 20 year lamp life

¢ 1 pps input and output

¢ RS-232 computer interface

$1495 (uss. list)

FS725 Benchtop Rubidium
Frequency Standard

¢ 5 MHz and 10 MHz outputs
¢ 0.005 ppm aging over 20 years

e Built-in distribution amplifier
(up to 22 outputs)

¢ 1 pps input and output
¢ RS-232 computer interface

$2695 (u.s. list)

SRS rubidium frequency standards have excellent aging characteristics, extremely low
phase noise and outstanding reliability.

The PRS10 component rubidium oscillator is designed for easy system integration. It
has a 1 pps input for phase-locking to an external reference (like GPS) and provides
72 hour Stratum 1 level holdover.

The FS725 benchtop instrument is ideal for the metrology laboratory as well as the
R&D facility — anywhere precision frequency is required. It generates 5 MHz and 10
MHz signals and has a built-in distribution amplifier with up to 22 outputs.

SRS Stanford Research Systems
: 1290-D Reamwood Ave. Sunnyvale, CA 94089 - email: info@thinkSRS.com

Phone (408) 744-9040 - Fax (408) 744-9049 - www.thinkSRS.com
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with
P 1 H I.t Senior Vice President and General Manager
au a ’ RF Power Business, NXP Semiconductors
Interview by MICROWAVES & RF

Paul Hart is Senior Vice President and General Manager of the Radio Frequency busi-

ness at NXP. He is responsible for maximizing NXP’s leadership position in RF
Power and identifying new market opportunities to drive growth.

Q: All of a sudden we’re hearing a lot about 5G, even though it’s probably five
or six years away. Is NXP already concentrating on meeting the demands of
this next generation of wireless?

PH: Well, because 5G standards aren’t likely to become formal until 2019,
you might think we have lots of time, which is far from reality. The reason is
that 5G is unique in comparison to its predecessors, as it’s the most com-
prehensive change in wireless communication since cellular’s inception. So

while 5G is still some way off in terms of deployment, we have been working
for several years to address its immense challenges for RF power devices and

power amplifiers.

Q: Tell us a bit about why this is the case.

PH: The scope of 5G is truly immense and incredibly ambitious. In addition to
increasing data rates to at least 1 Gb/s, it changes the way networks are designed
and built from their current focus on hardware to software-defined and virtually
orchestrated and dynamically controlled. It also expands operating frequen-
cies from their current limit of about 3 GHz through the millimeter-
wave region up to 60 GHz, and requires signal bandwidths of
hundreds of megahertz.

Also, 5G effectively aggregates all of the wireless
standards competing for supremacy in the IoT arena,
providing an umbrella of sorts based on cellular com-
munications. Hopefully, this will fully address the needs

“56 EEfectiVEIY aggl‘egates all Of of machine-to-machine (M2M) communications—IoT—
the Wil‘ eless standards ¢ ompeting that will finally allow it to achle.ve its full potential.

. And last, but surely not least, is the need to decrease
for supremacy in the IoT arena, round-trip latency from its current 50 ms or so in 4G

Providing an umbrella of sorts based to 1 ms or less, which basically pits it against the laws of

physics. But such performance will be essential in order

on cellular communications.” to enable autonomous vehicles, next-generation robotics,
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high-end gaming, augmented and virtual reality, telesurgery,
and other applications requiring near-instantaneous re-
sponse times. Any one of these changes alone would put 5G
in a class by itself. Collectively, they’re essentially a wholesale
revision of wireless communications in general.

Q: Can you provide some details as they relate to RF power
and RF in general?

PH: Every succeeding wireless generation has placed
greater and greater demands on designers of RF power
devices and amplifiers, and 5G takes this to a whole new
level. Take signal bandwidth. Expectations are 5G will have
theoretical maximum download data rates of at least 1
Gb/s, which requires a huge increase in signal bandwidth,
potentially as high as 400 MHz. This cannot be achieved
without advances from the die level
through packaging and amplifier archi-
tecture, while simultaneously increasing
efficiency and other metrics.

Higher frequencies—especially 60
GHz—have characteristics that make
them useful only over short distances.
They also are limited in terms of RF
power levels, will require lots of new
infrastructure, and demand truly mas-
sive MIMO in order to achieve very low
latencies. It will be absolutely essential
to reduce the size, weight, power con-
sumption, and cost of small cells through
increasingly high levels of integration.

Q: Since the new company was formed,
has the integration of Freescale’s RF and
microwave products within NXP been fairly smooth?

PH: Yes it has, especially considering the breadth of
the two companies’ product lines. The reason is that the
technologies represented are largely complementary. For
example, the RF Power business, for which I'm responsible,
targets applications requiring higher power levels than those
required in battery-powered devices. Our technologies in the
RF Power business are LDMOS transistors and RFICs and
GaN transistors. However, other business lines focused on
applications like millimeter-wave vehicle radar that rely on
SiGe. So there’s a pretty clear delineation between technolo-
gies and the applications they serve.

Q: Will NXP continue to pursue the defense sector?

PH: Since we first entered the defense marketplace in 2013,
our products have been enthusiastically received by prime
and subprime contractors—especially in the areas of L-band
radar and IFF with our LDMOS and GaN transistors. We’ve
just expanded our LDMOS line for defense, including an RF
power transistor for L-band applications that delivers very
high output. We’ve also introduced new GaN devices.

GO TO MWRF.COM

“We’ve just expanded
our LDMOS line for
defense, including
an RF power
transistor for L-band
applications that
delivers very high
output. We’ve also
introduced new
GaN devices.”

Q: After using vacuum tubes for decades, the industrial
market finally seems to be embracing solid-state devices. Is
this a significant sector for NXP?

A: Absolutely. There are a remarkable number of applica-
tions in which RF is used for heating, welding, sealing, etch-
ing, lighting, lasers, and, of course, in MRI and other medical
equipment. LDMOS in particular offers many advantages
when compared to magnetrons and other “legacy” devices
as well as bipolars and MOSFETSs, so we're actively involved
in helping manufacturers make the transition from older
technologies to LDMOS.

Q: Land-mobile and public-safety communications has
been a mainstay at Freescale for decades. I assume this
will continue to be a primary focus now at NXP?

A: The land-mobile radio market
is one of the most important to us, as
it was for Freescale and for Motorola
before that. This sector is undergoing
considerable changes so we’re ensuring
that OEMs have the devices they need to
accommodate them.

Q: I saved RF cooking for last, because
it’s so much different than your tradi-
tional markets, and potentially lucrative
as well.

PH: The real story here is not just tran-
sitioning from magnetrons to solid-state
devices for the generation of RF power,
but creating an entirely new appliance
with capabilities that no other cooking
technology can achieve. At the same time,
it takes people out of the control loop in the cooking process.

For example, the infinitely variable output power of
LDMOS RF power transistors along with beamforming and
other techniques allow nutrients and moisture content to
be much better preserved. Because the entire cooking pro-
cess is performed autonomously, you will no longer need to
periodically peek into the oven to make sure the food is be-
ing properly cooked. It also offers the possibility of cooking
different types of food at the same time.

Q: What are the challenges in developing this market?

PH: Building a microwave oven is well understood by
appliance manufacturers, but creating a solid-state RF
cooking appliance is not. So our goal is to provide the tools
that allow them to speed this type of product to market. For
companies with RF expertise, we can provide the LDMOS
RF power transistors, reference designs, and other tools.
For others, we can provide a cooking module that includes
the RF power source and its power supply, as well as com-
putational and signal-processing hardware in addition to
control software. Il
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R&D Roundup

LOG-PERIODIC MONOPOLE ARRAY SPANS 1.5 TO 6.8 GHz

OMMUNICATIONS FOR AIRCRAFT and ground ve-
hicles require low-profile antennas capable of rela-
tively broad bandwidths. To fill this need, researchers
from various institutions in China developed a low-profile, log-
periodic monopole array with end-fire radiation and vertical
polarization. Using conductor-backed coplanar stripline feed
and a broadband transition from coaxial cable to the stripline
to facilitate measurements, the antenna array achieves a wide
impedance bandwidth of 1.5 to 6.8 GHz for a VSWR of less
than 2.30:1. The antenna array also provides more than 4.5 dBi
gain over that same wide bandwidth. In spite of the outstanding
performance, the design has a low profile equal to only 0.047 A,
(the free-space wavelength at the lowest operating frequency).
The antenna consists of 15 monopoles of different sizes/
resonant frequencies printed on the top layer of a conductor-
backed printed-circuit-board (PCB) substrate. The mono-
poles have the same height and are mounted in a straight line
for a nearly symmetric radiation pattern in the end-fire di-
rection. The monopole top hats feature an elliptical shape to
avoid overlaps in radiation patterns of adjacent monopoles at

lower frequencies. In addition, the coplanar stripline is bent
slightly to alternately feed the monopoles and achieve a phase
difference of 180 deg. between adjacent monopoles across the
slot in the stripline. A pair of lumped-element resistors are
included to absorb the residual power at the end of the copla-
nar stripline. The antenna design was simulated using High
Frequency Structure Simulator (HFSS) commercial elec-
tromagnetic (EM) simulation software from ANSYS (www.
ansys.com).

A prototype antenna array was fabricated on a low-
dielectric-constant (¢, = 2.2) PCB substrate material and char-
acterized with commercial test equipment. Only slight differ-
ences were found between measurements and simulations,
which the authors attributed possibly to fabrication and as-
sembly errors. The low profile, wide bandwidth, and planar
structure of the antenna make it an attractive candidate for
vehicular and airborne communications systems.

See “Low-Profile Log Periodic Monopole Array,” IEEE
Transactions on Antennas & Propagation, Vol. 63, No. 12
December 2015, p. 5484.

ANECHOIC CHAMBERS ARE useful test level

MODELING THE WAY TO A BETTER ANECHOIC CHAMBER

computer-aided-design

tool to tions from an antenna source using the

environments for many RF/microwave
systems designs, including radar, for their
absence of ambient radio waves. They are
constructed with different dimensions and
using radar-absorbing materials (RAMs)
to reduce the levels of reflected RF/
microwave energy within the chamber. A
challenge in constructing such chambers
is in optimizing performance with different
RAMs and room sizes and configurations.
For that purpose, researchers from vari-
ous institutions in China applied geomet-
ric optics (GO) to the design and optimi-
zation of anechoic chambers in a number
of different configurations. They validated
their simulation solutions by comparison
with several actual semi-anechoic cham-
bers to compared simulations with mea-
surements, with fairly close agreement.
One goal established by the research-
ers was to develop an effective system-

describe the characteristics of the RAM
without losing accuracy or efficiency.
The far-field pattern of the test antenna
is used as an excitation source rather
than a three-dimensional (3D) model
of the antenna as typical in full-wave
simulations. In GO analysis, the electric
(E) field is assumed to propagate in an
anechoic chamber much like light, and
the researchers developed forward and
inverse algorithms to model electromag-
netic (EM) propagation in the anechoic
chamber as if it were emanating from
an optical source. Algorithms were de-
veloped with the aid of MATLAB math-
ematical simulation software from The
MathWorks (www.mathworks.com) and
the chamber was modeled by means of
ASCII stereo lithography (STL) file.
Modeling involved determining the
forward propagation paths in all direc-

forward algorithm, and then back track-
ing the reverse paths by means of the
inverse algorithm. To validate the mod-
els, several semi-anechoic chambers
were used for measurements, including
a compact chamber measuring 22.0 x
13.5 x 8.0 m. This chamber contained
half-wave dipole antennas for receive
and transmit functions, both at a height
of 2 m. Different types of RAM were
used and each type of RAM was char-
acterized and the complex reflection
coefficients for different angles were de-
termined. The work led to a systematic
solution for the analysis and design of,
hopefully, a better anechoic chamber.

See “Building a Better Anechoic Cham-
ber: A Geometric Optics-Based System-
atic Solution, Simulated and Verified,”
IEEE Antennas & Propagation Magazine,
Vol. 58, No. 2 April 2016, p. 94.
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Special Report
CHRIS DeMARTINO | Technology Editor

Passive

Components

Punch

Ihroug

Walls

Designers bank on passive components to

help deliver the performance needed to
satisfy ever-tougher demands.

igh-frequency passive components may

lack the glamour of their active counter-

parts, but they play crucial roles when try-

ing to meet system performance require-
ments. Such components, which include power dividers/
combiners, directional couplers, hybrid couplers, and more,
are needed to enable critical functionality for numerous appli-
cations. A distributed antenna system (DAS), for instance,
relies heavily on high-performance passive components.

In addition, some suppliers offer passive components
with superior power-handling capability to support high-
power applications. This article takes a look at some of these
passive-component solutions designed to meet the growing
array of demanding requirements.

DISTRIBUTED ANTENNA SYSTEMS

A DAS uses a network of antennas connected to a com-
mon location to provide wireless coverage to a specific area
(Fig. 1). As a result, wireless coverage and capacity can be

GO TO MWRF.COM

enhanced in areas that need a boost in se A DAS can be
deployed indoors or outdoors; settings include office build-
ings, convention centers, subways, airports, sports arenas, etc.

Passive components are an extremely important aspect
of a DAS. For instance, power dividers and directional cou-
plers allow signals to be distributed as required by the DAS.
Because such an antenna system may incorporate numerous
passive components in its architecture, it’s important they
provide adequate performance to satisfy the demands of the
entire system.
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1. Implementation of a DAS will ultimately improve wireless coverage.
(Courtesy of Microlab)

Passive intermodulation (PIM) can occur due to the non-
linear mixing of two or more frequencies in a passive com-
ponent, such as a cable, connector, or power divider. Causes
of PIM range from ferromagnetic materials and corrosion to
loose connections.

PIM can degrade the performance and reliability of a DAS.
Specifically, unwanted intermodulation products generated
by multiple signals in the downlink may appear in the uplink,
thereby reducing quality of service. Thus, to help ensure reli-
able DAS performance, its passive components must have
superior PIM characteristics.

One company focused on DAS applications is Radio Fre-
quency Systems (RFS; www.rfsworld.com). “Growing demand
for reliable wireless communications wherever people go, at all
times, is driving network improvements to provide connectiv-
ity in even the most challenging environ-
ments,” says Eileen Januszkiewicz, com-
mercial product manager of cables at RFS.

“These environments include stadi-
ums, airports, metro transportation sys-
tems, and hotels,” she continues. “The
world will be watching the upcoming %
Summer Olympics, which will require
unprecedented coverage capacity for mil-

Januszkiewicz adds, “Meeting communication needs in
such venues requires cutting-edge infrastructure solutions.
Passive DAS systems and components provide the flexibility
for multi-band, multi-technology, multi-operator support. A
single passive DAS solution can be shared by several opera-
tors delivering different wireless services using different
technologies and frequency bands, including mission-critical
(380-520 MHz), commercial wireless (698-2,700 MHz), and
broadband and ultra-broadband (380-2,700 MHz) in 2G, 3G,
4G LTE, and TETRA”

RFS has already delivered several DAS solutions, includ-
ing its deployment of a passive DAS for the 2014 FIFA World
Cup. Januszkiewicz explains, “RFS deployed a passive DAS
solution that enabled wireless connectivity at four stadiums
for the 2014 FIFA World Cup in Rio de Janeiro. The sophis-
ticated, multi-operator solution used a new RF sectoring
concept for each network, delivering a considerable increase
in capacity when processing calls and ensuring 2G, 3G, 4G
(LTE), and iDEN wireless communications throughout the
venue for customers of five Brazilian operators. The networks
were built with state-of-the-art indoor wireless infrastruc-
ture, including RF corrugated coaxial cables, RFS’s HYBRI-
FLEX hybrid cable, indoor and outdoor antennas, jumpers,
and accessories.”

Earlier this year, the company unveiled a range of new pas-
sive RF components for DAS applications (Fig. 2). These prod-
ucts are intended to satisfy wireless in-building commercial
and mission-critical communications requirements.

“REFS recently expanded its product portfolio of passive
components,” says Januszkiewicz. “These components include
couplers, power splitters, tappers, and hybrid combiners,
complementing our comprehensive line of low-loss RF feeder
cables and jumpers for DAS to help customers deploy future-
proof solutions. All our passive DAS products share harmo-
nized PIM specifications (-161 dBc) to maintain a high level
of repeatability and reliability of services”

Many other companies offer passive components for DAS
applications. Among them is Microlab (part of the Wireless
Telecom Group; www.microlab.fxr.com), which offers a vari-

ety of passive components such as tappers, power splitters, and
directional couplers.

lions of athletes, vendors, event manag- 2. These components, which include couplers, tappers, power splitters, and hybrid combin-

ers, and spectators.”
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Passives

R&D Microwaves (www.rdmicrowaves.com)
maintains its own line of DAS passive com- -
ponents. Covering a frequency range :
of 380 to 2,700 MHz, these products
include tappers, hybrids, and combiners/
dividers. In addition, the company offers
these components with different connector
options, such as Type-N and 7/16 DIN.

For its part, Werlatone (www.werlatone.com)
supplies a range of DAS-targeted passive compo-
nents, which includes even and uneven splitters,
unidirectional couplers, and dual directional couplers.
All ports of non-isolated even and uneven splitters can
communicate with one another. These components allow
users to split a single run of a 50-Q coaxial cable that simul-
taneously carries multiple service bands. By utilizing non-
isolated even power splitters, one signal is able to be evenly
split into two, three, or four signals, which can then enter
corridors, tunnels, shafts, or rooms. Uneven splitters can be
utilized to unevenly split a signal so that a shorter corridor,
tunnel, shaft, or hallway is provided with a smaller portion of
the power on the main coaxial run.

Also sparking interest is Westell (www.westell.com),
which offers a line of standard passive components
as well as its ClearLink PIM-rated passive com-
ponents. Standard passive components include
power dividers, directional couplers, and
cross-band couplers. The ClearLink lineup
features power dividers, directional cou-
plers, hybrid couplers, and power tappers.

Not to be outdone, Innowave RF (www. /
innowaverf.com) supports DAS applications
with products such as low-PIM power combiners/
dividers. The company offers 2-, 3-, and 4-way power com-
biners/dividers, each covering a frequency
range of 698 to 2,700 MHz. These compo-
nents achieve a PIM of -153 dBc when mea-
sured with two 20-W output tones.

HIGH-POWER PASSIVES

Suppliers of power-amplifier (PA) modules are feeling
the pressure to deliver efficient PAs in smaller sizes. Utiliz-
ing smaller surface-mount passive components inside these
PA modules can help accomplish that task. To demonstrate
this, Werlatone developed a new dual directional coupler in
response to the need for smaller PAs (Fig. 3).

“We have identified several market trends targeting smaller,
more robust, and more efficient high-power RF amplifier
modules,” says Glenn Werlau, president of Werlatone. “One
transformation that is currently ongoing is the use of smaller
surface-mount directional couplers within the modules, rath-
er than larger connectorized devices”
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4. This drop-in hybrid coupler
covers a frequency range of 20
to 1,000 MHz. (Courtesy of Inno-
vative Power Products)

3. Use of this new dual directional coupler helps satisfy the
2 demand for smaller PAs. (Courtesy of Werlatone)

) @ Werlau adds, “As a response to this market
trend, we have introduced the first in a new
series of surface-mount, 20- to 1,000-MHz,
mismatch-tolerant, dual directional cou-
plers, conservatively rated at 250 W
continuous-wave (CW). Our new design
offers enhanced insertion loss, with less
heat dissipation, resulting in a lower demand
from the system power supply. Additionally, this
design provides near-perfect main-line voltage stand-
ing wave ratio (VSWR) and a coupled port VSWR of less
than 1.2:1, assuring near-optimum flatness. The first product
is a 50-dB coupler. Further releases will be available with cou-
pling values of 30 and 40 dB”

Innovative Power Products (www.innovativepp.com) also
specializes in high-power passive components. The com-
pany’s products include power dividers, directional couplers,
hybrid couplers, and others. One of its newer products is the
IPP-2315, a drop-in hybrid coupler that covers a frequency
range of 20 to 1000 MHz (Fig. 4). This model has a
maximum insertion loss of 0.8 dB along with a
maximum VSWR of 1.35:1. Furthermore,

the IPP-2315, which can handle as much
as 50 W of CW power, maintains an
amplitude balance of less than £0.30
dB across the entire band.
TRM Microwave’s (wWwww.trmmicro-
wave.com) line of high-power passive com-
ponents achieves power-handling capability
into the kilowatt range. Components include
directional couplers, power combiners/divid-
ers, and hybrid couplers. The company builds
its range of products to satisfy a number of com-
mercial and military requirements, such as those
for combat radar systems, military radio com-
munications, weather radar, RF jamming and
countermeasures, aviation communications, and
medical imaging and radiology.

No doubt, passive-component performance is a critical
“component” in satisfying higher-level requirements. DAS
applications represent one example, with suppliers having to
adhere to stringent PIM requirements. And PA modules can
benefit greatly from using high-performance passive com-
ponents in small surface-mount packages. These are just two
examples, but passive components take on great importance
in a host of other applications, too. All that said, it is incum-
bent on passive-component suppliers to deliver products
that can meet the increasingly demanding requirements of
today’s wireless world. Gl
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Engineering Essentials
JACK BROWNE | Technical Contributor

Preventing PIM in
Microwave Systems

Passive intermodulation stems from a poor mix of components and materials in a
transmitter, when resulting signal products fall within the operating bandwidth of a

receiver sensitive enough to detect them.

MULTICARRIER COMMUNICATIONS SYSTEMS have become
commonplace, squeezing more and more signals into increas-
ingly limited frequency bands. Having transmitters and
receivers loosely spaced in frequency is never easy, especially
when intermodulation distortion from one more or transmit-
ters can cause interference that degrades the performance of a
receiver. Signals sharing the same transmission path can mix
together, causing intermodulation not only in active devices
and components, but in passive components as well.

Passive intermodulation (PIM) can originate from almost
any passive component, including antennas, cables, connec-
tors, and power dividers. Knowing how and why it starts can
help to stop it, or at least minimize PIM to acceptable levels
below a receiver’s sensitivity.

PIM is caused by the nonlinear behavior of different materi-
als and how they are assembled to form passive components.
Levels of distortion become more significant at higher power
levels because of their increased current densities. Compo-
nents with high ferromagnetic material content (such as iron,
nickel, and steel) are particularly susceptible to PIM, exhibit-
ing nonlinear voltage/current relationships.

That being said, even low-

PIM materials are subject to i
PIM; this can occur whenever
the RF/microwave transmis-

sion path through them is 2M1- 2
not clean and clear. Any poor
mechanical junction in a trans- 3f1 - 2f2

mission path, such as gaps in
conductors or loose connec-

4f1 - 312 ‘

tors, can cause PIM. In addi-

PIM is a concern when it falls within the frequency range of
areceiver with sufficient sensitivity to detect it. As newer wire-
less carriers attempt to provide more customers with more
service over limited bandwidths, they employ base stations in
which transmitters and receivers are diplexed, or where two
or more transmit frequencies may share the same antenna.
Both cases are invitations to PIM, especially for poorly fitted
or matched components and dirty or corroded transmission
paths (e.g., poor connections to the antenna).

At higher power levels, such as those used by cellular base-
station transmitters, PIM can reach levels that are above
the sensitivity of a nearby receiver—a cellular handset, for
instance—and can block the reception of desired signals car-
rying voice, data, or video information. Fourth-generation
(4G) cellular communications networks using frequency-
division-duplex (FDD) techniques require high levels of signal
fidelity and can suffer performance degradation, with loss of
audio quality on cell phones and diminishing of data rates as a
result of excessive levels of PIM.

Carrier signals and their harmonics mix to generate
PIM generation, with distortion levels diminishing as the

order of the mixing products

f2 increases. While third-, fifth-,
and seventh-order intermodu-

lation products from a given

202 - f1 transmitter may fall in the
operating frequency range of
a nearby receiver, usually the
third- and fifth-order products
are the only ones at power lev-

3f2 - 2f1

‘ 4f2-30

els sufficient to exceed the sen-

tion, surface defects on trans-
mission paths, like rust or
oxidation, can also be a starting

point for PIM. base stations.
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1. PIM is produced by the mixing of two signals and their harmonics
as they share a transmission path, commonly the case in wireless

sitivity of a receiver.

Of course, with the growing
number of wireless devices and
frequency bands commonly in
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2. This block diagram provides an example of a reflective test setup
for measuring PIM. (Courtesy of Anritsu Co.)

use, PIM from the transmitter(s) of one wireless application
may also fall within the receive range of another wireless
application. Therefore, it can be useful to at least know where
several orders of PIM products may fall, so as to determine
whether they can cause interference for other wireless receiv-
ers in range.

The two main intermodulation products of concern are
third- and fifth-order intermodulation, which for two fre-
quencies (f1 and 2) are produced by the mixing of fundamen-
tals and harmonics (Fig.1):

Third-order intermodulation: 21 — 2
Fifth-order intermodulation: 3f1 - 22

These mixing products are of concern when they fall within
a receiver’s passband. For example, for a transmitter broad-
casting tones at 870 and 890 MHz, the third-order inter-
modulation is 2(870) - 890 = 850 MHz, while the fifth-order
intermodulation is 3(870) - 2(890) = 830 MHz. Intermodula-
tion is also produced by the sum of the carriers and different
harmonics, but this distortion will occur at much higher fre-
quencies—usually out of the range of an applicable receiver.

While using components designed for low-PIM perfor-
mance is advisable in systems with receivers and transmitters
closely spaced in frequency, PIM is not always predictable;
its behavior can change over time and operating conditions,
such as temperature. Low PIM levels may be validated when
commissioning a cell site or base station, but those levels can
worsen over time as mechanical junctions in the transmission
path deteriorate. Keeping any transmission junctions free of
dirt, rust, oxidation, or corrosion is essential to maintaining
low long-term PIM performance, and testing for PIM can con-
firm that suitable performance levels are being maintained.

Even printed-circuit boards (PCBs) are subject to PIM, such
as in printed antennas for wireless communications devices
and systems, depending on their composition and the types
and layouts of transmission lines fabricated on them. Various
PCB material manufacturers offer low-PIM grades of their
materials, fabricated with materials less likely to give rise to
PIM at higher power levels.

GO TO MWRF.COM

Measuring PIM levels has grown easier in recent years due
to the growing number of portable battery-powered high-
frequency spectrum analyzers that can be used for on-site
testing, as well as several dedicated PIM testers from vari-
ous suppliers. When testing is performed with a spectrum
analyzer—rather than an all-in-one tester—two signal genera-
tors or an arbitrary waveform generator capable of providing
two independent test signals will be needed to simulate two
signals, giving rise to intermodulation products. In addition, a
pair of amplifiers will likely be needed to boost the test signals
to levels comparable to those produced within the transmit-
ter’s transmission path.

PIM levels are usually gauged by means of reflective testing.
For example, two signals are injected into a device under test
(DUT) or into a transmission path, such as one leading to an
antenna, and the levels of PIM are analyzed from the reflected
signals at the input port of the DUT or transmission path (Fig.
2). Cables are usually part of the test setup, but they can also
be part of the PIM problem. Coaxial cables may be the source
of PIM in a high-frequency transmitter, but they may also be
used to test for PIM in the same transmitter.

Such cables should be manufactured with the appropriate
materials and properly tested for low-PIM performance, lest
they contribute to the signals under test. A number of suppli-
ers offer low-PIM cables for such test purposes, with some also
providing free-of-charge application notes on the use of their
cables for PIM measurements.

The electrical length of a test cable can also affect the
accuracy of a reflective PIM test, especially when the test
is conducted with two fixed-frequency carriers (f1 and 2).
Changing the frequencies of the two carriers and repeating the
measurements can provide insight into the amount of signal
addition and/or cancellation that might be taking place in the
test cables to degrade the accuracy of the PIM measurements,
and resulting in erroneous detected PIM levels.

For best results in a communications or test system, cable
connectors should be connected with torque values as recom-
mended by the cable assembly’s manufacturer. This will ensure a
reliable transmission path without loose fittings and air gaps that
can cause arcing at higher power levels, resulting in high PIM
levels. When cleaning connector interfaces, whether for testing
or maintaining communications systems performance, isopro-
pyl alcohol has long been shown to be a reliable cleaning agent.

While evaluating components for PIM performance, make
sure that fair comparisons are being made. Different data-
sheets present PIM in units of dBc or dBm. It is typically easier
to compare the levels for different components using dBm,
which is relative to the power level at 1 mW (0 dBm) compared
to dBc, which is in turn relative to the carrier level. The use of
dBc is fine when different components are characterized in
similar ways, but difficult if comparing components that were
tested for PIM at different carrier levels. [l

4


http://mwrf.com

=

SKYWORKS’

Enabling the Internet of Things

Defense

Computing Media It Wireless Infrastucture
= S Consumer ]
\ '

Smart Meters
= Electronics

Machine-to-Machine

-~ Medical

+= Automotive

| Leveraging Multiple Wireless Technologies

Skyworks is enabling the Internet of Things. As a leading provider of innovative analog semiconductors,
Skyworks is supporting the need for reliable, high-speed, wide area network connections carrying data,
voice, video and multimedia content utilizing a wide range of technologies:

Bluetooth® Smart
e GPS

e LTE

o Wi-Fi

+ ZigBee®

For more information about Skyworks’ product portfolio,
please visit our Internet of Things site at www.skyworksinc.com/loT

sales@skyworksinc.com | USA:781-376-3000 | Asia: 886-2-27350399 | Europe: 33 (0)143548540 | NASDAQ: swks | [I2


http://www.skyworksinc.com/IoT
mailto:sales@skyworksinc.com
http://www.linkedin.com/company/skyworks-solutions-inc
http://www.facebook.com/pages/Skyworks-Solutions-Inc/119703933782
https://twitter.com/skyworksinc

Industry Trends
JACK BROWNE | Contributing Editor

Power Demands Put the
Pressure on Packaging

Higher power densities and frequencies are pushing packages to their limits, while
emerging wireless applications such as IoT and 5G seek lower-cost housings.

MICROWAVE PACKAGING COVERS alot of ground (and relies on
a reliable ground plane), and includes many configurations and
material compositions. Such packages range from microscopic
to cabinet-sized for system assemblies. Whatever the size or type,
all are designed to protect the electronic devices, components,
and circuits within them. Depending on the materials and con-
struction, they may be rated for different levels of temperature,
humidity, vibration, shock, and input power.

Increased integration has been an ongoing goal for RF/
microwave-package developers to support the mass adoption of
high-frequency technology in products like cellular phones and
wireless local-area networks (WLANS). It is safe to say that wire-
less technology brought high-frequency packaging into a more
integrated realm. That should continue as RE, microwave, and
even millimeter-wave technologies merge with the internet via
the fifth generation (5G) of wireless networks and applications
such as wearables and Internet of Things (IoT) devices. These
applications should increase the use of system-in-package (SiP)
and system-on-chip (SoC) devices in order to integrate radio
and control circuitry within one compact housing.

SoC and SiP devices have different package configurations,
such as 2D and 3D. In the former, semiconductor devices are
placed horizontally while in the latter, to save space, devices are
mounted and stacked vertically, typically on the layers of a mul-
tilayer printed-circuit board (PCB). Devices within a SiP are
usually interconnected by flip-chip or wire-bond approaches.

Multichip modules (MCMs) follow a similar integration
approach as SiPs and SoCs, with multiple discrete devices or ICs
contained within a single package. One difference between an
MCM and SiP, however, is that an MCM provides package pin
connections for the different devices contained within, rather
than the system-level control of an SiP or SoC. This makes it
possible to provide biasing for individual components, such as a
discrete power transistor or an active mixer.

These higher levels of packaged integration are driven by
requirements for smaller size and less power consumption (Figs.
1 and 2). While SoCs, SiPs, and MCMs support miniaturization,
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1. High-power packages have traditionally relied on large flanges for
thermal dissipation.

a price is paid for that small size: Integrating multiple active and
passive components within a single package tends to reduce
production yields, since any one defective component in the
module will cause the entire module to fail.

Perhaps one of the more difficult RF/microwave devices to
package is the high-power discrete transistor or high-power
monolithic-microwave-integrated-circuit (MMIC) amplifier.
Though physically small, it is a large source of heat. In addition
to providing an effective thermal path from the active device to
outside circuitry or a heat sink, the packaging materials must
also offer low-loss transmission paths for input and output sig-
nals and, in some cases, operate effectively with high voltages.

With the increasingly widespread use of high-power-density
devices such as gallium-nitride (GaN) transistors, thermal man-
agement in packaging is becoming as great a concern as electri-
cal performance. Ideally, a GaN device would turn all applied
electrical energy into electromagnetic (EM) energy, and very
little heat would be dissipated. But modern power transistors
and MMIC amplifiers are not capable of perfect power-added
efficiency (PAE) and a considerably amount of bias energy con-
verts into heat, which must be dissipated efficiently to ensure
the long-term reliability of the device and surrounding circuitry.
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RF Packaging

Power transistor packages usually incorporate ceramic
frames with conductive metal grounds and conductors, such
as copper (Cu). The main problem in packaging a device that
generates lots of heat in a small space is the differences in the
coefficient of thermal expansion (CTE) for, say, the ceramic,
Cu, and semiconductor die itself. If they don’t match closely
enough, the materials expand and contract with temperature at
different rates, causing stress and cracks in the ceramic or cop-
per conductors.

High-power transistor packages have traditionally provided
reliable thermal paths, typically by means of robust flange-
mount packages (Fig. 1, again). While thermally efficient, such
packages are large and expensive, driving many semiconductor
manufacturers to search for more cost-effective ways of packag-
ing high-power RF/microwave transistors and MMICs

Kyocera (http://global.kyocera.com) has done extensive
research on different materials for heat sinks used in high-
power packaged transistors, for the purpose of finding a cost-
effective material with efficient thermal dissipation. Copper
heat sinks are estimated to have 40 to 50% reduction in thermal
resistance compared to more exotic (more expensive) copper-
tungsten (CuW) materials. Copper, the lowest-cost heat-sink
material, is readily available from multiple sources to reduce
cost. Any material with enhanced thermal properties compared
to copper will be more expensive, such as copper silicon carbide
(CuSiC), Cu diamond, and Cu graphite.

The firm found copper laminates could replace the more
exotic CuW base and heat-sink materials in high-power pack-
ages. As with CuW, the copper laminates supported high-
temperature brazing to alumina for fabrication of ceramic
packages, with significantly improved thermal resistance and
potentially reduced cost. In addition, CuW has a much higher
modulus of elasticity (is much stiffer) than copper, allowing
for some greater tolerances in the assembly and manufactur-
ing processes.

However, in the Kyocera studies, it was found that copper
and CuW differed somewhat in terms of surface defects, which
could impact the thermal flow from an active device to the heat
sink. CuW is a machined or ground substance with a very even
and consistent surface, while rolled copper or copper laminates
have very uneven surfaces and are subject to voids underneath
a semiconductor die mounted on their surface. Such voids are
interruptions in the thermal path and can become hot spots.

But is there some alternative to ceramic materials, such as
alumina and low-temperature cofired ceramic (LTCC) for
high-power RF/microwave device packages? With the wide-
spread adoption of GaN as the high-power RF/microwave
semiconductor substrate of choice, and with higher-power
apps (e.g., radar) no longer the exclusive domain of military
systems, the need for lower-cost power RF/microwave device
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2. Surface-mount-technology (SMT) packages such as this air-cavity
housing provide thermal dissipation through the mounting interface.
(Courtesy of RJR Technologies)

packaging is apparent.

Package and semiconductor developers have long consid-
ered alternatives to ceramic package frames, including organic
laminates and plastic materials. In fact, several firms have intro-
duced high-power devices in packages with plastic frames, both
for continuous-wave (CW) and pulsed applications.

More higher-power GaN devices are arriving in low-cost
plastic packages as well. Two years ago, at the International
Microwave Symposium, Cree/Wolfspeed (www.wolfspeed.
com) introduced GaN discrete transistors that operated at
frequencies to 3.8 GHz in plastic packages. The +50-V dc tran-
sistors operate across multiple cellular communications bands
with 65% efficiency at saturated output-power levels. The plas-
tic packages provide effective thermal management plus help
lower cost and reduce weight.

Plastic-encased GaN transistors or amplifiers were also made
available from MACOM, Qorvo, and NXP. MACOM’s (www.
macom.com) MAGX family, based on the firm’s GaN-on-Si
process, is housed in lightweight plastic packages. The packages
employ advanced heat-sink and die-attachment techniques to
achieve less than +115°C average junction temperature (with an
+80°C base plate) for a pulsed output power of 93 W. The input
pulses have a 1000-us pulse width and 10% duty cycle.

Designed for use at +50 V dc, the transistors come in stan-
dard 3 x 6 mm dual-flat-no-lead (DFN) packaging. They can
be mounted on PCBs via ground/thermal arrays and be reli-
ably operated at temperatures to +200°C or higher. In fact, the
plastic-packaged devices were lifetime-tested and projected to
have high reliability for 100 years when operating at +218°C.

Just one year ago, NXP/Freescale (www.nxp.com) intro-
duced its RF5011N, a GaN-on-SiC transistor for use at fre-
quencies to 3 GHz. Designed for a +28-V dc supply, it provides
10-W output power with 10-dB gain. The transistor is sur-
rounded by the firm’s OM-270-8 plastic packaging and uses
advanced die-attach technology to achieve outstanding ther-
mal resistance even without the ceramic materials. The firm’s
125-W (from a +50-V dc supply) model RE5015N also comes
in the plastic package. [l
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Method Finds Faults In

COAXIAL
CABLES

This straightforward
technique works in
the frequency domain
without need for
exotic test equipment
to accurately find the
distance to a fault in
RF/microwave
coaxial cables.

GO TO MWRE.COM
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oaxial cables are essential to many RF/microwave applications, being the
external transmission lines that connect high-frequency signals from one
point to another. Unfortunately, whether used in a circuit, a system, or in a
test setup, coaxial cables can develop unseen faults that may be anywhere
h. Finding those faults can often be challenging, typically requiring the use

of time-domain reflectometry (TDR), which operates much like a radar system; it sends

a signal with fast edge into the cable and measuring the time required for the reflected

signal edge to return from the fault.

Analysis of the reflected signal gives insight into the location and type of fault.

The resolution of a
distance measurement
depends on the rise-
time of the pulsed test
signal, which must be
in the picosecond range
to resolve a cable fault
that may be only inch-
es away from the test
signal connection. In
addition, the accuracy
of TDR measurements
will suffer when work-
ing with transmission
lines which cannot
support these high fre-
quencies; attenuation
is increased as the dis-
tance to fault increases.

There is, how-

—o—
Fault
RF signal generator —) O X

Frequency counter RF voltmeter

1. When TDR techniques are used for finding faults in cables, a

50 Q

O

pulse generator is used with an oscilloscope, although with the
(FD)2 method, the pulse generator can be replaced by an RF signal
generator and the scope by an RF voltmeter.

: |<_D_>| Fault
{500 -0 O X

I

I

I (Open or short)
Spectrum analyzer

2. The (FD)2 method for finding faults in coaxial cables can be

O

further simplified when performed with a spectrum analyzer and a
tracking generator.
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Finding Cable Faults

-4 Cqble belng tesfed

3. This is the test setup that was used for the (FD)? cable fault detec-

“T" connector

i BE L

tion measurements, consisting of a spectrum analyzer with integral

tracking generator.

ever, an alternative approach to finding faults in coaxial
cables, by means of a new frequency-domain fault detection
(FD)? method.

Cable fault detection based on TDR techniques is accurate
and reliable, although the measurements can be complex and
require sophisticated and often expensive test equipment,
such as a high-frequency oscilloscope and pulse generator or
a single integrated TDR tester. The (FD)? method does not
require specialized test equipment or very high test frequen-
cies to determine the location of a cable fault.

In fact, with the (FD)? approach, the longer the distance
to the fault, the lower the frequency required to find it. The
test method was easily capable of resolving the addition of
an 0.8-in.-long BNC adapter to the end of a 2-ft.-long coaxial
cable. It should be noted, however, that while a TDR measure-
ment determines both the location and nature of a cable fault
(open, short, or complex impedance), the (FD)? approach only
provides the location of a simple fault (an open or short). In
many cases, this is all that is needed.

For the measurement examples presented in this report, a
model MS2720T Spectrum Master spectrum analyzer with
integrated tracking generator from Anritsu Co. (www.anritsu.
com) was used. The base model in this series of instruments
operates from 9 kHz to 9 GHz with resolution bandwidths
from 1 Hz to 10 MHz. For the purpose of performing (FD)?
cable fault detection, however, this is quite a suitable frequency
range performance in a relatively small, battery-powered
package. In fact, to perform (FD)? cable fault detection, all
that is required is a calibrated frequency source (such as a syn-
thesized frequency generator or frequency generator with a
frequency counter) and a means of detecting its relative ampli-
tude (such as an oscilloscope or RF power meter).
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4. Nulls occur when a reflected wave is delayed by 180 deg. or by 2

wavelength during every 360-deg. cycle of transmission.

PRINCIPLE OF OPERATION

Like fault detection using TDR, the (FD)? method sends
a signal down a cable and measures the reflected versions
of that original signal. However, the (FD)? approach uses a
continuous sinewave signal rather than the high-speed pulsed
signals of TDR measurements. Like TDR measurements,
signal reflections will occur at a cable fault due to the inter-
ruption in the transmission line impedance at that point, and
the reflected signals will travel back toward the signal source.

At particular frequencies and line lengths, the reflected
signal wave will be completely out of phase with the initial
forward-wave signal, resulting in cancellation of the signal
wave. By measuring the frequencies at which these cancella-
tions (or nulls) in the signal waves occur, it is possible to deter-
mine the distance from the signal source to the cable fault.

The measurement setup for the (FD)? method is very simi-
lar to that used for TDR measurements, except that the pulse
generator is replaced by a signal generator and the oscilloscope
is replaced by an RF voltmeter (Fig. 1). When a spectrum ana-
lyzer with an integral tracking generator is used, the test setup
simplifies to the configuration shown in Fig. 2. A photograph
of the actual measurement setup used for the examples in this
article is shown in Fig. 3.

Asnoted, the returning signal waves reflected from the fault

SAMPLE WORKSHEET FOR
FINDING FAULTS IN COAXIAL CABLES

Line Parameter Equation Value Units
1 Calibration cable length in.
2 “T" connector length 3 in.
3 Net calibration length, lg | (line 1) + (line 2) in.
4 Calibration cable, Afy MHz
5 Cable velocity 2(line 3) x (line 4) MHz-in
6 Unknown cable, Af MHz
7 Distance to fault 0.5(line 5/line 6) in.
8 Distance to fault in cable | (line 7) - (line 2) in.
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Finding Cable Faults

will result in cancellations with the forward wave when the
two waves are out of phase with each other; a null will occur
whenever the reflected wave is delayed by 180 deg. (or ¥2 wave-
length) and repeated every 360 deg. that the wave travels (Fig.
4). These nulls occur according to the relationship in Eq. 1:

withn=3,4,5,... (1)

where d is the distance to the fault and X is the wavelength of
the cable at a frequency of interest.

Similarly, peaks occur when the reflected wave is in phase

2d =N/2,3M/2, 502, 2n+1)N/2, ...

KRYTAR
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with the forward wave, and delayed by an integral number of

wavelengths, as shown in Eq. 2:

2d =\, 2\, 3\, nA, ...
withn=4,5,6, ... (2)

Substituting A = v/f, where v is the
velocity of propagation of the cable
(approximately 0.6¢ or three-fifths
the speed of light) and f is the test fre-
quency, and performing some algebra-
ic manipulation, it is possible to find
that nulls and peaks will occur in an
open-circuited cable for the conditions
shown in Eqs. 3a and b:

Nulls occur at

f=(1/4)(v/d), (3/4)(v/d), (5/4)
(v/d), [(2n +1)/4](v/d), ...
withn=3,4,... (3a)

Peaks occur at

f=(1/2)(v/d), (2/2)(v/d), (3/2)(v/d),
(n/2)(v/d),withn=4,5,6, ... (3b)

The difference in frequency between
two successive nulls or peaks can be
found by Eq. 4:

Af=(1/2)(v/d) (4)

or by solving for the distance to the
fault in the cable, d, by means of Eq. 5:

d=(1/2)(v/Af) (5)

By knowing the values of v and Af, it
is possible to find the value of d.

A similar analysis can be performed
for a shorted cable, where Eqs. 4 and 5
still apply, although it should be noted
that the (FD)? method cannot differen-
tiate between open-circuit and short-
circuit cable faults.
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Finding Cable Faults

a3 SPA Measurement Editor - Cable #2 + Cable #1.5pa

Spectrum Analyzer Data
Cable #2 + Cable #1 (3.75 m + 3.75 m)

-40.0 i
dBm 5009 10.008 15.007

A: Center Freq: 25.005 000 MHz

20.006 25.005 30.004 35003

=/ E-#% EXPLORE AN EXAMPLE

e To demonstrate an example of
using this fault-finding technique,
first calibrate the test system using
a known length of cable of the
same type to be tested. Simulate a
break in the known cable length
and then find the distance to the
fault. Calibration can be per-
formed by connecting an unter-

40.002 45.001

minated 7.5-m length of cable to
Span: 49.990 000 MHz

the test system (two 3.75-m-long
cables coupled together). Equa-

Mkr _Ref Delia Ref Freq Ref Amp Delta Freq Delta Amp tion 6 can be applied with an add-
1 @ 6.372 364 MHz -23.06 dBm 13.088 291 MHz 453 dB ed 3-in. length for the arm of the
> W 19.460 655 MHz 18,53 dBm 12.906 509 MHz 0.92 dB T-connector in the test setup of
3 [ W 32367 164 MHz -17.60 dBm 12.997 400 MHz 0.92 4B

Fig. 3 to find (as shown in Fig. 5):

5. This spectrum analyzer screenshot shows the successive nulls for two lengths of 3.75-m coaxial

cables linked with a T-connector. Using the three markers shown, it is possible to calculate Afz,.\,emge

=12.9974 MHz.

Prior to performing cable fault detection with the (FD)?
method, it is necessary to calibrate cable velocity, v, for the par-
ticular cable using a known length of the same kind of cable as
the transmission line that is being tested. For this purpose, Eq.
4 is solved for v as shown in Eq. 6:

v=(2d)(Af) (6)

Finding the distance to the fault is then simply a matter of
measuring the frequency difference between successive nulls
and applying Eq. 5.

Although either peaks or nulls could be measured for this
purpose, it is easier to measure nulls on account of their being
sharper.

! SPA Measurement Editor - Cable #1.5pa

Spectrum Analyzer Data
Cable #1 (3.75 m)

-40.0
dBm

20.006 25.005

5009 10.008 15.007
A Center Freq: 25.005 000 MHz

30.004 35.003

v=2(3.75m + 3in.)12.9974 MHz
v=1.969 x 108 m/s

The fault in the cable can be simulated by breaking the
coupling between the two 3.75-m cables, so that the correction
answer, 3.75 m, is already known.

Using Eq. 5 and then subtracting out the 3-in. length of the
T-connector in the test setup (Fig. 3), it is possible to calculate
the additional cable length (as shown in Fig. 6):

d=(1/2)[(1.969 x 108 m/s)/(25.904 MHz)] - 3 in.
d=3.725m

An error of 25 mm (about 0.67%) from the actual known
3.75-m distance is due in large part to the (lack of) frequency
resolution of the spectrum analyzer. Higher analyzer resolu-
tion can be achieved by reducing
the frequency span so that just a
pomm—— si1glc null is shown on the analyz-
er’s display screen.

In short, the (FD)? method pro-
vides a simple means to find the
distance to a gross fault, such as
an open or short, in a transmis-
sion line using only a relatively
low-frequency signal generator and

40002 45001 some form of amplitude measur-

FRE A0 R0 900 Whtx ing instrument, such as a general-

purpose spectrum analyzer. The

Mkr_Ref Delta Ref Freq Ref Amp Delta Freq Delta Amp new method eliminates the need
1 12,825 618 MHz -26.09 dBm 25.903 808 MHz 3.62dB for complex TDR techniques and

6. The spectrum analyzer screen provides a measurement of one 3.75-m length of cable across an

approximate frequency span of 50 MHz with Af = 25.904 MHz.
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more expensive test equipment for
finding faults in coaxial cables. Tilli
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Desion and

Test

1DS fo Help

Extend Product Lifetimes

Understanding the impact of selecting different materials and manufacturing processes
can separate standard high-power resistive components from those designed and

tested for true high-reliability applications.

igh reliability and long lifetimes, two prod-

uct attributes that tend to go together, can be

enhanced through the thoughtful selection of

materials for designing and fabricating a high-
frequency component. A 250-W termination will serve as an
example on how following proper design guidelines and how
standardization of high-power testing methods aid in material
selection for reliable high-power components.

Accelerated life testing, where a component is subjected to
operating conditions that may cause it to fail, can provide insight
into how to make its next design iteration more robust and reli-
able. To better understand design and process issues that limit
product reliability, particularly for high-power, flange-mounted
attenuators, resistors, and terminations, a 1000-h cyclic burn-in
methodology was developed to address catastrophic failures.

ACCELERATED LIFE-TEST SPECIFICS

The test procedure was developed to evaluate components for
high-reliability (hi-rel) applications, but has merit when applied
to new and existing component designs for both commercial

Test point
- 100
]
g |
o 75 |
el
2 |
2 50 I
K] |
] |
g 257 I
c
g !
5 O T T T T !
o +25 +50 +75 +100 +125 +150

Interface temperature (°C)

1. The plot shows that high component reliability can be achieved with
normal steady-state operation.
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and military use. The lifespan of these components depends
solely on the end use of the product; e.g., it is known that steady-
state operation will ultimately yield the highest reliability when
a component is operated according to recommended limits
(Fig. 1). In contrast, reliability will be compromised when com-
ponents are subjected to operation that involves on/off power
conditions and temperature cycling (Fig. 2).

Performing accelerated power testing on 250-W flange-
mount terminations required the selection of several groups of
components: Group A with no failures, Group B with one test
plan, and Group C with a somewhat different test plan. Group
B testing involved mounting the terminations on a burn-in
plate, maintaining the device base temperature at +100°C, and
burning-in the terminations at 250-W continuous-wave (CW)
input power. Group
C testing included
a cyclic 1000-h

Cu/W vs. Cu Flange
Power-Cycling Test

1,000,000 . .
burn-in period that
100,000 500,000 involved mounting
the terminations

2 10,000 H :
< on a burn-in plate,
— 1,000 - maintaining the
g base at a tempera-

£ 100 H P
> ture not exceeding
104 H +100°C, and apply-
Case #2 . .

ing 250-W input
Cuflange  Cu/Wflange  power in cycles of
Flange type 1.5honand 0.5 h

off for a total dura-
tion of 1000 h.
The devices were

2. Reliability suffers when a component must
endure power and temperature changes in

cycles.
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Ceramic chip

(b) Typical heat flow

3. Creating a thermal model of a passive resistive component involves
studying thermal patterns (a) and understanding differences in thermal
flow (b) through different materials in the component.

allowed to stabilize at room temperature for not less than 1 h and
not more than 2 h.

The testing resulted in two catastrophic failures, which were
identified as fractured beryllium-oxide (BeO) ceramic chips.
Such failures can then be correlated to a “root cause” analysis and
included in a report that summarizes the cause of the failures.
This study helps address materials and processes that could
have an impact on failures occurring with present and future
component designs. The results have also identified the need for
possible design modifications to increase reliability and lifespan.

DIGGING INTO DESIGN

During the design phase, the following recommendations
apply to high-power resistive devices: reviewing and under-
standing a customer’s specifications; knowing the maximum

operating frequency, the maxi-
Increased thermal resistance

mum VSWR, and the minimum ¢
and mechanical stress

and maximum operating tempera-
tures at full rated power; knowing
pulsed-signal requirements (e.g.,
pulse width and duty cycle); know-
ing the power derating specifica-
tions; and knowing the power and
temperature-cycling requirements.
Selection of materials is criti- el
cal when designing and develop-
ing a high-power resistive com-
ponent for specific customer
requirements. One starting point

GO TO MWRF.COM

THERMAL BOTTLENECK

4. Voids in component material stack-ups can lead to hot spots
and reliability issues when operating at high power levels.

is deciding which ceramic material can serve as the building-
block material to meet a customer’s electrical and thermal
design requirements, and whether the design should be fabri-
cated as a thick- or thin-film device. If thin film, should it be
based on tantalum-nitrate (TaN) or nickel-chromium (NiCr)
films, typically deposited on an alumina, aluminum-nitride, or
beryllium-oxide substrate? In addition, if NiCr material is cho-
sen, does the application (such as a high-power pulsed circuit)
require any sort of metal reinforcement, such as nickel?

Materials selection also extends to the device flange—it
should meet various thermal requirements, such as a coefficient
of thermal expansion (CTE) that is well matched to the other
materials selected for a hi-rel component. In addition, decisions
must be made on the flange plating material, such as inter-
metallic materials, and solder or brazing material used to attach
a chip component to a flange-mount package. Other materials
selection requirements involve whether chip plating will be
needed (depending on the solder or brazing requirements) to
meet the requirements of a particular application.

Developing a high-power passive component will involve
the calculation of an optimum film topology for handling the
required power levels while still meeting the RF/microwave per-
formance specifications. It will also necessitate thermal analysis
and simulation of the material stack-up per customer require-
ments using modern computer-aided-engineering (CAE) soft-
ware simulation tools, as well as simulation of the electrical
performance, such as insertion loss, return, loss, and VSWR.

Along with proper materials selection, the choice of manu-
facturing process should be based on meeting the design goals
and customer requirements for a particular component. In
addition, test procedures should be formulated in support of
characterizing a component for the performance goals set dur-
ing the design and materials selection stages of a product’s
development. It’s crucial that test fixtures be designed for accu-
rate testing of the manufactured component. Also, the fixtures
should be able to deliver accurate data consistently throughout
the validation process, since this data will determine the success
or failure of achieving the design goals. All test data should be

recorded, compiled, and incorpo-

Excessive hot

rated in a validation report that is
spot with void

available for future use.

Possible
fracture line

VALIDATING A DESIGN

For a high-power resistor or
termination, two main design
considerations can impact the
hoped-for long-term reliability of
the component: the component
being subjected to high tempera-
tures that exceed the limits of
its materials, causing reliability
issues; and excessively high tem-
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peratures being sustained for
a long-enough duration that
results in damage to the com-
ponent, or complete failure.
For such a passive com-
ponent, when power is dis-
sipated, the temperature gra-
dient through the ceramic,
solder, flange, and thermal
compounds used to construct
the component, along with the
CTE mismatches among these
materials, creates mechanical
stresses whenever CTEs are
significantly different. The

solder attachment of the chip to the flange is subject to fatigue

cracking with repeated exposure to stress

withstand any fatigue caused by cycling on and off and will not

degrade and fail over time.

Material selection is critical for hi-rel
components so as to avoid thermally
induced stresses that can cause failures.
For steady-state operation, a standard
material stack-up is normally sufficient.
However, when a component must han-
dle power and temperature cycling, solder
and flange material selection is critical for
high reliability (Fig. 2, again).

Two cases were used to explore the
effects of material selection. In the first
case, the material stack-up thermal resis-
tance is 0.1580°C/W with a At gradient of
+39.5°C at 250 W, resulting in an approxi-
mate film temperature of +139°C. This is
well below the industry-standard limit of
+150° to +180°C. Although the junction
temperature (8j.) is very good, the CTEs
of the materials differ significantly, result-

. A robust design can

Even thermal
dissipation

Good columnar

heat flow

NORMAL HEAT FLOW

els and temperatures.

5. Ideally, good columnar heat flow through a passive component
provides effective dissipation of heat at high operating power lev-

ing in mechanical stresses that
will eventually lead to component
failures. In the second case, the
thermal resistance is 0.2036°C/W,
which is higher than the first case,
with an approximate film tem-
perature of +150.9°C. This is still
within the preferred limit, but the
CTE of the material stack-up is
almost identical to the first case.
Nonetheless, the second case’s
material stack-up has the advan-
tage of sustaining higher reliabil-
ity and a longer life span.

The material stack-up of the

first case (Table 1) is widely used throughout the industry, con-
sisting of a BeO chip, copper flange (with Ni plating), and Sn-96
solder; components with this material stack-up show failures

TABLE 1: DETAILING MATERIAL PARAMETERS
FORTHE FIRST CASE

Material CTE (ppm/°C) K (W/cm°C) Theta (°C/W)
BeO chip (0.375 x 0.375in.) 9.0 2.61 0.0930
Sn-96 solder 30.0 0.33 0.0240
Ni-plated Cu flange 17.0 3.94 0.0330
Thermal grease N/A 0.09 0.0080

Note: (8jc) = 0.1580°C/W x 250 W = At of 29.5°C.The film femperature at +100°C mounting-plate
temperature is approximately +139.5°C.

TABLE 2: DETAILING MATERIAL PARAMETERS

FORTHE SECOND CASE
Material CTE (ppm/°C) K (W/em°C) Theta(°C/W)
BeO chip (0.375 x 0.375in.) 9.0 2.61 0.0930
Au/Ge solder (88%/12%) 10.0 0.44 0.0126
Au-plated Cu/W flange 10.0 1.85 0.0900
Thermal grease N/A 0.09 0.0080

Note: (8jc) = 0.2036°C/W x 250 W = At of 50.9°C.The film temperature at +100°C mounting-plate

temperature is approximately +150.9°C.

NEW'! NEW! NEW!

We stock the new rugged FREESCALE 1KW transistor and parts for the
2M and 88-108MHz amplifier designs
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6. The junctions between different materials comprising a passive
component are subject to mechanical stresses at high power levels
and temperatures due to differences in CTE values.

beginning at 400 on/off cycles (Fig. 2, again). The mate-
rial stack-up of the second case (Table 2) employs
exotic materials, including a BeO chip, tungsten/cop-
per (Ti/W) flange with gold (Au) plating, and gold/
germanium (Au/Ge) or gold-tin (Au/Sn) brazing
material. Components using the material stack-up in

the second case show failures beginning at 500,000 +225
on/off cycles—a factor of 1250x higher than the +200
industry standard (Fig. 2, again). O s
Solder voids must be considered during the ¢ +150
processing phase when assembling high-power ;E_’ 105
devices. This has been addressed by the semiconduc- g
tor industry over many years of research and testing. = +100
Myriad papers have been written that pertain to the +75
reliability impact of thermal rise within the junction +50
of the semiconductors. A simple rule of thumb: For +25
every 10°C rise in junction temperature, the reliability 0
drops by 50%. Although this rule of thumb is meant

for semiconductors, the same design approach and
process methods should be practiced for high-power
resistors and terminations designed for long lifetimes.

Power

New designs and validation of current designs should be sub-
jected to thermal-analysis modeling (Figs. 3a and b) and become
part of the engineering design practice. Although thermal mod-
eling may not account for some mechanical variances, it can
provide a model that is relatively close to the real application. Sol-
der voids are the “invisible killer” for high-power components.
Solder voids can create a “thermal bottleneck” or an interruption
in the normal thermal conductivity of the resistive film, leading
to potentially catastrophic hot spots at high power levels.

A significant size void directly under a thin film can consider-
ably increase film temperature. The resultant heat flow depends
on lateral heat flow through the ceramic to an area where no
voids are present in order to dissipate the additional heat. This
creates higher thermal resistance and mechanical stress. The

Pulsed
3son
3soff
Resisfor-ﬁlm\temperah re
/
P
A N
Flange temperature
0 1 2 3 4 5 6

Time (minutes)

7. This diagram is a test profile for power/thermal cycling when evaluating a pas-

sive component.
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Minimal noise.

Introducing the ultra small, super
powerful low noise amplifier
EMD1725D, DC-40 GHz.
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Extending Product Lifetimes

mechanical stress and higher temperature could in fact induce
a fracture in the ceramic material, causing a catastrophic failure
shown in Fig. 4 as opposed to a normal heat flow shown in Fig. 5.

POWER TEST

film topology of the termination and its power-handling capabil-
ity for the intended maximum power levels of 250 W. During

this test, a component is subjected to full (dc) input power while
maintaining a flange temperature at +100°C (Table 1, again).
The test runs for 30 min. The temperature of the resistive film is

monitored (Fig. 6) to verify that the maximum operating-tem-

Power testing involves two phases. The first phase verifies the

real boards
realeasy
real fast

[pic
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perature boundary limits are not exceeded. If the resistive film
stays within the boundary range, and no damage is evident to the
film, power testing can proceed to the second phase.

During the second phase of power testing, the termination is

subjected to cyclic thermal and power
levels to determine if it can withstand
the stresses resulting from material CTE
mismatches. Figure 7 shows a typical
profile for this testing. The resistive-film
temperature is monitored for the dura-
tion of the test (Fig. I, again). At the con-
clusion of the test, the entire termina-
tion assembly is analyzed to ensure that
no failures have occurred.

Power-test cycling begins with a
device under test (DUT) at room tem-
perature (+25°C). Full input power
is then applied to the DUT and the
flange temperature is raised to +100°C
and maintained at that temperature.
Once the flange temperature stabilizes
at +100°C, the DUT is pulsed with 10
cycles of power-on, power-off operation.
This pulsing consists of full power on
for 3 s and then zero power for 3 s. After
10 cycles of pulsing, the power to the
DUT is turned off and the DUT is cooled
down to +25°C. This process is repeated
300 times (Fig. 7, again).

Subsequently, each DUT is examined
for any permanent change in resistance
or damage to the part. A permanent
change in resistance indicates the part
is at risk in terms of reliability over its
design lifetime. Such power testing is
conducted on multiple samples to
achieve reasonable confidence in the
accuracy of the test data; the data estab-
lishes the reliability of a tested part.

Editor’s Note: The author has been
involved in the development of new
product lines of attenuators, resistors,
and terminations based on the design
methodologies presented here, with
enhanced reliability for all commercial
and hi-rel applications. The new product
lines will be available in the June 2016
timeframe. I
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Design Feature
CHRIS DeMARTINO | Technology Editor

Part 2:

What are the Differences Between

COAXIAL
CONNECTORSY

A wide array of coaxial connectors is available from a large number of suppliers to

satisfy high-frequency requirements.

his two-part series examines the coaxial connec-
tor, which is an often overlooked—but nonetheless
vital—aspect of an RF/microwave application.
Part 1, which provided a general overview of con-
nectors, discussed important parameters and terminology. In
Part 2, we'll continue by describing various types of coaxial con-
nectors that are commonly used for RF/microwave applications.

TYPE-N AND 7/16 DIN CONNECTORS

As stated in Part 1, the Type-N connector was introduced in
1942. Still commonly used today, this connector, which employs
threaded coupling, is known for its durability. Standard Type-N
connectors perform to 11 GHz, while versions that perform to
18 GHz are offered by some connector suppliers. Furthermore,
both 50- and 75-Q versions are available. Type-N connectors are
covered by the MIL-C-39012 specification.

The 7/16 DIN connector derives its name from its dimen-
sions; the diameter of its inner conductor contact is 7 mm
and the internal diameter of its outer conductor is 16 mm.
These connectors are known for their superior return loss and
intermodulation-distortion (IMD) characteristics. The 7/16
DIN connector can cover a frequency range of dc to 7.5 GHz.

THE SMA CONNECTOR AND ITS MATES:
3.5- AND 2.92-mm CONNECTORS

The SMA connector is widely used throughout the RF/micro-
wave industry (Fig.1). It originated in the late 1950s when James
Cheal of Bendix Research Laboratories designed the Bendix
real miniature (BRM) connector. The development of the BRM
connector continued, leading to its incorporation into MIL-
C-39012 in 1968. The connector was then designated the Sub-
Miniature A, or SMA, connector.

GO TO MWRF.COM

1. The SMA connector is one of the most common connector types
used for RF/microwave applications.

Like the Type-N connector, the SMA connector—which has
an impedance of 50 Q—employs threaded coupling. Originally
intended to be used with 0.141-in.-diameter semi-rigid coaxial
cables, the SMA connector’s usage was later extended to flexible
cables as well. As mentioned in Part 1, SMA connectors employ
asolid dielectric.

Furthermore, while standard SMA connectors operate from
dc to 18 GHz, some suppliers provide versions that can perform
to 26.5 GHz. Although they are common and inexpensive, SMA
connectors have their limitations—they are rated for a very lim-
ited number of connection cycles.

The SMA connector is mechanically compatible with two
other connector types: 3.5- and 2.92-mm connectors. Both
employ an air dielectric and can perform at higher frequencies
than their SMA counterpart. They are named in accordance
with the inside diameter of their respective outer conductors.

The 3.5-mm connector, which can achieve mode-free per-
formance to 34 GHz, first appeared in the 1970s. The connec-
tor was primarily developed at Hewlett-Packard (HP) and lat-
er manufactured by Amphenol. These connectors are known
for their durability, as they were designed to allow thousands
of repeatable connections.
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Distinguishing Connectors

Introduced by Wiltron (now Anrit-
su) as the Type-K connector in 1983,
2. The 2.92-mm con- the 2.92-mm connector is available
nectors can be used at today from a wide range of suppliers
(Fig. 2). These connectors can be used

at higher frequencies than 3.5-mm

frequencies as high as
40 GHz.

connectors, as they offer performance
to 40 GHz. Measurement systems and
high-performance components, for

example, sometimes implement 2.92-
mm connectors.

HIGHER-FREQUENCY
CONNECTORS: 2.4-, 1.85-,

AND 1.0-mm
Build It visually build a cable assembly Ezen higheféffquncﬁ I;erm‘zaf;‘*
See It get a specification instantly can be achievec oy 275 18 A
. . mm connectors. Like 3.5- and 2.92-mm
Buy It online using eCommerce

Even higher-
Get Started at koaxis.com frequency
performance can be
achieved by 2.4-, 1.85-,
and 1.0-mm connec-
tors. Like 3.5- and
2.92-mm connectors,

| | they employ an air
Ref Plane i ~siimm Ref Plane . T
dielectric.
SMA 4| 047 dia (KF047) K-Flex™ 047 + | SMPGPO®)
Bulkhead Jack (1 0 ; inches 4 | Right-angle Plug ()
connectors, they employ an air dielec-
26.5 GHz C No Feature(s) Avallable K . .
tric. They also derive their names from
180 : the inside diameter of their respective
Custom Marking? (Default=No) | Printed IL & VSWR Data? (Default=No) & | Delay-matched = 1 ps outer conductors.

The 2.4-mm connector, which
was developed in the mid-1980s,
can achieve performance to 50 GHz.
These connectors have a thick outer
wall, thus making them less frail than
SMA and 2.92-mm connectors. At
first glance, it may be difficult to distin-
guish a 2.4-mm connector from a 2.92-

mm connector. However, should one

attempt to connect a 2.4-mm connector
to an SMA connector, the difference

!! l! =
will be very clear—the two connec-

Made in the USA +1 (610) 222-0154 tor types will not mate. Therefore, an
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appropriate adapter is needed to connect a 2.4-mm connector
to either an SMA, 3.5-mm, or 2.92-mm connector.

In addition, the 1.85-mm connector can achieve mode-
free performance to 65 GHz. HP initially developed the
connector in the mid-1980s. The company then offered its
design as public domain in 1988 for the purpose of standard-
izing connector types. The 1.85-mm connectors can be mated
with 2.4-mm connectors, but not with SMA, 3.5-mm, and
2.92-mm connectors.

To summarize, a wide range of coaxial connectors are avail-
able to satisfy the demands of today’s high-frequency applica-
tions. This series discussed some of the commonly used con-
nectors, but additional types exist that were not mentioned.
Although connectors may seem mundane, they are crucial
for any application. Thus, it is important to understand the
basics of coaxial connectors and the many options that are
available today. [l

Furthermore, millimeter-wave appli-
cations can take advantage of the 1.0-
mm connector. This connector, which
was also developed by HP, can achieve
performance to 110 GHz. Probe stations
are an example of an application that uti-
lizes 1.0-mm connectors.

NOT FORGOTTEN—
BNC AND TNC CONNECTORS

The widely used BNC connector
has a typical frequency range of dc to 4
GHz (Fig. 3). Commonly used for test-
and-measurement equipment, the BNC
connector, which employs the bayonet-
coupling technique, is offered with an
impedance of either 50 or 75 Q). Female
connectors have two bayonet lugs and can
be connected to male connectors with
just a %-turn of the coupling nut. Unfor-
tunately, BNC connectors are not usable
above 4 GHz because they are prone to
radiation at those frequencies. BNC con-
nectors are covered by MIL-C-39012.

The TNC connector is a threaded
version of the BNC connector, offering
higher-frequency performance than its
BNC counterpart. These connectors are
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typically rated to 11 GHz. Like the BNC
connector, the TNC connector is cov-
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Application Notes

FIFTH-GENERATION (5G) NETWORKS are expected to require
wider bandwidths and higher frequencies. As a result, char-
acterizing power amplifiers (PAs) and other components will
become even more complicated. To measure these devices, a
wide-bandwidth vector network analyzer (VNA) measurement
approach can be utilized. In the white paper, “Millimeter-wave

VECTOR NETWORK ANALYZERS
ARM THEMSELVES FOR NEW CHALLENGES

bility to ratio helps with stability and accurate power delivery. In
addition, the VNA's normal low-level sweep capabilities can help
with measurement speed.

The white paper discusses a measurement setup based on
the MS464XB VNA equipped with several options. Modulated
signals can be generated by using an external modulated

VNA characterization using modulated signals,”
Anritsu discusses how a VNA-based measurement
platform can benefit higher-frequency PA measure-
ments for 5G and related applications.
Characterizing PAs for future 5G applications will
be extremely vital. However, accomplishing this will

Anritsu Corp.,
490 Jarvis Dr.,
Morgan Hill, CA

95037-2809;
(408) 778-2000;
www.anritsu.com

source alongside the VNA. By using either the inter-
nal VNA source or an external synthesizer as a lo-
cal-oscillator (LO), the output of the external source
is then upconverted to the desired frequency. The
document also discusses calibration, which can
significantly impact measurement accuracy.

be more challenging for a number of reasons. For

example, measurement stability and repeatability can be more
difficult as a result of higher carrier frequencies. And wider
bandwidths and higher frequencies tend to mean lower return
losses, which can affect measurement accuracy. The white pa-
per discusses other challenges, as well as PA parameters that
play an important role when it comes to wider bandwidths. A
wide-intermediate-frequency (wide-IF) VNA platform is one ap-
proach to solving these challenges, as it has intrinsic match
characterization and correction capabilities. Its inherent capa-

Several example measurements and scenarios
are demonstrated. The first example presents output power
measurements of an amplifier supplied with a 60-MHz band-
width signal. Measurements were performed with both a VNA
match correction and a normalization calibration. Another
example demonstrated phase-deviation measurements for a
60-GHz amplifier with both VNA and normalization calibration.
AM/AM and AM/PM measurements of an amplifier at 40-GHz
are also presented for both continuous-wave (CW) and modu-
lated waveforms.

DISCERN BETWEEN WIRELESS MODULES FOR |oT APPLICATIONS

ANY FACTORS MUST be
taken into account when

developing an Internet of
Things (IoT) hardware solution. Wireless
embedded modules have simplified the
development of IoT hardware. However,
one still must consider many factors when
selecting such a module for an IoT devel-
opment project. In the tutorial, “Selecting
the Right Wireless Module,” Tektronix
discusses some of the important aspects
that are associated with selecting a wire-
less module for an IoT application.

The tutorial discusses several different
approaches to IoT hardware development.
One option is to utilize a chip-design so-
lution, which is a development approach
that begins with components like wire-
less transceiver and microcontroller unit
(MCU) chips. A system-on-a-chip (SoC)
design solution is another option, as this
approach allows development teams to

64

utilize SoCs that can integrate wireless
transceivers and MCUs. Yet another ap-
proach is to take advantage of an embed-
ded module solution, which is closer to
the final product. Embedded modules
are ready-to-use solutions that drastically
reduce the amount of hard-

the document discusses compliance re-
quirements, which must be considered
when selecting a wireless module. A list
of some of the current embedded mod-
ule vendors is also provided. When se-
lecting a module vendor, it is important

to consider additional

ware development work.
Choosing an embed-

ded wireless module also

means choosing a wireless

Tektronix Inc.,
14150 SW Karl Braun Dr.,
Beaverton, OR 97077;

(800) 833-9200;
www.tek.com

factors like quality and
long-term  availability,
among others.

The document con-

standard. These modules
are generally developed to follow stan-
dardized wireless protocols. IoT com-
munications can be enabled by a number
of wireless protocols, which include cel-
lular and wireless-local-area-networking
(WLAN) standards. Bluetooth technol-
ogy is another connectivity option, as
well as the IEEE 802.15.4 standard. Ad-
ditional standards for the IoT include
SIGFOX, LoRa, and more. Furthermore,

cludes by
design and pre-production test consid-

explaining

erations. To bring a high-performance
electronic device to market, it must be
tested in all development phases from de-
sign to production. Integrating a complete
device without performing the required
testing can lead to project delays. It is
therefore important to use an appropriate
set of hardware and software testing tools
for IoT devices.
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Directional/Bi-Directional

versatile, low-cost solutions include surface-mount
models down to 1 MHz, and highly evolved LTCC
designs as small as 0.12 x 0.06", with minimal insertion
loss and high directivity. Other SMT models are designed
for up to 100W RF power, and selected core-and-wire
models feature our exclusive Top Hat™ for faster,
more accurate pick-and-place.

5kHzt018 GHz up to 250W 1on 955((7&. 1000)

NO‘N" Looking for couplers or power taps? Mini-Circuits has
475 326" models in stock, and we’re adding even more! Our

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!
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Product Feature
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66

This single integrated circuit contains most of the
analog, digital, and mixed-signal components
needed for direct-conversion FDD and TDD

communications from 300 to 6000 MHz.

WIDEBAND COMMUNICATIONS TECHNOLOGY
is no longer a luxury—it’s become a necessity.
Because communications has moved beyond
voice to include video and massive amounts of
data on a regular basis, wireless communica-
tions technologies have evolved from “primitive”
first-generation analog cellular networks and
telephones to the current third-generation (3G)
and fourth-generation (4G) systems and beyond.
Now these technologies are homing in on wide-
band fifth-generation (5G) wireless networks
and a plethora of supported wireless devices.

Of course, wideband transmitters and receivers
are needed to support such networks, with per-
formance levels that can literally cut through the
noise of earlier systems. As integrated-circuit (IC)
technology would have it, one solution lies in hav-
ing multiple wideband transmitters and receivers
on a single chip, the highly integrated RadioVerse
AD9371 transceiver from Analog Devices. Packed
with performance, this impressive device provides
a frequency range from 300 MHz to 6 GHz and
wide bandwidths of 100 MHz to enable the next
generation of wireless communications.

The AD9371 direct-conversion transceiver IC
(Fig. 1) integrates almost all of the components
needed for a high-performance radio solution,
with two independent transmitter paths and two
independent receiver paths (Fig. 2). The differen-
tial transmitters and receivers are programmable
and support frequency-division-duplex (FDD)
and time-division-duplex (TDD) operation in
3G, 4G, and one day, 5G wireless systems.

In addition, the AD9371 includes a two-input
observation receiver and a three-input sniffer

Radio IC Paves Way

receiver. The observation receiver operates much
like the main receivers, with two differential
inputs. The inputs share a common RF front-end
analog-to-digital converter (ADC) and baseband
circuitry, so that only one observation receiver
can be active at one time. The observation

receiver observes the power-amplifier
(PA) output for systems implementing
digital predistortion techniques to
improve PA efficiency.

The sniffer receiver
provides three differ-
ential input ports
that can be used
to monitor three
different frequency bands.
Each input is connected to an LNA
that feeds a single mixer. The maximum
channel bandwidth of the sniffer receiver is 20
MHz. All of the receivers tune across a 300- to
6000-MHz frequency range.

The IC doesn’t require an external local oscil-
lator (LO), since it contains multiple voltage-
controlled oscillators (VCOs), loop filters, and
three fractional-N phase-locked loops (PLLs). It
does require a stable, external low-phase-noise
differential clock operating between 10 and
320 MHz to generate the RF LO signals and all
internal converters, digital clocks, and interface
clocks. It also requires at least one external bypass
capacitor, but very little else.

This is not just an analog transceiver, how-
ever. It includes multiple ADCs and digital-to-
analog converters (DACs) in support of the ana-
log receiver and transmitter circuits, respectively.
The IC provides self-calibration for dc offset,
wideband dynamic quadrature error correction
(QEC), transmit LO leakage, and digital-signal-
processing functions like programmable FIR,
decimation, and interpolation filters. The IC is
backed by comprehensive software support and
robust algorithms to ensure outstanding linearity
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for Emerging Wireless Designs

across the wide bandwidths and the AD9371’s
total frequency range.

The transceiver uses API or Linux drivers to
communicate with a baseband processor via an
SPI port. It supports JESD204B for transferring
data at 6 Gb/s and, in spite of the massive func-
tionality of its multiple transmitters, receivers,
and digital hardware, consumes only about 5-W
power. That breaks down to about 2 W

1. The RadioVerse AD9371 transceiver provides mul-

tiple receivers and transmitters in support of direct-
conversion communications systems with differential
I and Q signals from 300 MHz to 6 GHz.

for the two receivers, 2 W for the transmitters,
and about 0.8 W for the observation receiver.

Of course, commercial communications is just
one possible application area for this device. With
its bandwidth and flexibility, it is a candidate for
military manpack and vehicular tactical radios,
in signal-intelligence and electronic-warfare sys-
tems, and for a host of different test instruments,
such as network and spectrum analyzers.

TRACING THE EVOLUTION

The two-receiver, two-transmitter concept is
not new. The AD9371 is actually an evolution of
the firm’s earlier model AD9361 transceiver IC

GO TO MWRF.COM

(see Microwaves & RF, May 2016, p. 45). The new
chip has a much higher level of integration and
a serious upgrade in performance in an attempt
to eliminate external components, simplify the
radio system, and ultimately deliver lower cost,
size, power, and development-time benefits.

Both transceivers employ direct-conversion
architectures, also known as homodyne radios.
In this approach, input RF signals to the receiver
are mixed with LO signals at the same frequency
to produce a signal at baseband or dc, also known
as a zero-IF receiver. By translating input signals
so low in frequency, filtering is simplified (by
means of lowpass filters in the AD9371) and the
baseband signals can then be efficiently con-
verted by on-chip ADCs (Fig. 2, again).

The many challenges with classic direct-con-
version approaches, such as LO leakage and I/Q
imbalance, have been overcome in the AD9371
through careful design and circuit layout, in addi-
tion to leveraging breakthrough error-correction
algorithms. Furthermore, very close attention
was paid to the placement of the RF ports, chip
layout, and laminate design to achieve isolation
between the two transmitters, and between either
transmitter or either receiver, of better than 60
dB when tested with LOs at 2.6 and 3.5 GHz.

PROBING THE PERFORMANCE

Taking a closer look at the AD9371’s various
sections, the two transmitters operate with sig-
nal bandwidths as wide as 100 MHz over a total
bandwidth of 300 to 6000 MHz. They are sup-
ported by a transmit synthesis bandwidth of 250
MHz and amplitude flatness of 0.5 dB across
that bandwidth when compensated by a pro-
grammable finite-impulse-response (FIR) filter.
For any 20-MHz bandwidth, the amplitude flat-
ness can be improved to £0.15 dB with the same
programmable FIR filter. The deviation from lin-
ear phase is 10 deg. across the transmit-synthesis
full 250-MHz bandwidth.
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The transmitters deliver a maximum output of +7 dBm at
2.6-GHz LO and as much as +6 dBm for a 3.5-GHz LO. Trans-
mit power can be controlled over a range of 0 to 42 dB with

0.05-dB resolution. The two transmitters are well isolated,

with 65 dB or more isolation between transmitters when mea-

sured for LOs at 2.6 and 3.5 GHz.

When tested using four UMTS carriers, the adjacent-chan-
nel leakage ratio (ACLR) is -64 dBc for a 2.6-GHz LO and -63
dBc for a 3.5-GHz LO. The in-band transmitter noise is 155
dB full scale (FS)/Hz. Image rejection is 65 dB for either of the
two LOs, while carrier leakage measures —-81 dBFS for either

LO. The third-order output intermodulation intercept point
(ITP3) is +27 dBm for the 2.6-GHz LO and +25 dBm for the

3.5-GHz LO.

The two main receivers operate at center frequencies from
300 to 6000 MHz with tunable instantaneous signal band-
widths from 5 to 100 MHz. They include a gain adjustment
range of 0 to 30 dB, which can be set in 0.5-dB steps. The maxi-
mum recommended input power is -14 dBm. The amplitude
ripple for any 100-MHz bandwidth is +0.5 dB, which reduces
to £0.2 dB for any 20-MHz bandwidth. Receive and image
rejection is 75 dB or better.

As with the transmitters, the receivers were characterized
with LOs of 2.6 and 3.5 GHz, and were found to have noise
figures of 14 and 15 dB, respectively, when operating with those
two LOs. The ITP3 is -22 dBm for the lower-frequency LO. The
second-order input intermodulation intercept point (IIP2) is
-65 dBm for either LO.

As noted earlier, one of the chief challenges

AD9371 in highly integrated RF designs involves achiev-
RXT+ | A ing good port-to-port isolation, but the separate
t . .
RX1- LPF ecg:ﬁ;'on' @ function blocks of the AD9371 are well isolated.
RX2+ .:‘.K ADC DC offset, 5 § The isolation between receiver 1 and transmitter
RX2— LPF QEC, Tuning, E 1 and receiver 2 and transmitter 2 is 68 dB for
{ ..K ADC RSS, Overload 7 the 2.6-GHz LO and 62 dB for the 3.5-GHz LO.
The isolation between receiver 2 and transmitter
RX_EXTLO+ (O erereEr RF 1 and receiver 1 and transmitter 2 is 70 dB for
R O synthesizer the 2.6-GHz LO and 62 dB for the 3.5-GHz LO.
X I
P The isolation between the receivers themselves
X1+ T | SPlport  FOSPl is 60 dB. The LO leakage is well controlled, with
R Tx2 S Ifi receiver LO leakage of -65 dBm for the 2.6-GHz
X2+ .‘..K DAC D(Iiozlgget @  LO and -62 dBm for the 3.5-GHz LO, both at
’ =<
TX2- LPF QEC, o) &  maximum input gain. The in-band spurious con-
- a . .
L ( Q.‘ DAC Tuning, {  tentreferenced to the RF inputis -95 dBm, also at
Interpolation - . .
maximum gain.
TX_EXTLO+ g::l O generaor RF N Performance levels of the observation and
TX_EXTLO- - synthesizer AS;L%C 5 = sniffer receivers are similar. They cover the same
e opTon AUXDAC % total bandwidth, with 250-MHz bandwidth for
LO generator — the observation receiver and 20-MHz bandwidth
RE \ / z z for the sniffer receiver.
synthesizer Clock 0 . The AD9371 transceiver IC is an evolution of
O O > hi B
Observation RX generator Y, the company’s highly regarded AD9361 trans
ORX1+ O—1—=N — (8_— B A ceiver, but in many ways, it also represents a revo-
ORX1-~ - | ¥ lution for wideband radio designers. It is a single
ORX2+ = 11t 2 chip, supplied in a 196-ball ball-grid-array (BGA)
ORX2- d _— chip-scale package (CSP) measuring 12 x 12 mm,
Decimation, . .
PFIR, that can handle all of the radio functions over a
SNRXA+ Sniffer RX LPF AGC, % bandwidth wide enough to serve many of today’s
SNRXA— o) — DCoffset, |y & . - : L
) | %= [ H Qe a wireless applications in the commercial, indus-
il , a
2’::;))((3*' [0 T Tuning, & trial, and military sectors. If ever there was a case
- — RSSI, « O .
SNRXCa = [ L Overload of “one .Chlp fits all,” it is the RadioVerse AD9371
SNRXC— é ‘ transceiver IC. Tl

2. This block diagram shows the different analog, digital, and mixed-signal compo-
nents that equip the RadioVerse AD9371 transceiver for direct-conversion communi-

cations from 300 to 6000 MHz.
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JON SCOGLIO |Engineering Manager, APl Technologies
www.apitech.com

High-Power Switched Filter
Banks Pose Design Challenges

For high-power switched filter banks, the power and voltage stresses of rapidly
switching at high power—along with achieving low insertion loss and high out-of-
band rejection—require novel strategies to support these emerging needs.

SWITCHED FILTER BANKS (SFBs) are traditionally found in RF
front ends or intermediate stages of sensitive receivers
for military and defense applications, as they
help reduce harmonic and spurious =
content which is critical to commu-
nications systems. Until recently,
high-power SFBs (Fig. 1) have been
limited to fixed locations or on
larger mobile platforms due to their
inherent large size.

Gallium-nitride (GaN) power amplifi-
ers (PAs) have reduced the size and weight
of high-power transmitters in the hun-
dreds of watts range. The demand for SFB
assemblies has thus followed suit. However,
the leap from traditional SFBs to high-power equivalents is not
straightforward, and many tradeoffs and design considerations
must be made in order to develop a suitable high-power SFB.

One application that has driven the early development of
high-power SFBs is communications band signal jamming
at VHF and UHF frequencies. These devices have predomi-
nantly been used to prevent communications band signals
to remotely triggered explosives and to deny cellular service
near secure governmental and military facilities. Ironically,
technology that has initially been leveraged to mitigate com-
munications may be a solution that enhances communications
in modern and future trending applications.

PRACTICAL JUSTIFICATIONS FOR HIGH-POWER SFBs
As communications band usage increases with the explo-
sion of the Internet of Things (IoT) and machine-to-machine
(M2M) devices, there may be greater commercial and indus-
trial sector demand for high-power amplification and switch-
ing technology that limits the spurious content in these bands.
A reason for this is that any additional harmonics or spurious
content could dramatically increase the interference and noise

70

B to nearby low-power IoT/M2M systems.
For example, the latest autonomous
~ (or connected) car may heavily rely
on a constant communication chan-
) nel to a common base station
and between other vehicles
1% for safe operation. In a world
with a densely packed web of
critical systems, cranking up the
transmitter power won’t be an option to
preserve reliable communications. Thus, the
high-power systems in heterogeneous
1. Assembly chassis ~ networks may require more stringent
for high power SFBs operational specifications.
must be designed to Another future application of high-
incorporate design power SFBs could be enabling high-
elements to optimize speed communications channels for
electrical, RF, and commercial and industrial drones.
thermal performance. ~ The adoption of unmanned aerial sys-
tems (UAS) technology is accelerat-
ing and may play a larger role in commercial and industrial
applications. The reliable control and communication with
these systems will require more agile and small payload radio
technology, possibly served by high-power SFBs coupled with

the latest high-power amplifiers (HPAs).

At API Technologies (www.apitech.com), high-power filter
bank solutions have been developed to filter the high-power
signals generated by PAs. There are several constraints that
must be considered when developing high-power SFB solu-
tions, which include the pass-band, applied power, reflected

power, switching speed, and the stop-band region (Fig. 2).

THE DIFFERENCES BETWEEN
HIGH-POWER AND LOW-POWER SFBs

High-power SFBs are generally judged by the same perfor-
mance parameters as lower-power SFBs: among them, size,
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weight, and cost. Electrical considerations, such as passband,
roll-off, insertion loss, and out-of-band rejection are also just
as significant in high-power SFBs. Achieving a lower inser-
tion loss and higher out-of-band rejection may require more
design effort for high-power SFBs, as heat dissipation from a
high insertion loss and attenuating high power harmonics are
often key considerations.

The main differentiations between low-power and high-pow-
er SFB requirements include high-power SFBs’ heat dissipation
characteristics and the high voltage handling needs. These two
factors of high-power operation induce greater voltage and ther-
mal stresses on the switch elements and components directly
in the signal chain. Additionally, higher voltages and power
increase the impact of nonlinearities in system components.
These factors demand a detailed analysis of each component’s
performance over a wide range of operational parameters.

HIGH-POWER SFB DESIGN CHALLENGES

The SFB is often considered a less-critical component
than an HPA system. However, an assembly that wasn’t
designed upfront with the considerations of the SFB may
lead to an underutilization of the amplifier module’s capabil-
ity or significant amounts of costly redesign. It is therefore
important to consider the high-power SFB as a critical item
in the assembly.

The physical demands by the latest applications also
encourage much lower size and weight and reduced cost
structure, without sacrificing functionality. This is hard
to achieve without optimizing the physical and electrical
design of the SFB section in an integrated assembly. The
power and thermal factors also form a trade-off with fre-
quency and bandwidth, as high-frequency RF signals tend to
generate greater thermal dissipation in signal chain compo-
nents in much smaller dimensions.

Additionally, high power, voltage, current, and thermal
stresses can exceed the maximum operating specifications for
many components not designed specifically for high-power
operation. A complete understanding of the signal charac-
teristics presented to the assembly establishes design require-
ments so that each component can be optimized to withstand
the various stresses associated with the applied power. For
example, various continuous and pulsed power conditions
can dramatically influence the thermal consideration and
transient voltage/current handling parameters of many signal
chain components.

Another electrical consideration is the increased harmonics
from nonlinear components whose harmonic products scale
with input power. The active switching elements—such as
PIN diode and FET switches—fall under this category, as does
any nonlinear driver and bias circuitry. Higher RF power also
leads to increased reverse bias voltages that can affect diodes,
drivers, resistors, and interconnect components. This in turn
increases the thermal stresses experienced by those compo-
nents. The switching speed is also limited by the power and
thermal stresses experienced during switching.

COMPONENT/DEVICE
LIMITATIONS AND CONSIDERATIONS

Every component and device in the signal chain of a high-
power SFB also brings limiting factors, parasitics, and design
challenges. For example, switches and inductors are critical
to design performance. For inductors, the ability to carry
high RF power requires an increase in wire thickness to mini-
mize thermal concerns from resistive losses. An increase
in wire diameter also increases the parasitic capacitances—
interwinding capacitance and shunt capacitance to nearby
grounds—and overall inductor size and inductance, which
ultimately limits the diversity of filter topologies and quality

factor of the filter stage.
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The switches in a high-power SFB
are burdened with the twin tasks of
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allowing and blocking hundreds of

watts of RF power without exceed-

ing power, voltage, current, and ther-

mal operating parameters. For these
reasons, it is generally infeasible to
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mance while enabling hot-switch-
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2. Both a flat passband with low insertion loss and steep drop off on high power SFB filters is
critical to enable the hundreds of watts of RF power that are passed and filtered by these devices.
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Specifically for PIN diode switch-
es in a high-power SFB, hot switch-

ing poses a hazard to itself and other
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3. The latest 3D CAD tools enable
more optimal component place-
ment and more compact designs

in a rapid design cycle.
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components and devices. During a
PIN diode on-state, the insertion loss
through the switch is very low; in the
off-state, the PIN diode has a very high
resistance and low leakage current.
However, while a PIN diode is switch-
ing, the impedance during the transi-
tional state can cause the switch to dis-
sipate the bulk of the applied power,
resulting in failure of the diode (Fig. 3).
Thermal energy induced during hot-
switching could also exceed the switch
materials’ operating parameters, leading
to accelerated aging or device failure.

THE BIG THERMAL CHALLENGE

Though understanding the magnitude
of RF energy converted to thermal energy
in a high-power signal chain is relatively
straightforward physics, managing the
thermal energy in such a way that pre-
vents device/component failure and
undesired operation is a far greater chal-
lenge. As sustained high temperatures can
influence performance, accelerate aging,
and even destroy components/devices,
appropriately designing and testing a
high-power SFB assembly can ensure lon-
gevity and proper operation, even under
environmental extremes. In many cases,
an assembly is tested under extreme tem-
perature conditions to determine whole
assembly survivability.

However, extreme temperatures
may not occur or affect each compo-
nent in an assembly in the same way.
These factors may require rigorous and
individual device and component test-
ing while thermal cycling to discover
failure modes and limitations. Under-
standably, this level of consideration
applies to applications where failure of
the assembly in the field is worth the
added upfront expense of such rigorous
performance analysis.

At API Technologies, to avoid fail-
ures from thermal breakdown, every
high-power design is examined with an
infrared camera while under worst-case
operational conditions to determine
which, if any, components are exceed-
ing their maximum operational tem-
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High-Power SFBs

peratures. Typically, if a component is within 15-20% of the
maximum operational temperature, they are examined more
closely and mitigation actions are taken. In some cases, the
company requires the part be tested 100% while being exam-
ined with the camera to ensure that those parts do not exceed
the operational temperature.

Other methods of optimizing a design with thermal con-
siderations include using 3D CAD models in both electro-
magnetic (EM) simulators and thermal simulators to pre-

dict areas of thermal concern early in the design phase.
With some details known about the high thermal stress areas

4. The placement and design parameters of each component in a high-power

SFB are critical for proper device behavior.

in the design, changes to the thermal management system
of the assembly can be successfully made in early stages of
the design cycle—where costs for modifications tend to be
less expensive.

Computer modeling and simulations have advanced sig-
nificantly in the past few years (Fig. 4). Nevertheless, these
design tools cannot replace an engineer’s design experience
and understanding of the complex interactions between sys-
tem components. Additionally, a trained eye is extremely valu-
able in interpreting the modeling and simulation data, then
converting that information into design solutions.

The complex design challenges associated with
providing reliable and high-performance filtering for
the latest high-power applications has brought about
many creative and unconventional solutions when
compared to a traditional SFB. Producing drop-in SFB
modules that leverage standard high volume assembly
methods is one approach to reducing the size, cost,
and manufacturing time of previous sophisticated
custom-made hardware. Future communications
technology trends—along with increased commer-
cial, industrial, and military demand for high-power
SFB technology—will continue to require design
and system engineers to push the boundaries of filter
assembly design. Il
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INP IC Technology Powers
Instruments Past 100 GHz

A second-generation InP HEMT process provides the speed, bandwidth, and high-voltage
characteristics needed for high-speed digital and millimeter-wave test instruments.

NEXT-GENERATION HIGH-SPEED DIGITAL INTERFACES are
quickly and dramatically changing the requirements for mil-
limeter-wave test-and-measurement instruments. For the
first time, millimeter-wave components and systems have the
potential to reach the masses, in such applications as fifth-
generation (5G) cellular communications systems, terabit-rate
coherent optical modulation communications, and systems
based on the upcoming IEEE P802.3bs 400G standard. All of
these applications will require test equipment at millimeter-
wave frequencies once considered more experimental than
practical, but requirements for bandwidth as faster data rates
are creating real needs for those higher frequencies.

Engineers working in these areas will need to test equip-
ment that supports operating frequencies above 60 GHz, data
rates faster than 32 Gbaud, and the capability to transmit and
receive multi-level coherent modulation formats in multiple-
input/multiple-output (MIMO) signaling technologies. The
performance of these test instruments is primarily set by the
characteristics of the analog front end, which encompasses
integrated circuits (ICs) that process analog signals between an
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1. The data points show beta versus normalized base sheet resistance
values for conventional and advanced base epitaxial design processes.
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instrument’s RF input connectors and its data converters.

Several years ago, Keysight Technologies took a fresh
approach to instrument front-ends by applying indium phos-
phide (InP) semiconductor technology.! ICs fabricated with
Keysight’s first-generation InP process now power many
instrument front-ends, including several of the company’s real-
time oscilloscopes.? Now, with the recent announcement of
next-generation real-time and equivalent-time oscilloscopes,?
ICs fabricated in Keysight’s second-generation InP process are
paving the way for high-performance instruments that reach
beyond 100 GHz.

EXPLORING InP TECHNOLOGY

Heterojunction bipolar transistors (HBTs) inherently achieve
high RF power levels and high gain per unit area, excellent cur-
rent gain and turn-on voltage uniformity, large transconduc-
tance, and low 1/f noise. The superior material properties of InP
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2. Cumulative failure percentage is shown versus extrapolated lifetime
for normal use conditions for about 1,300 HBTs. Stress conditions
included junction current, J; = 4 mA/um?, and junction temperature,
T; = +275°C. The results indicate less than 0.4% cumulative failures in

over 60 years of normal instrument life.
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(a)

3. This schematic diagram (left) and circuit artwork (right) show the
feedback amplifier.

yield HBT devices with very high speeds, low resistances, high
breakdown voltages, and semi-insulating substrates.

These beneficial properties enable the design of ICs for
measurement instruments with low noise and high dynam-
ic range beyond 100 GHz. For example, device and process
engineers at Keysight’s High Frequency Technology Center
have successfully scaled the existing InP process! by shrinking
lateral dimensions, applying advanced epitaxial design, and
optimizing dielectric materials and metallization. The second-
generation process achieves delay times on the order of 2 ps
and maximum frequency of oscillation (f,,,) approaching 600
GHz while maintaining breakdown voltages above 7 V for high
output voltage swings and current gain greater than 50 for
robust IC design.

Flexible layout options are available for designs that include
any combination of high-speed, low-noise, and low-power
attributes. This includes active- and passive-circuit elements
(such as HBTs, diodes, thin-film resistors, and capacitors),
enabling creation of digital, mixed-signal, and precision ana-
log ICs for next-generation test instruments. The 3-in.-wafer,
semiconductor fabrication process is well-suited for low devel-
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4. Measurements were made of the feedback amplifier’s S-parameter

performance.

The three major components of the HBT—emitter, base,
and collector—were all optimized. For the emitter and collec-
tor, doping and thicknesses were selected for the best balance
of device speed, series resistances, and high-voltage opera-
tion. For the base, the key tradeoff is between base resistance
(lower resistance enables higher speed) and current gain or
beta. A minimum value of beta is required for robust circuit
performance over the lifetime of the transistor. For Keysight
instrument device technology, the base epitaxial structure was
designed to accelerate electron flow through the base. This
approach allows higher beta for a given base sheet resistance
compared to more conventional base epitaxial designs (Fig. 1).

Excellent process control and reliability are essential for an
instrument-grade technology that will be used to support a
large number of IC and instrument designs. From the begin-
ning of development, the design team emphasized yield, man-
ufacturability, and reliability. To optimize process control,
relatively large numbers of lots and wafers were processed, and
extensive yield analysis was performed.

Processes were also optimized for achieving the best condi-
tions of wear-out, infant mortality, and interconnect electro-

opment costs and economical
fabrication of very-high-mix ICs

_1;_1;_

1;_

in low-to-moderate quantities.

HBT performance has been
optimized for instrument-specif-
ic requirements. HBT epitaxial
design is a key element in deter-
mining high device performance,
and several major tradeoffs must
be optimized to realize perfor-
mance goals. Two-dimensional
physical modeling was used to
understand process and circuit
tradeoffs to develop the best (a)
devices for test-and-measure-
ment instrument purposes.

76

5. This schematic diagram (left) and circuit artwork (right) show the differential limiting amplifier.
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Mini-Circuits’ New AVM-273HPK+ wideband microwave
MMIC amplifier supports applications from 13 to 26.5 GHz
with up to 0.5W output power, 13 dB gain, +1 dB gain
flathess and 58 dB isolation. The amplifier comes supplied
with a voltage sequencing and DC control module providing
reverse voltage protection in one tiny package to simplify your
circuit design. This model is an ideal buffer amplifier for P2P
radios, military EW and radar, DBS, VSAT and more!

The AVA-183A+ delivers 14 dB Gain with excellent gain flatness
(1.0 dB) from 5 to 18 GHz, 38 dB isolation, and 19 dBm
power handling. It is unconditionally stable and an ideal

50 MHz 1026.5 GHz

" PHA-1+
- 0.05-6GHz

Gain 13.5dB
Pout 22dBm

ea.{(qgty. 20)

AVA-183A+ $
5-18 GHz 6e9a.%zy 70)

Gain 14.0dB
Pout 19 dBm

New
AVM-273HPK+ Gep 2 90
13-26.5 GHz 36ea. (gty. 10)
Gain 13.0dB
Pout 27dBm

LO driver amplifier. internal DC blocks, bias tee, and
microwave coupling capacitor simplify external circuits,
minimizing your design time.

The PHA-1+ + uses E-PHEMT technology to offer ultra-high
dynamic range, low noise, and excellent IP3 performance,
making it ideal for LTE and TD-SCDMA. Good input and
output return loss across almost 7 octaves extend its use to
CATV, wireless LANs, and base station infrastructure.

We’ve got you covered! Visit minicircuits.com for full specs,
performance curves, and free datal These models are in stock
and ready to ship today! o RoHS compliant

FREE X-Parameters-Based fease o
Non-Linear Simulation Models for ADS R

http://www.modelithics.com/mvp/Mini-Circuits.asp
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InP Technology
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6. Measurements were made of the differential limiting amplifier’s rise

and fall times.

migration reliability. The result has yielded devices with excel-
lent instrument-grade reliability of less than 0.4% cumulative
failures in 60 years of instrument life (Fig. 2). In addition, spe-
cialized devices provide built-in electrostatic-discharge (ESD)
protection of more than 2 kV.

InP is a workhorse semiconductor process technology that
is ideally suited for a wide range of IC types and topologies,
ranging from simple passive multipliers and mixers to complex
differential pulse amplifiers and multimodulus prescalers.
InP diodes and transistors enable creation of ICs with extreme-
ly wide bandwidths, large signal swings, low noise, and low
dissipated power—all of which are key attributes of time-
domain and millimeter-wave-frequency test-and-measure-
ment instruments.

Two general-purpose ICs can be used as examples to high-
light the performance capabilities of this second-generation
InP HBT semiconductor process: a single-ended feedback
amplifier and a differential limiting amplifier. Both ICs have

7. This single-channel front end covers a frequency range of more than
dc to 100 GHz.

been designed in a full front-to-back design flow using the
Keysight EEsof Advanced Design System (ADS) electronic-
design-automation (EDA) software, with Keysight HBT tran-
sistor models validated to 110 GHz.

A feedback amplifier provides a simple but effective dem-
onstration of the useful frequency range of a semiconductor
process. The device consists of one or more interconnected
transistors that comprise a single gain stage surrounded by
two feedback resistors that set the amplifier gain and return
loss. At high frequencies, capacitances that are inside the
transistor reduce the transistor gain and ultimately define the
amplifier bandwidth.

Figure 3 shows a schematic diagram and artwork for a
recently fabricated feedback amplifier design. In this exam-
ple, the gain stage is implemented in a cascode Darlington
configuration that exhibits low input and output capaci-
tances to maximize bandwidth. Figure 4 shows the measured
small-signal S-parameters for this feedback amplifier. It
delivers more than 10 dB gain and 10 dB return loss across
a 90-GHz 3-dB bandwidth, making it a generic-but-versatile
gain block for millimeter-wave instruments.

(continued on p. 86)

microwavesarf DirectConnection
GX3442 - GaN Transistor

TB255 - Eval Amp
100W, 19dB, 48VDC, 30-512MHz

1

AVR-EB2A-B: +100 mA, <0.3ns, Condition A,

for low current diodes F
AVR-EB4-B: +2A/-4A, <4 5ns, Condition B, +2A

for medium current diodes
AVR-EB5-B:  +4A/-4A, <100ns, Condition B, <3ns

for PIN diode lifetime characterization Transition /_’—
AVR-EB7-B: +200mA, <2.5ns, Condition B,

for small-signal diodes
AVR-CC2-B: +BOA/-40A, setbyL, C, Condition C, 1 Addiv

for high power-diodes 4A 20 nsi/div
AVR-CD1-B: to +10A, 20-200 Alus, Condition D, AVR-EB4-B

for medium current and MOSFET
parasitic diodes
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Reverse Recovery Test Systems from AvTECH

Meet the family for MIL-STD-750-4 Method 4031.4 tests:

Pricing, datasheets, test results:

www.avtechpulse.com/semiconductor
Tel: 888-670-8729 Fax: 800-561-1970
info@avtechpulse.com
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$ 75 \“S\QC\\
ea. (qty-1-9)/DC fo18 GHz

Get the performance of semi-rigid 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!

from

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?

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!  ¢)RoHS compliant

SMA SMA Right Angle  SMA Bulkhead  SMP Right Angle Snap-On
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Product Feature
JACK BROWNE | Technical Contributor

Clocks Attenuate Jitter in
Coherent Opfical Systems

Using a combination of frequency-generation technologies, this pair of low-jitter clocks
provides the clean outputs needed to drive data converters in coherent optical transceivers.

BANDWIDTH IS ESSENTIAL to any communications
network, with the need for bandwidth growing
as more users communicate on worldwide net-
works. With voice, video, and data being moved
from place to place, the need for speed is driving
network operators to pursue faster, more efficient §
networks. In fact, once standards were established for
100-Gb/s (100G) Ethernet networks, the debate seem-
ingly began about requirements for a 400-Gb/s (400G)
Ethernet standard.

Such high data rates typically call for optical commu-
nications systems, and those systems require precise clocks
for timing and synchronization. To meet the needs of pres-
ent 100G and future 400G Ethernet in wireless infrastruc-
ture, data-center-interconnect (DCI), metro, and long-haul
networking equipment, Silicon Labs developed its Si534xH
coherent optical clock family.

Boasting output frequencies as high as 2.75 GHz, these
devices provide near jitter-free operation in support of coher-
ent optical-fiber communications networks. With unparal-
leled frequency flexibility and multiple outputs, these clocks
are candidates to replace much larger clock trees based on
high-frequency voltage-controlled surface-acoustic-wave
(SAW) oscillators (VCSOs) for such applications as data-
converter clocking in coherent optical transceivers.

Coherent optical communications has made a comeback, in
large part, due to advances in digital signal processing (DSP)
and field-programmable gate arrays (FPGAs), which provide
the digital processing capabilities for implementing advanced
modulation schemes such as quadrature phase shift keying
(QPSK) in broadband optical cables. Digital techniques can
also overcome the limitations of fiber chromatic dispersion
and polarization-mode dispersion that haunted earlier ver-
sions of chromatical optical communications systems.

For any broadband optical communications network, tim-
ing and synchronization are important functions, and the
Si534xH series of high-speed clocks minimizes phase noise
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and clock jitter to levels that permit reliable
100G network performance.

The Si534xH series of high-speed clocks
(Fig. 1) currently consists of two mod-
els: the two-input, two-output model
Si5342H and the two-input, four-

output model Si5344H. Both accept

inputs from 8 kHz to 750 MHz and
provide outputs to 2.75 GHz. Suitable
for transmit- or receive-side timing,
they achieve impressively low root-

mean-square (RMS) phase jitter of 50
fs for offsets from 1 to 40 MHz when
operated in high-frequency mode.

Both models are based on the firm’s
fourth-generation DSPLL technol-
ogy, which replaces discrete fixed-
frequency PLLs with an innovative,
frequency-flexible mixed-signal approach that combines a
low-phase-noise analog VCO with a digital phase detector
and DSP-intensive, all-digital loop filter. This architecture also
leverages SiLabs’ proven MultiSynth fractional-N frequency-
synthesis technology to generate a wide combination of output
frequencies with 0 ppm errors.

In addition to the high-frequency signals provided by the

1. The Si534xH series
of coherent optical

clocks accept inputs
from 8 kHz to 750 MHz
and provide outputs
to 2.75 GHz in high-
frequency mode.

DSPLL architecture (Fig. 2), both devices support lower-
frequency clock synthesis based on the firm’s MultiSynth tech-
nology, capable of generating any frequency to 712.5 MHz.
The typical phase jitter for these outputs is less than 150 fs
for offsets from 12 kHz to 20 MHz. Output ports for the two
devices can be configured for either of the operating modes.
These coherent optical clocks employ frequency multipli-
cation, fractional input dividers, and the internal DSPLL cir-
cuitry to produce low-phase-noise outputs from the provided
input signals. They can even switch between input clocks with-
out suffering hits, with input switching performed manually
or automatically with an internal state machine. The DSPLL
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circuitry can execute hitless switching between input
clocks, even for two input clocks that are as much as
+500 ppm apart in frequency.

The amount of input clock jitter attenuation is con-
trolled by the DSPLL loop bandwidth, with program-
mable loop bandwidths ranging from 0.1 Hz to 4 kHz.

INTO/
INTO

INT1/

Since narrowband PLLs typically trade off longer lock INT]

acquisition times for greater jitter filtering at lower
loop bandwidths, the Si534xH clocks offer a fast-lock
mode that enables the devices to quickly acquire lock
at a higher loop bandwidth and dynamically switch

XA|-||:||-|XB

~
J

A

to a lower loop bandwidth once PLL lock is achieved.

In addition to the DSPLL circuit, both coherent
optical clocks include MultiSynth dividers, capable of
generating output signals that are integers or fraction-
ally related multiples of the input signals for further

A

signal-generation flexibility.

The Si5344H and Si5342H clocks include a digi-
tally controlled oscillator (DCO) mode in which fast
update rates can be achieved, and where all outputs

are controlled simultaneously. This mode disables the
outer loop of the dual-loop DSPLL circuitry to achieve
updates that are essentially limited by the speed of the
serial bus interface.

Both devices offer clock outputs that are highly con-
figurable and can be programmed with specific voltage swings
and for compatibility with a wide range of digital waveform
standards. These include low-voltage positive emitter cou-
pled logic (LVPECL), low-voltage complementary metal oxide
semiconductor (LVCMOS), low-voltage differential signaling
(LVDS), current mode logic (CML), and high-speed current-
steering logic, although only LVPECL is available in the high-
frequency mode.

The two clocks feature fast warmup time, with typical startup
of 30 ms from power on to providing free-running output sig-
nals with stability based on an external reference oscillator. Both
the Si5342H and the Si5344H devices are designed to provide
precise frequency multiplication of supplied input signals and
work with a simple, low-cost fundamental mode crystal. Due
to the PLL design of these clocks, the best jitter performance is
obtained with a crystal reference source from 48 to 52 MHz. A
frequency-adjustment feature provides an adjustment range of
4200 ppm to correct for frequency offsets.

The devices offer multiple operating modes, including free-
run, lock-acquisition, locked, and holdover modes. In free-
run mode, the frequency accuracy of the output clock signals
depends on the frequency accuracy of the external crystal or
reference clock. The frequency accuracy of the output signals
will match the accuracy of the reference. When high accuracy is
needed in this operating mode, a high-stability oscillator, such as
a temperature-controlled crystal oscillator (TCXO), may be used.

In lock-acquisition mode, input signals are monitored for a

GO TO MWRF.COM
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2. This block diagram shows the basic components within each of the two
coherent optical clocks, and how different operating modes are achieved.

valid clock signal. After a selected input clock is validated, the
DSPLL will automatically start the lock-acquisition process. In
locked mode, the DSPLL generates output signals that are fre-
quency- and phase-locked to the selected input clock. Once this
is achieved, any input crystal-oscillator frequency drift will not
affect the accuracy of the output frequency.

These devices will enter holdover mode when the selected
input clock becomes invalid and a valid clock is not available
on the other input. At that point, the DSPLL uses an averaged
input-clock frequency as its holdover frequency to minimize
degradation of the output-clock phase and frequency. The hold-
over circuitry stores as much as 120 s of historical frequency data
while locked to a valid clock input, for use in holdover mode.

Both devices are programmed by means of a serial inter-
face—either a serial peripheral interface (SPI) or I°C interface.
The ICs contain on-board nonvolatile memory that is read
upon power-up, allowing the clocks to power up with a pre-
programmed frequency configuration, simplifying device
startup. They operate on core voltages of +1.8 and +3.3 V dc
and include independent output supply pins for voltages of
+3.3Vdc, +2.5V dc,and +1.8 V dc.

Users can work with the firm’s ClockBuilderPro software
to program either device or choose factory-preprogrammed
devices for known applications. Both clocks are built with lead-
free and RoHS-compliant manufacturing processes and are
designed for operating temperatures from —40 to +85°C. They
are both supplied in 7- x 7-mm, 44-lead QFN packages. Tl
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Product Feature

DAVID LEWICKI | Military Products Manager, RF Power
NXP Semiconductors

Broadband GaN Transistors
Power EW, Tactical Radios

These half-dozen new RF power transistors are extremely rugged and reliable,
with generous output-power levels over broad bandwidths—ideal for demanding

battlefield requirements.

ELECTRONIC WARFARE (EW) systems have commonly been
broadband, with operating frequencies extending well into the
millimeter-wave region and requiring components capable
of handling broad bandwidths—often under hostile oper-
ating conditions. In contrast, improvised
explosive devices (IEDs) make it neces-

sary for jammers to operate at much lower - A

frequencies, down to the high-frequency
(HF) range.

Military communication systems are
also operating over wider frequency ranges
for effective operation in diverse environ-
ments. To meet so many different require-
ments, NXP has expanded its portfolio
of broadband gallium nitride (GaN) RF
power transistors with six new driver and
output-stage devices for use at frequencies
from 1 to 3,000 MHz.

The new transistors are designed using GaN-on-SiC tech-
nology that provides high power density, along with rugged-
ness and very flat frequency response over wide bandwidths.
All six models are input-matched to optimize operating fre-
quency range, and can withstand VSWRs greater than 20:1
with 3-dB overdrive without degradation. All but one operate
from a +50-V dc supply, with the other requiring +28 V dc.
NXP’s proprietary low-thermal-resistance, over-molded plastic
packaging houses five of the transistors. To help designers,
application circuits are available in support of continuous-wave
(CW) circuits from 200 to 2,500 MHz.

Models MMRF5011NR5 and MMRF5013NR5 operate
between 1 and 3,000 MHz, delivering broadband RF output
power of 10 W CW and narrowband RF output power of 12 W
CW. The MMRF5011NRS5 is a +28-V dc device with high 60%
efficiency, while the MMRF5013NR5 operates from a +50-V
dc supply with 60% efficiency. The MMRF5013N is designed to
drive the MMRF5015NR5, an output-stage device that delivers
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The model MMRF5021HR5 GaN-on-SiC
RF power transistor delivers as much
as 250 W CW output power with 58%
efficiency from 1 to 2,700 MHz.

100 W CW broadband output power and 125 W CW narrow-
band output power across a total frequency range of 1 to 2,700
MHz with 64% efficiency.

The MMRF5019NR5 operates between 1 and 3,000 MHz
with RF output power of 20 W CW broad-
band and 25 W CW narrowband output

power and 66% efficiency. It is designed
/ to drive the MMRF5021HR5 output-stage
device, which operates between 1 and 2,700
MHz and is tailored for wideband applica-
tions, delivering 250 W CW with 58% effi-
ciency (see figure). Finally, mode]l MMREF-
5023NR5 also operates between 1 and 2,700
MHz, producing 50 W CW broadband and
63 W CW narrowband output power with
60% efficiency.

All of the devices have a broad frequency
range from HF to S-band, making it pos-
sible to reduce the number of RF power transistors required
for broadband amplifiers in EW systems and battlefield radios.
The result is a reduction in design complexity, as well as in the
bill of materials (BOM) for those systems.

Since the company increased its support of defense applica-
tions in 2013, it has expanded its range of RF power transistors
for EW and communications applications—as well as for HF,
VHE, UHE, and L-band radar; identify-friend-or-foe (IFF)
transponders; and avionics systems. In addition to GaN devic-
es, the firm offers more than 40 LDMOS transistors between
1 to 3,000 MHz, from low power levels to 1,500 W CW—
currently the highest RF output power available from a
single device over its operating frequency range of 1,030 to
1,090 MHz. The six new GaN transistors are either sampling or
in production. Tl

NXP SEMICONDUCTORS, 1300 North Alma School Road.,
Chandler, AZ 85224; www.nxp.com/RF
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AMVPLIFIERS

NOW
DC*to 12 GHz up to 1W Output Power  srom P4, 100

GVA amplifiers now offer more options and more capabilities
to support your needs. The new GVA-123+ provides ultra-
wideband performance with flat gain from 0.01 to 12 GHz, and
new model GVA-91+ delivers output power up to 1W with power
added efficiency up to 47%! These new MMIC amplifiers are
perfect solutions for many applications from cellular to satellite and
more! The GVA series now covers bands from DC to 12 GHz with

*Low frequency cut-off determined by coupling cap.
For GVA-60+, GVA-62+, GVA-63+, and GVA-123+ low cut off at 10 MHz.
For GVA-91+, low cut off at 869 MHz.

NOTE: GVA-62+ may be used as a replacement for RFMD SBB-40892
GVA-63+ may be used as a replacement for RFMD SBB-50892
See model datasheets for details

various combinations of gain, P1dB, IP3, and noise figure to fit your
application. Based on high-performance InGaP HBT technology,
these amplifiers are unconditionally stable and designed for a
single 5V supply in tiny SOT-89 packages. All models are in stock
for immediate delivery! Visit minicircuits.com for detailed specs,
performance data, export info, free X-parameters, and everything
you need to choose your GVA today! US patent 6,943,629

FREE X-Parameters-Based

Non-Linear Simulation Models for ADS :IE:EEE&ithics’

http://www.modelithics.com/mvp/Mini-Circuits.asp
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New Products

Low-Noise Amplifier

Gains 1 to 2 GHz

AMPLIFIERS WITH LOW NOISE figure
enable a receiver with sufficient
sensitivity fo capture low-level signals
within their frequency range. As a
candidate for broadband receivers
in the 1-to-2-GHz frequency range,
model PEC-53-12-10-15-SFF is a low-
noise amplifier (LNA) that combines
low noise figure of 0.7 dB with high
minimum gain of 53 dB to help
capture faint signals across that fre-
quency range. The amplifier features
gain flatness of +0.75 dB across the
1-GHz bandwidth.The unit provides
minimum of +16 dBm output power
at 1-dB compression. It exhibits input/
outfput of 1.50:1 and draws 450 mA
current from a voltage supply of +12
tfo +15V dc.The amplifier measures
2.405 x 0.66 x 0.20 in. and is supplied
with female SMA connectors. It is
designed for operating femperatures
from -55 to +85°C.

PLANAR MONOLITHICS INDUSTRIES INC.,

7311-F Grove Rd., Frederick, MD 21704;

(301) 662-5019, www.pmi-rf.com

VCO Tunes 2 to 4 GHz

Fixed Attenuators Cover DC to 6 GHz

THE N5405-XX SERIES OF FIXED ATTENUATORS operate
from DC fo 6 GHz and can be specified with affenuation
values of 1 fo 60 dB.They handle 5 W continuous input
power and as much as 250 W peak input power over the
full frequency range. Insertion loss is only 0.5 dB for attenu-
ation values to 20 dB and no more than 1.5 dB for aftenu-
ation values to 60 dB.The maximum VSWR is 1.15:1 from
DC to 4 GHz and 1.20:1 from 4 to 6 GHz.The rugged
attenuators are available with stainless-steel Type-N or
SMA male or female coaxial connectors.

ARRA INC., 15 Harold Court, Bay Shore, NY 11706-2296;

ARRA s/°
Mop 540
0832

(616) 231-8400, www. arra.com

Synthesizer Locks

to C-Band Frequency

MODEL RFS5900A-LF is a phase-
locked frequency synthesizer operat-
ing at 5.9 GHz with +2.5 ppm
stability. I is fully integrat-

ed with a voltage-
controlled
oscillator
(VCO), phase-
locked loop
(PLL), and 10-
MHz reference oscillator
in a package measuring 0.6 x

0.6 x 0.13 in.The synthesizer features
typical phase noise of -80 dBc/Hz
offset 1 kHz from the carrier, -85 dBc/
Hz offset 10 kHz from the carrier and
-103 dBc/Hz offset 100 kHz from the
carrier. It provides +3 dBm output

power with +2-dB flatness. Spectral
purity includes second harmonics of
-25 dBc and spurious suppression of
-65 dBc.The VCO draws 35 mA from
a +5-V dc supply while the PLL
draws 15 mA from a +3-V
dc supply.The
synthesizer, which
has an operat-
ing femperature
range of =30 to
+70°C, is available in
tape-and-reel packaging
for automated assembly manu-
facturing methods.
Z-COMMUNICATIONS INC.,
14118 Stowe Dr., Ste.
B, Poway, CA 92064;
(858) 621-2700,
www.zcomm.com

MODEL RFVC6405 is a voltage-controlled oscillator (VCO) from Qorvo
which is now available from stocking distributor REMW, Ltd. The oscillator
tfunes across the full octave band from 2 to 4 GHz with second harmon-
ics of =15 dBc or better and phase noise of -90 dBc/Hz offset 10 kHz
from the carrier.The VCO, which draws 25 mA current from a +5-V dc
supply, delivers 0 dBm oufput power across the full tuning range, using
tuning voltages from 0 fo 16V dc.The source is supplied in a castellated
package measuring 0.5 x 0.5 in. and usable over operatfing tempera-
tures from -40 to +85°C.

RFMW LTD., Qorvo Stocking Distributor, 188 Martinvale Ln., San Jose, CA
95119; (408) 414-1450, www.rfmw.com
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ideband
_ l TTE OMBINERS

4
Single Unit Coverage as Wide 052 ,0 2 6.5 G"Z Models fron\;$ 52%,;000)
THE WIDEST BANDWIDTH IN THE INDUSTRY IN A SINGLE MODEL!

Our new EP-series ultra-wideband MMIC splitter/combiners are perfect for wide-
band systems like defense and instrumentation that require full coverage in a single
component. These models deliver consistent performance across the whole

® Series coverage from 1.8 to 26.5 GHz

e

e
range, SO you can reduce component counts on your bill of materials by using one .

e

e

Power handling up to 2.5W

Insertion loss, 1.1dB typ.

Isolation, 20 dB typ.

Low phase and amplitude unbalance
DC passing up to 1.2A

part instead of many! They utilize GaAs IPD technology to achieve industry-leading
performance, high power handling capability and efficient heat dissipation in a tiny
4x4mm device size, giving you a new level of capability and the flexibility to use
them almost anywhere on your PCB! They’re available off the shelf, so place your
order on minicircuits.com today, and have them in hand as soon as tomorrow! MW Tiny size, 4x4 x1mm
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New Products

Amp Module Boosts Signals to 18 GHz

DESIGNED FOR HIGH EFFICIENCY (better than 14% dc-fo-RF
efficiency), model BME69188-50 is a broadband power-amplifier
(PA) module capable of 50-W output power from 6 to 18 GHz.
Based on gallium-nitride (GaN) active device technology. the
Class-AB linear PA module delivers 47-dB gain with +4-dB gain
flatness across the full frequency range.The input overdrive level is
+10 dBm.The maximum input/oufput VSWR is 2.0:1. Spectral purity

is excellent, with second harmonics of =15 dBc, third harmonics of

-25 dBc, and spurious levels of -60 dBc. Suitable for boosting signals in communications, electronic-warfare (EW),
and radar systems, the PA module features built-in test functions, including overtemperature, overcurrent, and
composite test capabilities. It runs on a +28-V dc supply and has a TTL-controlled enable/disable function with
1-us switching speed.The amplifier measures 6.56 x 3.50 x 0.84 in. and weighs 1.5 Ib. with field-replaceable female
SMA RF input and oufput connectors. It handles operating temperatures from -40 to +55°C.

COMTECH PST, 105 Baylis Rd., Melville, NY 11747
(631) 777-8900, www.comtechpst.com

InP Technology

(continued from p. 78)

A differential limiting amplifier offers an alternate dem-
onstration of the second-generation InP semiconductor
process—one that is particularly useful for time-domain
instruments that measure digital waveforms. In this ampli-
fier, multiple cascaded gain stages amplify an input signal,
saturating the output stage and producing a waveform with
two well-defined voltage levels and very fast transitions
between those levels.

The example shown in Fig. 5 contains three gain stages
implemented as Cherry-Hooper and cascode differential
amplifiers. Figure 6 shows a measured 500-mV output wave-
form for a 5-GHz input signal. With less than 4-ps rise and
fall times, this amplifier will find use in millimeter-wave
instruments requiring ultralow jitter.

At millimeter-wave frequencies, a critical element of sub-
system design is the monolithic-microwave-integrated-cir-
cuit (MMIC) package co-design. Maintaining MMIC per-
formance to the front panel or subsystem connector requires
thorough three-dimensional (3D) electromagnetic (EM)
modeling. In addition, thermal modeling and validation
helps ensure proper thermal management and reliable opera-
tion of components and circuits within a test instrument.

Finally, the large level of integration on a subsystem—
such as millimeter-wave, RE, analog, and digital circuitry
and their components—drives the need for a variety of
packaging technologies to address each requirement at the
optimal performance/cost point. Figure 7 shows an exam-
ple of a complete front-end assembly that combines pro-
prietary hybrid-on-printed-circuit-board (PCB) technol-
ogy, with precision thin- and thick-film components and
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surface-mount-technology (SMT) components assembled ina
compact 3- x 10-in. footprint.

Design validation and characterization are crucial and chal-
lenging to do at millimeter-wave frequencies. The ability to
extract and match more data to models often translates into
faster convergence on the desired performance in the next
MMIC design turn. For the complex circuits required in high-
speed-digital and millimeter-wave test equipment, the tests
range from frequency-domain S-parameter measurements to
measurements of differential S-parameters/compression/har-
monics combined with time-domain characterization.

Performance demands of next-generation high-speed digi-
tal interfaces are dramatically changing the requirements for
millimeter-wave test-and-measurement instruments. Engi-
neers working on technologies such as 400-Gb Ethernet, tera-
bit optical, and 5G communications will need test equipment
that meets next-generation requirements for higher speeds,
lower noise, lower power dissipation, and higher dynamic
range. ICs fabricated in Keysight’s second-generation InP
process are paving the way for high-performance instruments
that reach beyond 100 GHz. i

KEYSIGHT TECHNOLOGIES INC., 1400 Fountaingrove Pkwy.,
Santa Rosa, CA 95403; (707) 577-2663, www.keysight.com
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3. Press release, Keysight Technologies, Inc.: Keysight Technologies Announces
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Exceptional
Phase Noise Performance
Dielectric Resonator Oscillator

Patented
Technology
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Variable Altenuators
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LN Some models feature:
#t v Extremely flat

A g attenuation vs.
frequency response
¥ Constant phase
with £ attenuation.
The ultimate in
reliability, and
wear-free performance
... achieved with ARRA’s
non-contacting method
of attenuating.
Most units incorporate
ARRA’s proprietary
attenuating elements which give
o excellent stability over a wide

~  temperature range.
r

" Customerized to your requirements,
Call us, write or Fax your specs to 631-434-1116

... the last word in variable attenuators
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15 Harold Court, Bay Shore, N.Y. 11706 » 631-231-8400
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Don’t Settle for Average.

Demand Peak Performance.

The 55 Series USB Peak Power Sensor
“* Real-Time Power Measurements for Complex
Communications Signals

Others claim to have fast average measurements, but only
the 55 Series measures continuous and burst average
power faster than anyone in the industry. It adds wide-
band peak and crest factor measurements, allowing you
to see all aspects of your device’s performance. This USB
Sensor delivers results 100 times faster than conventional
meters and with its Real-Time Power Processing™
technology captures all glitches with 100ps resolution.

e 195 MHz Video Bandwidth
e 3nsrisetime

p—
(v remprm—— U —— 2 ——— e 100,000 measurements/sec
o ot Sequence CH1: 10 dB/div
ol VCent: -20.5 dBm e 100 MHz Sample Rate
e Multi-channel synchronized measurements

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

i VCent: -20.5 dBm

/b Wireless Telecom Group Boonton

Boonton Microlab Noisecom
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