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When it comes to power inductors,
we're spreading things a little thin

¢‘o¢‘o.s©®0000@°®@®
(actual height)

In fact, we ofter hundreds of low-profile options

under 1.2 mm high, so finding the perfect part is no tall order!

Let’s face it, thin is in. From smart phones 3300 pH and current ratings up to 20 Amps.
and wearables to all types of portable devices, Get the skinny on @S-

there is constant pressure to pack more per- all our low-profile power
formance into the thinnest package possible. inductors, including the
To help, we continue to expand our line new ultra-low loss XEL4012
of mini, low-profile power inductors with Series with low inductance values
footprints as small as 1.14 x 0.635 mm and that have been fully optimized for high
maximum heights as low as 0.50 mm! frequency applications over 5 MHz.
Select inductance values from 0.018 to Visit coilcraft.com/lowprofile today!

& coilrafidirect.com
@® @ No min order. Next day delivery.

WWW.COILCRAFT.COM
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Planar Monolithics Industries, Inc.
Ultra Broadband State-Of-The-Art
Digital Phase Shifters

PMI offers the highest quality phase shifters for industrial and military

Amplifiers — Solid State applications in the frequency range of 0.4 to 18 GHz. These models offer
Attenuators — Variable/ up to 360° phase shift with various options available.

Programmable Model: PS-400M2000M-360-8D

Couplers (Quadrature, http://www.pmi-rf.com/Products/phaseshift-biphasemod/phaseshifters/PS-400M2000M-360-8D.htm
180° & Directional)

Detectors — RF/Microwave Frequency 400 MHz to 2.0 GHz

DLVAs, ERDLVAs Phase Range 0-360°

& SDLVAs Insertion Loss 13.0 dB Max

8 Frequency Synthesizors [l i 1611 Mx

Filters & Switched Phase Vs Frequency | +15.0° Typ

Filter Banks Control 8-BIT TTL Compatible: o
Form, Fit, Functional DC-37P, Sub Miniature D Multi-Pin gzc\';:ﬁ:l::e- 5-0_1§§;ch@;-200 A
Products & Services Temperature -10°C fo +60 °C Operating Switching Speed: lrnlsa:l?rgd@S(;:?\:A

Frequency Discriminators

SllALE Model: PS-255-2G18G-8B-SFF

Integrate_d MIC/MMIC http://www.pmi-rf.com/Products/phaseshift-biphasemod/phaseshifters/PS-255-2G18G-8B-SFF.htm
Assemblies (IMAs)

IQ Vector Modulators Frequency 2.01018.0 GHz
Limiters — RF/Microwave Phase Range 0-255° Typ
Log Amplifiers Insertion Loss 18 dB Typ - Measured 12 dB

VD n b

i e

PHASE SHIFTER

Millimeter Wave VSWR 2.5:1 Typ. - Measured 1.9:1 EHASE SHIPTED

Components
(Up to 50 GHz) Amplitude Error +3.7 dB Typ. - Measured +3.6 dB

MODEL NO: P5-255-2G13G-88-SFF
SERIAL NO._PLIT426M527
QUTPUT &2

1 NPT

Miscellaneous Products Phase Flatness +37.0° Typ. - Measured +35.7°

Monopulse Comparators Control TTL Compatible: 15 Pin Sub-D (Male)

Multifunction Integrated
Assemblies (MIAs) Temperature

Fhase Shifters & Bi-Phase  RVRREIHEER T EICR NN )
http://www.pmi-rf.com/Products/phaseshift-biphasemod/phaseshifters/PS-2G18G-360-8D.htm

Package Size: 2.0”x2.1” x0.5”

_40 © o ; DC Voltage: +15VDC @ 121 mA
40 °C to +85°C Operatmg Switching Speed: Measured 200 ns

Power Dividers/Combiners

(Passive & Active) Frequency 2.0t0 18.0 GHz
Pulse Modulators (SPST) Phase Range 0-360° v >
Rack & Chassis Mount Insertion Loss 18.0 dB Typ - Measured 17.29 dB P
Products y SDRAL MO:PLIBAAS/ 1624
. VSWR 2.5:1 Max - M d 1.9:1
Receiver Front Ends ax - Measure
& Transceivers Phase Vs Frequency | +15° Typ. - Measured +15.39°
SDLVAs, ERDLVAs Control 8-BIT TTL Compatible: backade Size: 425" x 350" x 1.00"
. . . ckage dSize: . X 3. X 1.
& DLVAs DC-37P, Sub Miniature D Multi-Pin DC Voltage: “15VDC @ 76 mA
. . ) +15VDC @ 63 mA
hsnlggL?a?:)?’: Band Temperature -10°C to +60 °C Operatlng Switching Speed: Measured 410 ns
SMT & QFN Products m IEEE MTT—S Ime_mauonal Microwave Sympo_sium AUVSI's AUVSI XPONENTIAL 2017
Switch Matrices IVISS  sivasai ettt Q8 kponenriat e atey unson Convnton orer
. . s gt 017 May 8-11, 2017
Switched Filter Banks Booth #657
. ) www.xponential.org
Switches — Solid State West Coast Operation: East Coast Operation:
Systems — Fly Eye Radars 4921 Robert J. Mathews Pkwy, Suite 1 731.1-F Grove Road
El Dorado Hills, CA 95762 USA Frederick, MD 21704 USA
Threshold Detectors Tel: 916-542-1401, Fax: 916-265-2597 Tel: 301-662-5019, Fax: 301-662-1731

USB Products

sales@pmi-rf.com « www.pmi-rf.com

1ISO9001-2008 REGISTERED
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Higher. Wider. Faster.
Test solutions for 5.

The next major step beyond LTE/LTE-Advanced (4G) sets
challenging requirements. Rohde & Schwarz is a world
leader in all areas of RF and microwave test and measure-
ment equipment. As a technology expert, we have been
actively involved in mobile communications since the first
generation. We are committed to supporting the wireless
communications industry with the solutions needed to
investigate, develop and standardize 5G.

Check out our test solutions at www.rohde-schwarz.com/ad/5G
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ADVANCED SATCOM SOLUTIONS THAT
BOOST YOUR SIGNAL

narda@mrr;q

=BE Qe -cﬁ‘?g—q:f : ji

Controller

N

High-Performance, Advanced LNA and LNB Plate Assemblies

Flexibility, portability and dependability — L3 Narda-MITEQ’s low-noise plate assemblies have it all. Our
lightweight, high-performance and proven LNA/LNB designs are available in C- through Ka-Band. Offering
superior noise temperatures (110 °K maximum, 100 °K typical), these advanced designs allow the LNAs, LNBs
and power supplies to be hot swapped, making us the number one choice for systems on the go. From single
to redundant 1:1 and 1:2 plate assemblies, we outperform in the harshest conditions. And for maximum
flexibility, our plate assemblies can be configured with optional fiber-optic IFs to meet your most critical
signal requirements. So turn your signal over to L3 Narda-MITEQ - your best resource for innovative
SATCOM equipment.

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

Narda-MITEQ B0 Lat.com
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NI AWR DESIGN ENVIRONMENT

SIMPLY SMARTER

5G WIRELESS

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

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

Simply smarter 5G design.

Learn more at awrcorp.com/5g

VNATIONAL
’ INSTRUMENTS

©2017 National Instruments. Al ights reserved Visual System Simulator | 56/Wireless Communications Systems Design
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Fast Pulse Test Systems from Avtech

40 — 500 ps Rise Time

Pulse Generators and Laser Diode Drivers

Avtech offers over 500 standard models of high-speed pulse
generators, drivers, and amplifiers ideal for both R&D and
automated factory-floor testing. Some of our standard
models include:

AVR-E3-B: 500 ps rise time,
100 Volt pulser

AVRQ-5-B: Optocoupler CMTI

tests, >120 kV/us
t, =450 ps
AVO-8D3-B: 500 Amp, 50 Volt ; :
pulser f ________ — \X
AV-1010-B: General purpose S e R A S T T I
100V, 1 MHz ! 50 V/DIV.
pulser il | 5 ns/DIV
AVR-E3-B

AVO-9A-B: 200 ps tr, 200 mA
laser diode driver

AV-156F-B: 10 Amp current
pulser for airbag
initiator tests

Pricing, manuals, datasheets and test results at:
www.avtechpulse.com
AVTECH ELECTROSYSTEMS LTD.
Tel: +1-613-686-6675 Fax: +1-613-686-6679
info@avtechpulse.com

Avtech has pioneered the
design of subnanosecond rise
time pulse generators and
drivers and now offers over 60
models which provide 40-500 ps
rise times with 5 to 100 Volt
output amplitude and PRF to
200 MHz. These models are
ideal for testing high speed
semiconductors and opto-
electronics in both laboratory
and factory floor applications.
Customized models are also
available.

50 ps/DIV, 5VIDIV
Model AVP-3SA-C

And Model AVI-V-HV2A-B
provides a 100 Volt,
300 ps rise time output!

Pricing, manuals, datasheets and test results at:
www.avtechpulse.com
AVTECH ELECTROSYSTEMS LTD.
Tel: +1-613-686-6675 Fax: +1-613-686-6679
info@avtechpulse.com

Pulsed Laser Diode Drivers
from Avtech

Each of the 19 models in the
Avtech AVO-9 Series of pulsed

laser diode drivers includes a

replaceable output module with pre— ; ;
an ultra-high-speed socket, B T o
suitable for use with {1 ns/DIV- } .
sub-nanosecond pulses.

Models with maximum pulse

currents of 0.1A to 10A are ? iEaEE

available, with pulse widths _ VY :
from 400 ps to 1 us. ““Model AVO-9A-B

GPIB, RS-232, and Ethernet
control available.

Pricing, manuals, datasheets and test results at:
www.avtechpulse.com/laser
AVTECH ELECTROSYSTEMS LTD.
Tel: +1-613-686-6675 Fax: +1-613-686-6679
info@avtechpulse.com

100 to 1000 Volt Lab Pulse Generators

Avtech offers a full line of 100,
200, 500, 700 and 1000 Volt
user-friendly pulsers capable
of driving impedances of 50 Q
and higher. The AVR Series is
suitable for semiconductor and
laser diode characterization,
time-of-flight applications,
attenuator testing, and other
applications requiring 10, 20,
or 50 ns rise times, pulse
widths from 100 ns to 100 us,
and PRFs up to 100 kHz.
GPIB & RS-232 ports are
standard, VXI Ethernet is

optional.

Pricing, manuals, datasheets and test results at:
www.avtechpulse.com/medium
AVTECH ELECTROSYSTEMS LTD.

Tel: +1-613-686-6675 Fax: +1-613-686-6679
info@avtechpulse.com

200 V/DIV
400 ns/DIV
Model AVR-8A-B

See additional test results at:
http://www.avtechpulse.com/medium
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PIM Attenuators
- IP67/68

Power Divider/Combiner Dlrectlonal COupters Tower Top &D. A.s Equlpment
MIL-DTL-23971 Available 'MIL-DTL-15370 Available IP67/68, NEMA & EN50155

Public Safety Satcom, mmWave Aeronatutical/Space AMER, EMEA
Homeland Security & Military Transportation D.AS

50

MECA 5G Products & Equipment Millimeter-Wave

MECA Electronics designs and manufactures an extensive line of various mounting solutions. Since 1961 MECA Electronics
RF/Microwave Equipment and Components with industry leading (Microwave Equipment & Components of America) has served
performance including D.A.S. Equipment, Low PIM Products, the RF/Microwave industry with equipment and passive
supports 5G & Millimeter-Wave, Power Dividers & Combiners, components covering Hz to 40 GHz. MECA is a privately held
Directional & Hybrid Couplers, Fixed & Variable Attenuators, RF 1S09001:2008 Certified, global designer and manufacturer for
Terminations, Circulators/Isolators, DC Blocks & Bias Tees, Adapters  the communications industry with products manufactured in the
& Jumpers. Models available in industry common connector styles: United States of America We stock products so that you do not

N, SMA, 2.92mm, TNC, BNC, 7/16, 4.1/9.5 & 4.3/10.0 DIN as wellas  need to.
QMA, Reverse Polarity SMA, TNC and
Buy Online

Products in STOCK when you need them!

RFPaﬂsOnDemund com

/N \//
_MECJAAﬁEle
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The Truste\d\, dame in High

MACOM Chipset Solutions for Ka-Band Satellite Communication
Applications Including 3 W Power Amplifier (MAAP-011289)

IF GAINBLOCK  MIXER PRE-AMP DRIVER PA SPDT

> ’ > .‘ > > > .::
TX 29 - 30 GHz
MULTIPLIER vco

LO DRIVERS 4—“4—@

RX18 - 22 GHz
RPN —4—4—
LNA

IF GAIN BLOCK  MIXER GAIN BLOCK




Test & Measurement

Public & Military Radios
Satellite Communication
Industrial, Scientific & Medical

Civil & Defense Radar

Performance RF

Psat (dBm) and PAE (%)
LN N W W
v o v o v

o

Ka-Band 3 W Power Amplifier
Ideal for Satellite Communications
Psat (dBm) and PAE (%) vs Frequency (GHz)

28 28.5
Psat (dBm)
—A— PAE (%) @Psat

29 295
Frequency (GHz)

MAAP-011289

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

For over 65 years MACOM design and application experts
have driven RF, Microwave and millimeterwave innovation.
Our engineers are delivering a new generation of wideband,
high-performance MMICs for Test & Measurement,
SATCOM, A&D, Wired Broadband and ISM applications.

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

Only MACOM delivers:

> Design & Applications Expertise
> Proven Technical Support

> Superior Device Performance

> Scalable & Assured Supply

MACOM.

Partners from RF to Light

Learn more at:
www.macom.com/mmics
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Beware—the Microwave
May be Listening!

Tech Editor Jack Browne’s latest blog offers a tongue-in-cheek
response—but one grounded in microwave technology—to a
recent misquote in the media that quickly took on a life of its
own: Are our microwave ovens capable of spying on us?

http://mwrf.com/blog/beware-microwave-may-be-listening

Basics of Modulation and
Demodulation

Radio waves can carry audio, video, and digital information
over great distances by using changes in a carrier wave’s
amplitude, frequency, or phase to represent the information
being transmitted.

http://mwrf.com/systems/basics-modulation-and-
demodulation

Tiny Analyzers Scan
Millimeter-Wave Frequencies

Barely larger than many smartphones, this line of ultra-
portable spectrum analyzers doesn’t skimp on performance,
with models available for measurements to 110 GHz.

http://mwrf.com/test-measurement-analyzers/pocket-sized-
analyzers-scan-millimeter-wave-frequencies

join us online

10

Re\iérsing 29 Years of
Antenna Degradation

As mobile communication ramps up in complexity, smarter
antenna tuning could prove to be a game-changer in meeting
demands.

http://mwrf.com/passive-components/reversing-25-years-
antenna-degradation

twitter.com/MicrowavesRF  facebook.com/microwavesrf
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f/om$1 1 ‘Zg 20)
3x3mm MMIC

0.510 8GHz

fmm$739 (%g 1-9)

Rugged connectorized package
0.75x0.74 x 0.46"

LOW NOISE AMPLIFIERS

IN/OUT Termination Matched!

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

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

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

FEATURES:

* Low Noise Figure,1.3dB

e High Gain, 21dB

o Excellent Gain Flatness,=0.7dB T
 High IP3, +35 dBm

¢ High POUT, +23.2dBm

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

CHRIS DeMARTINO
Technical Editor

chris.demartino@penton.com

Test
EqQuipment
Gets Small

oday, we are clearly seeing a push toward better-performing products in

smaller sizes. To prove this, one need only look at how far cellular phones

have advanced over the years. Now, smartphones can do almost whatever
we want while still being able to fit inside our pockets. But high-performance in
small sizes doesn’t just apply to smartphones. For example, aerospace and defense
systems must yield to today’s size, weight, and power (SWaP) constraints.

The smaller-sized product trend also pertains to test-and-measurement equip-
ment, as can be proven by the num-
ber of portable test instruments now
on the market. Such instruments can
offer the performance needed in a
portable size—and at prices that are
usually lower than benchtop instru-
ments.

Specifically, one can take a look at
the current spectrum analyzer mar-
ket. The spectrum analyzer, which is obviously an essential part of any RF test lab,
has traditionally been a large benchtop instrument. When you think of a spectrum
analyzer, it is likely that you think of a large box that requires effort to move from
one location to another.

However, a number of suppliers are now offering portable spectrum analyzers,
which can be connected to a laptop or desktop computer via a USB port. In essence,
these analyzers can be held in a person’s hand—a stark contrast to a large benchtop
instrument. One simply needs a laptop or desktop computer to allow for the display
and appropriate user interfacing.

Last year, Tektronix introduced new portable spectrum analyzers, while Anritsu
introduced the portable MS2760A millimeter-wave spectrum analyzer earlier this
year. Other companies offering portable spectrum analyzers include Signal Hound
and Aaronia USA. The availability of portable spectrum analyzers doesn't mean that
traditional benchtop spectrum analyzers will disappear anytime soon, but it’s clear
that test-and-measurement equipment is adapting to the times. Emerging applica-
tions like 5G and the Internet of Things (IoT) require innovative solutions from
test-and-measurement suppliers. Perhaps tomorrow’s RF test labs will look much
different than they do today. Gl

HIGH POWER BROAD BAND

LIMITERS
0.5 - 12 GHz

2 40 WATT CW

.. Aiihiye

. Low Limiting Threshold (+6 dBm Typical)
. 40 Watt CW and 200 Watt Peak
(1 microsec) power handling capabiity
. Built-In DC Block @ input and output
. Hermetically Sealed Module
. Typical Recovery Time is less than 10
Microsec

Typical Performance @ + 25 Deg. C

JOIN US ONLINE  twitter.com/MicrowavesRF L;"
become a fan at facebook.com/MicrowavesRF n

GO TO MWRE.COM

FREQ. | MAXMUM | 0 ng“;.wmc;es
MODEL | RANGE | INSERTION | o | & uour
(GHz) | LOSS (dB) (dBm)
L30510P40B | 05-1.0 05 141 +21
[S0520P40B | 05-20 06 41 21
LS0540 P40B | 05-4.0 08 141 +21
LS0560 P40B | 05-60 13 51 21
1S05012P408 | 05-120 | 17 RE] 2
[S1020P40B | 10-20 06 41 21
[T51060 P408 | 1.0-6.0 2 51 2
[1S1012P40B | 1.0-120 7 71 21
[ TSZ040P408 | 20-40 07 41 70
i 20-60 13 151 +20
20-80 15 161 20
| 40-80 15 161 20
| LST012P40B [7.0-120 7 71 6
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POWER
SPLITTERS/
COMBINERS

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

\
“e\l‘l *
THE WIDEST BANDWIDTH IN THE INDUSTRY

IN A SINGLE MODEL!

EP2K1+ 2 to 26.5 GHz
EP2W1+ 0.5 to 9.5 GHz
EP2C+ 1.8t012.5 GHz

The industry’s largest selection includes THOUSANDS
of models from 2 kHz to 40 GHz, with upto 300W power
handling, in coaxial,flat-pack, surface mount and rack mount
housings for 50 and 752 systems.

From 2-way through 48-way designs, with 0°, 90°, or 180°
phase configurations, Mini-Gircuits’ power splitter/combiners offer a vast
selection of features and capabilities to meet your needs from high power
and low insertion loss to ultra-tiny LTCC units and much more.

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

you need to make a smart decision fast!

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

0 RoHS Compliant
Q Product availability is listed on our website.
u ] L} . ®
Mini-Circuits

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com 448 rev T
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Superior Stability
and Low Input Power
for Mobile and
Airborne Applications

Greenray Industries'new dual
compensated T1250 TCXO is
designed for applications that
require superior temperature
stability and low input power
performance in high vibration,
shock-sensitive environments.

G gy
Y

T1250
Features:

e Temp. Stability to +50ppb
over -40 to +85°C

e Acceleration sensitivity
to <7 x107%g

® Freq. Range: 10 - 50MHz
e +3.3 to +5.0VDC supply
® 9 x 14mm, SMT package

e Output: CMOS or
Clipped Sinewave

® Long term aging to
3ppm over 20 years

¢ EFC, incl. compensation
for EFC trim skew effects

e |deal for Instrumentation
& Mobile Communications

For more information
about Greenray’s full line
of high performance
oscillators, call us at
717-766-0223 or visit
greenrayindustries.com.

(Greeniray)

frequency control solutions
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CERTIFIED

OCTAVE BAND LOW NOISE AMPI.IFIER;

Model No. Freq (GHz)  Gain (d8) MIN  Noise Figure (@B) Power-out@pids  3rd Order (P VSWR
CA01-2110 0.51.0 2 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm 2.0:1
CA12-2110 1.0-2.0 30 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm 2.0:1
CA24-2111 2.04.0 29 1.1 MAX, 0.95TYP  +10 MIN +20dBm  2.0:1
CA48-2111 4.0-8.0 29 1.3MAX, TOTYP  +10 MIN +20dBm  2.0:1
(A812-3111 8.0-12.0 27 1.6 MAX T.4TYP  +10 MIN +20dBm  2.0:1
CA12184111  12.0-18.0 25 T9MAX 1.7TYP  +10 MIN +20dBm  2.0:1
(A1826-2110  18.0-26.5 32 3.0 MAX, 25TYP +10 MIN +20dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA0T-2111 0.4-0.5 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
(A23-3111 2.2-24 30 0.6 MAX, 0.45TYP  +10 MIN +20 dBm 2.0:1
(A23-3116 2.7-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20 dBm 2.0:1
CA34-2110 3.7-4.2 28 1.0 MAX, 0.5TYP  +10 MIN +20 dBm 2.0:1
CA56-3110 54-59 40 1.0 MAX, 0.5TYP  +10 MIN +20 dBm 2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0TYP  +10 MIN +20 dBm 2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2TYP  +10 MIN +20 dBm 2.0:1
(A13153110  13.75-15.4 25 1.6 MAX, 1.4TYP  +10 MIN +20 dBm 2.0:1
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0TYP  +33 MIN +41 dBm 2.0:1
(A34-6116 3.1-35 40 4.5 MAX, 3.5TYP  +35 MIN +43 dBm 2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0TYP ~ +30 MIN +40 dBm 2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5TYP  +30 MIN +40 dBm 2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0TYP  +33 MIN +41 dBm 2.0:1
CA12137110 12.2-13.25 28 6.0 MAX, 55TYP  +33 MIN +42 dBm 2.0:1
CA14157110  14.0-15.0 30 5.0 MAX, 40TYP  +30 MIN +40 dBm 2.0:1
(A1722-4110 17.0-22.0 25 3.5 MAX 2.8 TYP  +21 MIN +31 dBm 2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq GHz2)  Gain (@8) MIN  Noise Figure (@8)  Power -out @P1d8 3rd Order ICP VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN 0 dBm 2.0:1 =
CA0106-3111 0.1-6.0 28 1.9 Max, 1.5 TYP +10 MIN +20 dBm 2.0:1 —
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20 dBm 2.0:1 ——
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32 dBm 2.0:1 —
(A02-3112 0.52.0 36 4°5 MAX, 2.5 TYP +30 MIN +40 dBm 2.0:1 —
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20 dBm 2.0:1 '
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33 dBm 2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1 =
CA2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20 dBm 2.0:1 —
CA2184110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30 dBm 2.0:1 —
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq GHz  Input Dynamic Range  Output Power Range Psat  Power Flatness dB - VSWR E=
(LA24-4001 2.0-4.0 -28 to +10 dBm +7 fo +11 dBm +/-1.5MAX  2.0:1
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-1.5MAX  2.0:1 ==
(lA712-5001 7.0-12.4  -21to+10 dBm +14 t0 +19 dBm +/-1.5MAX  2.0:1
(lA618-1201 6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq GHz)  Gain (dB) MIN  Noise Figure (@)  Power-out@P148 Gain Attenuation Range VSWR
CA00T-251TA  0.025-0.150 21 5.0 MAX, 3. +12 30 dB MIN 2.0:1
CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, T.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A 13.75-15.4 25  2.2MAX 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A 15.0-18.0 30 3.0MAX, 2.0 TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq GHz  Gain (@8) MIN  Noise Figure dB  Power-out@pi8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211  0.04-0.15 24 3.5 MAX 2.2 TYP +13 MIN +23dBm  2.0:]
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:]
CA001-3113  0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0
(A002-3114  0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116  0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]
(A004-3112  0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing. A "
Visit our web site at www.ciaowireless.com for our complete product offering. wireless

Ciao Wireless, Inc. 4000 Via Pescador, (qmm:ill:l'oi CA 93012
Tel (805) 389-3224 Fax (805) 389-3629 sales@ciaowireless.com
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Feedback

MICROWAVE MADNESS

I greatly enjoy Microwaves ¢ RF mag-
azine, both the print and online versions,
and consider it the “industry standard”
publication in this field.

I was however, extremely disappointed
today to see a well-respected technical
journal fall into the same trap so many
other “industry” publications have: the

insertion of political ideology or com-
mentary into their articles and mailings.
For example, today I received this in my
inbox (emphasis mine):

“News reports of wiretapped phone
lines and microwave ovens used as lis-
tening devices suggest an uncomfort-
able level of paranoia in the executive
branch, not to mention a disquieting

Dual High Power
DirectionalCouplers

Frequency | Coupling | I.L. Loss Coupling Directivity | Input Power Model
Range (MHz) (dB) (dB) max. | Flatness max. | (dB) min. | (watts) max. | Number
2.0-32.0 50 +1 0.06 0.25 25 2500 C50-101
0.5-50 50 + 1 0.10 0.50 20 2000 C50-100
0.5-100 30 +1 0.30 0.50 25 200 C30-102
0.5-100 40 =1 0.20 0.30 20 200 C40-103
1.0-100 50 +1 0.20 1.00 20 500 C50-109
20.0-200 50 +1 0.20 0.75 20 500 C50-108
0.1-250 40 =1 0.40 0.50 20 250 C40-111
50-500 40 =1 0.20 1.00 20 500 C40-21
50-500 50 +1 0.20 1.00 20 500 C50-21
100-1000 40 =1 0.40 1.00 20 500 C40-20
500-1000 50 +1 0.20 0.50 20 500 C50-106
80-1000 40 =1 0.30 1.00 20 1000 C40-27
80-1000 50 + 1 0.30 1.00 20 1000 C50-27
80-1000 40 =1 0.30 1.00 20 1500 C40-31
80-1000 50+1 0.30 1.00 20 1500 C50-31

IN-OUT ports: Type N connectors standard, SMA connectors optional.
Coupled ports: SMA connectors standard. See website for details.

PULSAR

MICROWAVE CORPORATION

© www.pulsarmicrowave.com

48 Industrial West, Clifton, NJ 07012 ] Tel: 973-779-6262 - Fax: 973-779-2727 | sales@pulsarmicrowave.com
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disconnect from the realities of modern
RF/wireless technologies” (Editor’s note:
The complete blog is available at http://
mwrf.com/blog/beware-microwave-may-
be-listening.)

If Microwaves & RF wishes to run ar-
ticles addressing technical inaccuracies,
that’s always welcome, but it’s curious
that I don’t recall seeing any such articles

prior to the last presidential election.

Using subjective terms such as “un-
comfortable” and “disquieting” speaks
volumes to the author’s (and perhaps
the editors’) personal political views,
and the article as a whole seems more
intended to mock or belittle the current
administration than to provide use-
ful technical information...unless your
editorial board feels that career RF en-
gineers need reminding that a micro-
wave oven can’t (normally) be used as
an eavesdropping device.

I have greatly enjoyed many of Mr.
Browne’s technical articles over many
years, but am very disappointed to see
politics creeping into areas that should
remain (largely) apolitical. “P”
EDITOR'S NOTE

Thank you for your note and for be-
ing a reader. I have tried to maintain
the highest of standards for Microwaves
& RF over the years and I appreciate
your spending the time with us.

Regarding the “spying microwave
ovens,” I thought the whole episode of
paranoia about microwave ovens was
somewhat humorous and decided to
write a tongue-in-cheek editorial piece
as a commentary, but also to provide a
bit of tutorial education, such as what
would be required to make a microwave
oven a surveillance tool. As you noted,
this is not the usual type of editorial
piece found in Microwaves & RF, but
it was never my intention to make any
kind of political statement. I hope you
will forgive us and continue to look to
Microwaves ¢ RF for high-quality cov-
erage of the RF/microwave industry.

JACK BROWNE
TeECHNICAL CONTRIBUTOR

APRIL 2017 MICROWAVES & RF


http://mwrf.com/blog/beware-microwave-may-be-listening
http://mwrf.com/blog/beware-microwave-may-be-listening
http://mwrf.com/blog/beware-microwave-may-be-listening
http://www.pulsarmicrowave.com
mailto:sales@pulsarmicrowave.com

" Upgrade
Your Mixer

2GHz-14GHz,0dBm LO Drive

The LTC5549 microwave mixer upgrades your transmitter and receiver performance with a +22.8dBm IIP3 at 12GHz.
Its 0dBm LO drive and an on-chip frequency doubler eliminate the need for an external LO power amplifier and allow
use of commonly available low frequency PLL/synthesizers, reducing power consumption and solution costs — all in
a tiny 3mm x 2mm package that keeps your solution size small.

Demo Board WV Info & Free Samples

www.linear.com/product/LTC5549
1-800-4-LINEAR

e +22.8dBm IIP3 at 12GHz

0dBm LO Drive

¢ Upconversion or Downconversion
-30dBm LO Leakage

¢ Tiny 3mm x 2mm Package

AT, LT, LTC LTM, Linear Technology and the Linear logo are
registered trademarks of Analog Devices, Inc. All other trademarks
are the property of their respective owners.

NOW PART OF

ANALOG

L7 TECHNOI_OGY DEVICES

Find your local sales office: www.linear.com/contact



http://www.linear.com/product/LTC5549
http://www.linear.com/contact

HOW WYOMING IS TESTING
CONNECTED VEHICLES

on a Major Trucking Route

The highway is one of three locations that the Department
of Transportation is using to test vehicle-to-vehicle commu-
nications, in which cars broadcast their location, speed, and
other information so that other vehicles can warn drivers of
potential hazards. The National Highway Transportation and
Safety Administration says that V2V technology could reduce

80% of crashes that don't involve alcohol or drugs.
The U.S. DoT is spending $4.4 million to bootstrap Wyoming

B,

Commercial trucks will represent almost half the total number of
vehicles involved in Wyoming’s pilot on Interstate 80. (Image courtesy
of Thinkstock)

very year, severe wind on Wyoming’s Interstate 80

blows almost a hundred commercial trucks off the
roadswhile the highway’s penchant for thick fog and snow
storms contribute to thousands of accidents. Wyoming officials
say the incidents cause around half a billion dollars in annual
property damage.

Officials have imposed variable speed limits and closures to
light vehicles during extremely severe winds to curb highway
accidents. The state also requires all truck drivers to sign up
for an online program that lets them share updates on road
conditions from a tablet or smartphone, so that other drivers
might know what to expect.

But later this year, Wyoming’s transportation agency will
convert I-80 into a testing ground for wireless systems that let
vehicles talk to each other directly. State officials will retrofit
around 400 snow plows, commercial trucks, and patrol cars
with on-board units that can send weather updates and colli-
sion warnings to other nearby vehicles.

20

project’s on the 402-mile highway. It is also investing around $22
million in another pilot involving 8,000 New York City taxis and
buses, as well as $16 million to test V2V communications on a
reversible highway in downtown Tampa Bay, Fla.

But the Wyoming pilot is unique in that it will let cars chat
about severe weather, using sensors on snow plows, trucks,
and fleet vehicles to calculate local weather conditions. It also
stands out for focusing on a major commercial trucking route
instead of urban transportation: up to 8,000 freight vehicles
from 45 states drive on the I-80 every day.

“This is not just a Wyoming issue,” said Ali Ragan, a project
manager for the Wyoming Department of Transportation, at a
recent South by Southwest panel in Austin, Texas. “This isn’t
even a western United States issue. It really impacts drivers
from all over the country”

The pilot is an early test for safety technology based on dedi-
cated short-range communications, which will be required for
all new cars and light trucks by 2023 under a proposed federal
rule. Cars equipped with DSRC technology send and receive
standardized messages 10 times per second over a section of
wireless spectrum reserved for automobiles.

Wyoming officials will install 75 roadside units along the
highway to collect information from the 400 commercial
trucks, snow plows, and other vehicles in the pilot. The proj-
ect uses fewer vehicles than other pilots, but the technologies
that officials are already using to improve safety give it a
running start.

APRIL 2017 MICROWAVES & RF



Officials have embraced a National Center for Atmospheric
Research system that lets cars collect information from tem-
perature sensors and windshield wipers and share it over
cellular networks. The Pikalert system combines those data
with measurements from satellites, weather stations, and spe-
cialized sensors on fleet vehicles to create weather reports that
update every fifteen minutes.

The pilot cars in Wyoming will support safety features like
forward collision warning and distress signals for emergency
responders. When a trucK’s airbag goes off, for example, the on-
board unit will send a distress signal to a roadside unit. If none
are close by, then the truck will throw the message to a passing
truck, which will toss the message into the next roadside unit.

The pilot is not without its shortcomings. In their applica-
tion, Wyoming officials worried that spreading only 75 road
units over 402 miles of highway would make it difficult to
learn anything useful. Because DSRC only works over 1,000
meters, officials are placing the roadside units in places where
the most crashes happen, Ragan said.

Those shortcomings are why many wireless carriers and
chip makers argue that 5G cellular networks will be better
suited for V2V communications. When the final standard
is finished, 5G could send message over longer distances
and allow for more detailed data like video to be shared,
they say.

On the other hand, DSRC is potentially faster than cellular
networks because it allows cars to send messages and collision
warnings directly, without having to route them through a
cellular base station. Another potential advantage is that the
hardware can be installed in rural areas with little cellular
infrastructure.

But the cost still might be too high for states with shrinking
budgets. From that perspective, much is riding on the success
of the connected vehicle pilots, said Bob Frey, a project man-
ager at the Tampa Hillsborough Expressway Authority pilot,
who also participated in the SXSW panel.

“You have to convince agencies it’s worth spending money
on,” he said.

OBSERVING CLIMATE CHANGES from Space

GLOBAL WARMING AND other climate change effects have been a
concern for some time, and NASA has been studying the effects for
just as long—from outer space. The agency’s long-running (since
2002) Aqua satellite mission was initially developed as part of a
six-year, Earth observing system (EOS) for studying climate change.
The satellite, which has far exceeded its design expectations, has
six on-board instruments for collecting data about Earth’s water
cycle, including water evaporation from oceans, water vapor in the
atmosphere, ice movements, and soil moisture (see figure). The
satellite and its data-collecting instruments are expected to con-
tinue to operate through the early 2020s.

Among the on-board instruments still transmitting high-qual-
ity data are an atmospheric infrared sounder
(AIRS) and an advanced microwave sounding
unit (AMSU) for measuring the daily averaged
temperatures around Earth. The AMSU,
developed by NASA's Jet Propulsion Labora-
tories (JPL), is a passive 15-channel radiome-
ter that operates from 15 to 90 GHz. It makes
atmospheric temperature measurements from
Earth’s surface to as high as 40 km above
the surface.

The two other instruments still transmitting
atmospheric data are the moderate resolution
imaging spectroradiometer (MODIS) and Earth’s
radiant energy system (CERES) unit. The CERES
instrument was one of the highest-priority experi-
ments on NASA’'s EOS project. Managed by
NASA’s Langley Science Directorate and con-

GO TO MWRE.COM

ducted on several additional satellites, the CERES project mea-
sures both solar-reflected and Earth-emitted radiation from the top
of the atmosphere to Earth’s surface.

Data from CERES and from previous missions, such as NASA
Langley’s Earth Radiation Budget Experiment (ERBE), provide
insights into the role of clouds and the energy cycle in global climate
change. The MODIS instrument contributes to the data used in that
analysis.

This image from NASA’s Aqua satellite, which continues to gather
atmospheric data to study the effects of climate changes, shows

the area around Tunisia.

tent of
arch 9 Image
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Using advanced algorithms and synthetic vision technology, NASA’s Sonic
Boom Display project provides the means to show where the flight of a super-
sonic aircraft will result in sonic booms on the terrain below.

AVIONICS DISPLAY VISUALIZES Sonic Booms

SUPERSONIC AIRCRAFT HAVE |ong been known not just for their speed,
but also for the sound waves they produce at supersonic speeds. To

minimize or even mitigate the effects of
sonic books from supersonic aircraft,
NASA has been involved in a two-year-
long effort, the Sonic Boom Display proj-
ect (see figure), to enable pilots of such
aircraft to visualize any sonic booms they
might create. Using advanced algorithms
and synthetic vision technology (SVT),
NASA hopes to create quiet cockpits
in the supersonic aircraft of the future.
The results of a recent demonstration
show that they are heading in the right
direction.

NASA teamed with Rockwell Collins
at the NASA Armstrong Flight Research
Center for the recent demonstration.
The project was developed to help pilots
foresee how different flight plans would
result in more or less sonic-boom effects.
“Important to our progress in reducing
the sonic boom impact over land is to
have a predictive sonic boom display in
supersonic aircraft cockpits that ensures
our future quiet supersonic aircraft remain
below acceptable noise levels,” said Brett
Pauer, a subproject manager at NASA’s
Armstrong Flight Research Center. “We
have collaborated with avionics compa-
nies like Rockwell Collins to translate our
NASA algorithms into an integrated avion-
ics system that is tested and evaluated
by pilots.”

The project employs NASA's advanced
sonic-boom-display avionics algorithm
and a worldwide terrain database to pre-
dict where a sonic boom from an aircraft
will impact the ground. “As a result of this
research, we will be able to alleviate noise
concerns affiliated with supersonic travel
by giving pilots the ability to control boom
placement away from populated areas,”
explained John Borghese, vice president
of Rockwell Collins” Advanced Technology
Center. &
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RF SWITCH

MATRICES

DC to 18GH=z

{ SWITCH STATUS
INDICATOR LIGHTS

® Activated
® Non Activated

USB & Ethernet Control Options .. *405.

¢ 0.25 dB Insertion Loss e Extra-Long Switch Life e User-Friendly GUI and DLLs Included

e 85 dB Isolation Up to 100 Million Cycles™ e Compatible with Most Third Party Lab Softwaret
° 1.2 VSWR e Switch Cycle Counting Feature e Small size fits in your Laptop Case!

 up to 10W Power Handling with Automatic Calibration Alerts e Available from Stock

Visit minicircuits.com for detailed model specs, application notes, and more!
Place your order today for delivery as soon as tomorrow!

* Switches protected by US patents 5,272,458; 6,650,210; 6,414,577; 7,843,289; and additional patents pending.

T See data sheet for a full list of compatible software.
] - ] - ®
Mini-Circuits

www.minicircuits.com P.0O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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Broadest Selection of
In-Stock RF Switches

USB Controlled

Electromechanical

i

Surface Mount

* Coaxial, Waveguide and Surface Mount
options available

¢ SPST thru SP12T and Transfer
configurations

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

Fairview Microwave
W!

RF COMPONENTS ON DEMAND.
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News

MERCURY SYSTEMS BUYS DELTA MICROWAVE

for $40.5 Million

MERCURY SYSTEMS IS buying a suppli-
er of microwave components and sub-
assemblies with applications in everything
from satellite communications to missile
guidance systems. The company’s $40.5
million deal for Delta Microwave comes
after President Trump’s budget blueprint
for next year proposed a defense spend-
ing hike.

Mercury said that Delta’s power ampli-
fiers and filters will complement its wide
array of defense electronics, which it sells
in modular blocks for applications like
electronic warfare, radar systems, and
munitions. The company spend around
four times Delta’s 2016 revenue of $12.8
million.

“Delta Microwave is an excellent fit,”
said Mark Aslett, Mercury’s chief execu-
tive, in a statement. “Their strengths in
high-power, high-frequency active and
passive microwave components and
subassemblies —particularly in GaN solid-
state power amplifiers—are driving strong
backlog and growth.”

The deal’s timing could also be auspi-
cious. President Trump’s proposed budget

is seeking $639 million in defense spend-
ing next year, up $52 billion from this year.
That would reverse the trend of the Obama
administration, which made cuts to the
defense budget starting in 2011 after
spending increased sharply over the previ-
ous decade.

Delta has sold parts for Lockheed Mar-
tin’s F-35 and Boeing’s Rivet Joint aircraft,
as well as Raytheon’s guided Paveway
bombs and MALD decoy missiles. The
36-year-old Mercury has contributed to
over 300 military programs, according to
its website, including the Patriot missile
defense system and Predator drone.

The acquisition is Mercury’s third in the
last year. Those include a $300 million deal
for the embedded security, RF and Micro-
wave, and custom microelectronics busi-
nesses of Microsemi. The company also
recently bought military embedded com-
puting firm Creative Electronic Systems for
$38 million. M

The Patriot mi

le defense system is one
of many programs that Mercury has been

involved with. (Image courtesy of Raytheon)
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Greg Henderson

Vice President, RF and Microwave Business Unit, [
Analog Devices

Interview by CHRIS DeMARTINO, Technology Editor

DR. GREG HENDERSON, Vice President of the RF and Microwave
Business Unit of Analog Devices, has served in leadership roles in the
microwave, semiconductor, and wireless communications industry
for more than 20 years. Most recently, Henderson served as Vice

President of the RF and Microwave Business Unit of Hittite
Microwave Corp.—prior to its acquisition by Analog
Devices. Henderson earned a bachelor’s degree in
electrical engineering from Texas Tech University
and was granted a Ph.D. in electrical engineer-

ing from the Georgia Institute of Technology.
He holds seven patents in wireless commu- 17
nications and semiconductor technologies, |

and has published over 20 conference and ﬂ‘ ‘
journal papers. .

First, can you tell us a little about your role at Analog
Devices?

My role is Vice President of the RF and Microwave Busi-
ness Unit of Analog Devices. In this role, I am responsible
for the creation and execution of Analog Devices’ strategy for
the full suite of RF and microwave products and solutions.

How are some of the various semiconductor technologies
being utilized in terms of applications?

The complex mix of markets that we serve with RF
and microwave solutions requires flexibility and careful
consideration in terms of semiconductor and packaging
technologies. Performance, development costs, margins,
time-to-market, and integration levels all play a role in this
critical selection.

CMOS is the primary candidate in the very-highest-vol-

26

ume markets, such as automotive and consumer, that require
heavy digital and mixed-signal content to complement RF
and analog signal processing. Here, high development costs
due to design complexity and mask sets are justified by high
volumes and revenues, though margins need to be carefully
managed.

At the other extreme, for markets and applications that
require the absolute best performance, such as military, aero-
space, and instrumentation, broader technologies are essen-
tial. ADI leverages GaN/GaAs technologies for broadband
microwave and millimeter-wave amplifiers and mixers, and
SOI technology for low-loss, wideband, small-form-factor
switches. These target best-in-class performance and often
displace more exotic approaches, such as traveling-wave-
tube amplifiers and PIN switches, due to better reliability,
smaller size, and/or ease of use.
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SiGe BiCMOS offers an important balance of integra-
tion and performance when compared to CMOS and GaN/
GaAs for medium-volume applications such as cellular in-
frastructure, satellite communications, and military phased
arrays. The improved performance level of SiGe BiCMOS
can now address many microwave and millimeter-wave
signal chains that were formally implemented with discrete
components.

One topic that is not always discussed is packaging. What
are some of the more recent developments in regard to
packaging?

While ADI has expertise across a wide range of semicon-
ductor technologies, co-packaging of these different tech-
nologies is becoming the real differentiator. This approach
is not limited to semiconductor technologies, and includes
passives, antennas, and waveguide interfaces. Co-packaging
redefines system partitioning and enables a “best-of-all” ap-
proach in which system-on-chip (SoC) gives way to system-
in-package (SiP).

In the microwave and millimeter-wave arena, package
performance at the SiP and chip-scale levels is a signifi-
cant contributor to solution performance. At ADI, we are
extending these capabilities up through 100 GHz and can
now provide surface-mount, chip-scale package solutions
for products up through 70-80 GHz. Two such examples
are our DigiMMIC, which is a 77-GHz CMOS integrated
automotive radar solution, and our recently released dc-to-
30-GHz wideband switch.

In addition, we offer SiP solutions for complete signal-
chain integration in cellular infrastructure and point-to-
point radio. We recently released a complete E-band SiP
radio signal chain in a laminate-based, surface-mount
package complete with a waveguide launch embedded in the
package. These millimeter-wave markets now require small
footprint SiP solutions just like in automotive radar and 5G.

How can today’s existing bandwidth be used more effec-
tively?

All wireless communication modes (cellular, point-to-
point backhaul, satellite) are going through rapid data-rate
expansions to support modern demands such as streaming
services and virtual reality. With the scarcity of wireless
bandwidth, there is a growing need to maximize throughput
in a given channel.

Fundamentally, there are two methods to increase data
rates. The first is to move to higher-order modulation. The
point-to-point market has taken this to what may be the
maximum practical limit by supporting 4096 QAM modula-
tion in the latest-generation systems. These high-order
modulations require very low-phase-noise synthesizers and
extremely linear Tx/Rx chains.

GO TO MWRE.COM

The second approach is to maximize the use of the chan-
nel through multi-antenna systems, often referred to as
massive MIMO or phased-array solutions. Massive-MIMO
systems rely on the spatial diversity of the physical chan-
nel to increase overall system capacity by sending coded
data over a large array of antennas (up to 128 channels for
current cellular implementations). In phased-array applica-
tions, beamsteering technology concentrates and targets RF
energy in “beams” for individual users or groups of users.
This improves the link budget and allows multiple beams to
be sent with data to multiple users simultaneously.

Massive-MIMO and phased-array systems have a big
impact on semiconductor content, because they represent
a 10X-100X increase in the number of RF channels/radios
compared to more traditional alternatives. To address this
need, Analog Devices is developing solutions with much
higher levels of integration, mostly in SiGe and CMOS tech-
nologies. This allows us to support single-chip, multichannel
Tx and Rx solutions for next-generation massive-MIMO
and phased-array solutions—with channel counts of up to
16 antennas in a single chip.

You have gone on record saying that wireless sensing is a
rapidly emerging market. Can you tell us more about this
market and where you see it going?

Real-world sensing technology has been advancing
steadily, and it’s no surprise that, coupled with the Internet
of Things (IoT), the development of smarter sensing tech-
nology is required to further automate the smarter world in
which we live.

ADT’s new 24-GHz integrated solution is enabling a new
generation of non-contact sensors, which increasingly are
being used in mass-market applications such as automotive
ADAS, industrial sensing, and consumer products. These
wireless radar sensors provide real-time object detection
information such as object presence, movement, position, or
angle, as well as velocity and range from a few centimeters
up through several hundred meters from the sensor.

Until recently, radar sensors at gigahertz frequencies were
realized using complex and costly discrete solutions, which
limited their broad market adoption. ADI’s 24-GHz silicon
radar chipset provides a high-performance, small-size, low-
cost, easy-to-use solution for object detection and collision
avoidance. These sensors have a broad application base and
are being adopted in automotive safety systems, traffic-
monitoring controls, UAV collision avoidance, security
monitoring—even healthcare devices used for vital-signs
monitoring.

Radar sensors, compared to optical/vision or ultrasonic-
based sensors, provide accurate measurements over a
much longer range and wider field of view in very difficult
environments that might include dust, smoke, snow, fog,
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or poor lighting conditions. While radar technology is not a
panacea for all sensing requirements, it is being coupled with
other sensor technologies to create “sensor fusion” solutions
that are reliable, accurate, and robust.

It seems like no interview is complete without mentioning
5G. Can you tell us a little bit about some of the 5G-related
activity taking place at Analog Devices?

The possibility of new network topologies, use cases,
connectivity scenarios, and the associated technology chal-
lenges that we need to overcome—as an industry—is a very
exciting place for ADI. We have been making significant
investments in both sub-6-GHz and millimeter-wave 5G
components, and remain committed to the communications
infrastructure market.

In terms of our technology and products, we are in a very
strong position to offer customers a

Powerful Multipath/Link

complete 5G signal chain. ADI has
over a decade of leadership, experience,
and success from the digital interface
to the antenna. That means we extend

Emulator

Multipath Rayleigh & Rician Fading
Unmanned Arial Vehiclé (UAV) testing

Sophisticated Satellite link emulation

Mobile Comm’s on themeVve t&sting

Test solutions for ....

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

MUOS - mobile user objecﬁve system
JTRS /— Joint Tactical Radio System
IRIS

- Intéfnet routing in space

from bits all the way to microwave, and
now with 28-GHz and 39-GHz wave-
forms, even to millimeter-wave.

The technology expertise and manu-
facturing infrastructure that comes
from our long history in the commu-
nications market are proving vital in
the development of our 5G products.
We are also finding that we are able to
leverage our work in developing inte-
grated solutions for military phased-
array radar applications into solutions
for 5G. In emerging markets such as
5@, it is important to provide technol-
ogy leverage from other markets—and
ADI is making significant investments
in multi-antenna phased-array solu-
tions in the military, 5G, and satellite
communications markets.

Currently, we have available a com-
pelling selection of data converters,
up- and down-frequency converters,
PLL/VCOs, switches, and beamformer/
phase-shifter ICs that fit the full
range of 5G prototype designs. These
products enable our customers to build

high-performance, fully functional 5G

terminal and base-station systems.
We are actively participating in

our customer’s trial systems and

helping to create the ecosystem for

these next-generation solutions. We

continue to make investments in

RF Test Equipment for Wireless Communications

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

www.dbmcorp.com

each of these product areas, and will

] offer even higher-performance, more
al integrated baseband, RF, microwave,
and millimeter-wave products in the
coming years. We plan to be a big part
of the 5G revolution to come. fll
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DUAL or SINGLE LOOP
SYNTHESIZER & PLO MODULES

« Proprietary digital Integer and Fractional PLL technology

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

very low noise reference

« Parallel fixed band stepping or SPI interface synthesized up to

octave handwidths 0

« Reference input range 1 MHz to 1.5 GHz

« Dual RF output or reference sample output available i,
« +12 dBm standard output power +16 dBm available - SimERn
« Standard module size 2.25 X 2.25 X 0.5 Inches (LxWxH)

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

available
Applications: _
- SATCOM, RADAR, MICROWAVE RADIO X o e e

16 - 30 GHz with added x2 module < 1 height r g &e (B0

6.5GHz Phase noise

i W
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Frequency Offset

Talk To Us About Your Custom Requirements.
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PRECISION
ATTENUATORS

2Wio 100W

50W & 100W
models

NOWfrom DC UpfO 40 G"Z fr0m$29eg(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! (ORoHS complant
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[ JMini-Circuits
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1to 80O00MHz -45 to +20 dBm

Mini-Circuits’ smart RF power sensors turn aimost any Windows®
or Linux® based computer into a low-cost testing platform for all
kinds of RF components and systems. To give you even more
capabilities, our lineup now features models for high-sensitivity
measurement of CW, multi-tone and modulated signals at levels
as low as -45 dBm!

With 8 different models in stock offering USB and Ethernet
control options, 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 Frequency Dynamic Range Control Price $ ea.
Measurement MHz (dBm) Interface (Qty1-4)

NEW! PWR-6LRMS-RC True RMS 50 to 6000 -451t0 +10 USB &Ethernet  1595.00
NEW! PWR-6LGHS CW 50 to 6000 -4510 +10 USB 895.00
NE\N‘- PWR-6RMS-RC True RMS 50 to 6000 -351t0 +20 USB &Ethernet  1595.00
PWR-4RMS True RMS 50 to 4000 -35 to +20 USB 1169.00
PWR-2.5GHS-75 (75Q) CW 0.1t0 2500 -30to +20 USB 795.00
PWR-4GHS CW 0.009 to 4000 -30to +20 USB 795.00
PWR-6GHS CwW 1 to 6000 -30 to +20 USB 745.00
PWR-8GHS CW 1 to 8000 -30 to +20 USB 869.00
PWR-8GHS-RC CwW 1 to 8000 -30to +20 USB &Ethernet  969.00
PWR-8FS CW 1 to 8000 -30 to +20 USB 969.00

POWER SENSORS

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

i /%L-{ .c g =
“ W *27. 25 /ﬂ%
Inseﬂpmq
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I~ F aster
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°/45
from ea. qty. (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.

o RoHS compliant

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

(718) 934-4500 sales@minicircuits.com
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R&D Roundup

MINIATURE ANTENNA NOURISHES Body Area Networks

EARABLE SENSORS WILL one day instantly pro-

vide physicians with updates on their patients’

health conditions, even their up-to-the-moment
whereabouts. In support of that goal, a team of students at
Ohio University developed a BAN with heart-rate monitor
(HRM) and other sensors, such as a fall detector and temper-
ature monitor, integrated into a chest strap. The chest strap
includes a low-cost microcontroller to collect and organize
the data from the difference sensors also mounted within the
chest strap.

The HRM, temperature sensor, and fall detector use a
low-frequency data link at 5.5 kHz to communicate with the
microcontroller, which in turn makes the collected data avail-
able to a smartphone or other monitoring device by means of
2.4-GHz Bluetooth low energy (BLE) communications. The
choice of low-frequency 5.5 kHz data link results in less signal
attenuation through and around the body of the wearer, using
an inter-integrated-circuit (12C) bus to the microcontroller as
the HRM interface (HRMI).

The students designed the system and specified differ-
ent sensors and components for a prototype system as part
of an undergraduate project, a competition in the 2015
IEEE Antennas and Propagation Society Student Design

Contest. Since the wearable electronics must be portable and
battery-powered, the student designers were constrained in
their choice of sensor components, such as the fall detector
sensor. It is based on MEMS technology and powered by a
+3.3-V dc source and includes a three-axis accelerometer and
three-axis gyroscope. This sensor is capable of monitoring
changes in acceleration in three axes, taking constant samples
to determine when a wearer has experienced a fall by the rapid
changes in acceleration.

One of the challenges in completing the BAN design
was the development of a compact BLE antenna that could
be mounted in the chest strap and radiate outward from
the body with sufficient gain. After trying several antenna
configurations, an inset-fed patch antenna was developed
that was somewhat larger than an earlier planar-inverted-F
antenna (PIFA) design, but with good gain and radia-
tion characteristics. Antenna testing was performed at the
university’s own shielded anechoic chamber and the total cost
of parts and labor was tallied at just under $600.

See “Prize-Winning Ohio University Students Present
Their Work on an Antenna for Body Area Networks,” IEEE
Antennas & Propagation Magazine, Vol. 59, No. 1, February
2017, p. 116.

FINDING WAYS to Test Massive

ONE OF THE TECHNOLOGIES seen as a key for optimizing the spec-
tral efficiency of 5G networks is massive multiple-input, multiple-
output (MIMO) antenna arrays. But before 5G standards are es-
tablished and base stations are constructed, wireless network
operators must determine an effective way to perform over-the-air
(OTA) testing of massive MIMO base stations.

Testing massive MIMO arrays poses much more of a prob-
lem than the traditional characterization of an antenna’s radiation
pattern in an anechoic chamber. Massive MIMO arrays consist
of potentially hundreds of antennas in one location, such as a
base station, to manage the use of frequencies and time slots
for many simultaneous users. A great deal of theory has been
presented to this point on the design of massive MIMO systems,
but designing, building, and testing such arrays is another issue.

Traditional wireless base stations may have as many as eight
separate antennas, and these can be tested individually through
the cabled connection to signal generators and spectrum ana-
lyzers. The physical size of massive MIMO arrays, with typically
64 or 128 array elements, makes the challenge of performing
OTA testing daunting just in providing a test facility that can
accommodate the tens of wavelengths of propagated energy
that must be measured simultaneously.

For a test facility, such as an anechoic chamber, that is prop-

MIMO 5G

erly equipped to evaluate the performance of a 5G base sta-
tion massive MIMO antenna array, for example, the number of
OTA test antennas needed to characterize a device under test
(DUT) must be equal or greater than the number of antenna array
elements. Each array element is treated as an individual anten-
na and expected to perform as such for a designed frequency
band of interest. Unfortunately, the costs of providing this many
OTA antennas for this type of test facility would be extremely
prohibitive. Add to those costs any additional hardware, such
as power amplifiers, that might be needed in the testing of a
massive MIMO array. Depending on the frequency/wavelength
of the array testing, the test facility must also provide the physi-
cal dimensions to provide adequate distance between the DUT
and the OTA antennas to represent realistic working conditions.

As with much of 5G, the strategies for developing and test-
ing massive MIMO antenna arrays are still in their infancy.
However, even based on theory, the concept of using multiple
antenna elements in a time-and-frequency-coordinated array for
a 5G base station makes sense in terms of achieving optimum
spectral efficiency and making the most of the limited available
bandwidth.

See “A Step Toward 5G in 2020,” I[EEE Antennas & Propaga-
tion Magazine, Vol. 59, No. 1, February 2017, p. 38.
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Wideband

Transformers&Baluns!

NOW!

4 k H Z - 18 GH y4 From 9990.¢(qty.20)

To support an even wider range of applications, Mini-Circuits tiny surface-mount transformers and
baluns now cover frequencies from 4 kHz up to 18 GHz! Our latest designs achieve consistent performance
across very wide frequency bands, and our baluns have demonstrated great utility for use with chipsets.
With over 250 trusted models in stock representing a wide selection of circuit topologies and impedance
ratios, chances are, we have a solution for your needs!

Our Low Temperature Co-Fired Ceramic (LTCC) models provide reliable performance in tough operating
conditions, tiny size — as small as 0805 — and very low cost. All core-and-wire models are available with our
exclusive Top Hat® feature, improving pick-and-place accuracy and throughput. We even manufacture
our own transmission wire under rigorous control and use all-welded connections to ensure reliability and
repeatability you can count on.

-
Visit minicircuits.com and use Yoni2®, our patented search engine ’ h/ L -'/
to search our entire model database by performance criteria and o )

find the models that meet your requirements. Order today and have (7)—?5")(0 . 'OVSS 0,05 'S’gffo 0
them in hand as soon as tomorrow! Cost-effective custom designs ' Ceramic Ceramic

and simulations with fast turnarounds are just a phone call away! o RoHS compliant.
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Largest In-Stock Selection of

Waveguide
omponents

All Available for
<, - Same-Day Shipping

.)v

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

866.727.8376 @ PASTERNACK

visit pasternack.com today! THE ENGINEER'S RF SOURCE
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CHRIS DeMARTINO | Technical Engineering Editor

5G Goes Over the Air

For next-generation 5G networks to finally become reality, over-the-air testing must
be available—and many companies are working to make that happen.

THE ACTIVITY SURROUNDING fifth-
generation (5G) networks is at a fever
pitch, as proponents of the technology
look to ensure that it becomes a reality
in the not-so-distant future. Today, 5G
is a hot topic, receiving a great deal of
scrutiny in myriad articles, webinars,
etc. Those who have been paying atten-
tion are probably already aware of the
benefits promised by 5G—benefits like
faster data rates and greater capacity.

One tantalizing aspect of 5G con-
cerns the prospect of over-the-air
(OTA) testing. With 5G expected to
utilize antenna arrays at millimeter-
wave frequencies, test approaches
beyond traditional cable-based meth-
ods must be investigated. That’s why
a number of test-and-measurement companies, includ-
ing Keysight Technologies (www.keysight.com), National
Instruments (NI; www.ni.com), and Rohde & Schwarz
(www.rohde-schwarz.com), are now focusing on OTA test
solutions.

At Mobile World Congress 2017, Keysight’s Lucas Han-
sen gave a presentation titled “mmWave Over the Air Test
Challenges and Opportunities.” In it, when discussing 5G,
he noted the significance of millimeter-wave frequencies
along with signal bandwidths that could be as high as 1
GHz. “What this does is drive a fundamental change in the
design architecture of the devices that we have,” said Han-
sen during his presentation.

“No longer do you have a traditional cabled environment
when you are designing RF front ends,” he added. “What
you now have at these frequencies is a phased-array antenna,
which is bonded directly to an RF integrated circuit (RFIC).
Phased-arrays are required at millimeter-waves and, as such,
are introducing ‘no-connectorized test’ That means that
you no longer have the traditional cable that you once had”
Expect to hear more from Keysight regarding OTA testing in
the near future.
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This demonstration system was built on Verizon’s 5G specification.

OTA PUBLIC DEMONSTRATION

NI is another company at the forefront of OTA test solu-
tions. At the IEEE Wireless Communications and Networking
Conference (WCNC) in March, the company demonstrated a
real-time OTA prototype for 5G at 28 GHz (see photo above).
The demonstration system, which was aligned with Verizon’s
5G specification, contained eight independently configurable
100-MHz component carriers. “The Verizon 5G demonstra-
tion system received a lot of attention and was a must-see
for the WCNC attendees—which included the top wireless
researchers in the world,” said James Kimery, director of mar-
keting for RF, communications, and software-defined radio
(SDR) initiatives at NI.

The prototype, which was built using NI's mmWave Trans-
ceiver System, featured a new version of millimeter-wave
heads operating at 28 GHz. Anokiwave (www.anokiwave.com)
and Ball Aerospace (www.ball.com/aerospace) developed the
phased-array antennas. Written with LabVIEW system design
software, the prototype system features fully modifiable real-
time code for both the base station and the user equipment.
Stay tuned for more in the days to come. Tl
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ROGER NICHOLS | Director of 5G Programs, Keysight Technologies

Building One 5G Wireless

Standard to Rule Them A

Tirelessly working through reams of documentation, the 3GPP marches onward to

create a solitary standard for 5G communications.

THE ON-TIME BEGINNING of too many of my business meetings
is tarnished by the initial 15 minutes wasted watching three
impromptu IT “experts” search for the right port, adaptor, and
monitor setting to connect someone’s laptop to the projector.
If you have never experienced this problem, allow me to sug-
gest that you do not exist.

Are we incompetent operators of IT tools? No. We simply
lack a single standard. And while I have little hope for projec-
tor convergence, in 5G we are on the verge of something revo-
lutionary: a single and globally deployed standard for mobile
communications.

From the earliest days of radio, stan-
dards organizations arose to ensure
that Marconi’s magic could be applied
in a manner enabling us to commu-
nicate from afar. A quick perusal of
the internet will yield fascinating tales
surrounding the standardization of
Morse code, radio channels, distress
signals, and spectrum management.
Early standards arose from the prede-
cessors of today’s ITU meetings, the
results of which read remarkably like
those created today.

From 2G forward, we had global
standards for cellular communications. But we did not have the
potential of a single standard until we reached 4G—and that
convergence was forced to cower while the WiMAX/LTE duality
threatened the peace of the mobile world for a few tense years.

THE STANDARD BEARER

The 3GPP has been working for over a year to define a fifth-
generation standard—the most ambitious development in
communications since the advent of analog cellular. Gaining
global alignment across all segments of our industry requires
difficult technical work hashed out in long meetings, frustrating
discussions, email rants, and legal battles. All of this is amongst
a demographic of engineers and mathematicians, and our little
technical club is not known for its smooth social skills.
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I do not mean to belittle standards work. Those not associated
with such bodies may be surprised at their scope and breadth.
Three technical specification groups exist within 3GPP, each
responsible for several technical working groups that develop
the details of the specifications. This means approximately
1,500 people in 20 committees meeting up to eight times annu-
ally who generate massive amounts of documentation distilled
from tens of thousands of technical submissions.

Some perspective: A colleague who attends 3GPP RAN4
recently sent me a copy of “3GPP TR 38.803 v2.0.0,” a 200-page,
11-MB feasibility study on radio frequen-
cy and coexistence aspects of the new
5G wireless air interface. This work-in-
progress document represents just one
part of one part of one part of one part of
the gestating standard. During this sub-
group’s last meeting, no fewer than 37
documents were submitted for consid-
eration for the topic of radio testability
alone.

The recent 3GPP decision to acceler-
ate the standard comes after a yearlong
argument. Without getting into details,
this was driven by a discussion of the
tradeoffs relating to enabling new busi-
ness models, standards “fragmentation,” and the risk of a
standard that falls too far short of the 5G vision originated in
the ITU and now beautifully portrayed in every company’s 5G
presentation.

The technical and commercial demands of creating and
deploying these standards are monumental. As a consumer, I
look forward to the wireless standards being as unwavering as the
color of traffic lights and certainly more consistent than interfac-
ing with display projectors. As a supplier of simulation, design,
test, and measurement solutions, I admit that the past 20 years of
fragmented standards have created wonderful business opportu-
nities. It is thus difficult for me to find a neutral space. But while it
will take a few years, I believe the market forces will drive a com-
mon standard to reality. T
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IAN GRESHAM | Distinguished Fellow of Technology, Anokiwave

oG Makes Major Strides In
First Half of 2017

At Mobile World Congress 2017, 5G
held court in many circles. Here is
one company’s perspective on the
technology’s fast track.

THE CONVERSATION AROUND 5G has reached a crescendo.
That was clear at this year’s Mobile World Congress (MWC),
which saw its largest crowd ever of 104,000 attendees. Dis-
cussion at the conference centered around the future of the
mobile industry, and one of the main themes was 5G.

From technical tracks on the development of sub-6-GHz
spectrum bands to panels posing high-level implications
for IoT applications, 5G was both well represented and well
received at the show.

A particularly interesting presentation was Keysight’s (www.
keysight.com) wideband real-time beamforming solution,
on hardware operating at 28 GHz provided by Anokiwave
and the University of California San Diego (see photo). The
demonstration clearly showed how researchers can quickly
and accurately test analog, digital, and hybrid beamforming
systems. As the first true phased-array ever demonstrated at
MWC, the booth generated much excitement.

With 5G quickly advancing, another natural topic of inter-
est was the transition path of 4G networks. Most experts
agreed that a full 5G rollout is expected by 2020, but pointed
to multiple field trials already underway that feature com-
mercially viable RF front ends with beamforming and active
antenna solutions. Experts also predicted 2018 and 2019 will
bring more field trials with key network providers, underscor-
ing the bottom line—the industry cannot afford to wait for
2020 to begin testing.

The connected car and use of sub-6-GHz spectrum for
the Internet of Things stole the show. The market for these
technologies is expected to be huge. It’s predicted that con-
nected devices will grow to more than 20 billion by 2020, and
the push for vehicle-to-everything (V2X) communications
in vehicles will cover everything from the smart highway and
autonomous driving to continuous connectivity.

The magnitude of the opportunity demands focus, but
resources are limited. Those opportunities that require only
slight evolutions of technology will be the priority and focus
for stakeholders going forward.
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This 5G MIMO beamforming demonstration took place at MWC 2017.

One aspect of 5G arguably neglected at MWC was the con-
sumer end link. While millimeter-wave technology was well
represented, solutions for customer premises equipment (CPE)
weren't so fully baked out. Speakers and presenters indicated a
burgeoning emphasis for 28-GHz spectrum, opening the door
for growth and improvement in CPEs moving forward.

On the heels of MWC came two more major announce-
ments. First, international body 3GPP asserted its plans to
accelerate 5G deployment to 2019. This is huge news for carriers
chomping at the bit to roll out 5G for increasingly data-hungry
customers. Device manufacturers and network providers alike
have come out in droves to support the plan, including Qual-
comm, Nokia, Verizon, Intel, Ericsson, Huawei, and Samsung.

The other announcement came from recently appointed U.S.
FCC Chairman Ajit Pai, promising to respond faster to new
technology proposals. This commitment is expected to impact
the speed and direction of 5G development around the world.

Experts and major industry bodies have spoken—5G will
arrive faster than many envisioned. If you're not preparing for it
now, you're already behind. As new millimeter-wave frequency
bands are allocated by the appropriate regulatory entities for 5G
systems worldwide, companies such as Anokiwave will respond
with products to help meet emerging needs. Il
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Engineering Essentials
JACK BROWNE | Technical Contributor

Underlining the
Meaning of Linearity

It can be difficult to achieve the linearity of an RF/microwave component, which is
essential for communications systems relying on advanced modulation schemes.

LINEARITY IN AN RF/microwave component or system is fairly
easy to understand in concept: It refers to the ability of a com-
ponent or system to provide an output signal that is directly
proportional to an input signal. As a result, the relationship of
the signal input to the signal output as a function of frequency
is a straight line.

Achieving good linearity, on the other hand, is not quite so
simple, even though it is crucial to preserving key pulse charac-
teristics in a radar and modulation quality in a communications
system. Whether it is a frequency mixer, an amplifier, or a com-
plete system, many barriers to linearity must be overcome, often
at the expense of some other performance parameter.

THE ABCS OF LINEARITY

A simple way to think of linearity for any component is a
straight line. For an amplifier, this means that a plot of output
power as a function of input power will be a straight line, with
the slope of the line equal to the gain of the amplifier. If the gain-
vs.-frequency response is fairly even, the line will be straight. A
line that is not straight indicates an amplifier is not linear. Of
course, most RF/microwave amplifiers tend to tail off in gain at
the higher frequencies, resulting in a plot where the line curves
downward in the direction representing lower gain.

In a wireless communications system, good linearity is essen-
tial for both receivers and transmitters, as well as their compo-
nents. However, poor linearity is most evident when it occurs
within the transmitter and a number of its components, includ-
ing power amplifiers (PAs), frequency mixers, and switches.

Linearity is critical for systems transmitting carrier signals
with amplitude modulation (AM) or a combination of AM and
phase modulation, such as quadrature amplitude modulation
(QAM) or quadrature phase shift keying (QPSK). Nonlinear
transmitter performance results in degradation of signal and
modulation quality, making it difficult for a demodulator at the
receiver to recover the transmitted modulated information.

PAs are usually the first components to check when evalu-
ating a system design for linearity. This is more so than with
small-signal amplifiers such as low-noise amplifiers (LNAs),
where achieving high output-power levels is less of a concern
and the amplifier will not be as apt to go into nonlinear operat-
ing conditions.

GO TO MWRF.COM
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The intercept points for IP2 and IP3 are mathematical concepts
meant to convey input and output power levels for a component or
system, beyond which good linearity is left behind.

Because RF/microwave PAs are based on semiconductors,
which are inherently nonlinear devices, they fall prey to non-
linear behavior under certain operating conditions. One of
these is when boosting the multiple-tone signals commonly
used in wireless communications systems. Nonlinear behavior
can result in signals mixing and generating unwanted levels of
intermodulation distortion (IMD).

The nonlinear behavior tends to worsen as an amplifier
approaches saturation, when operating with the highest possible
input signals. However, an amplifier operating at saturation is
also functioning at its highest efficiency. Thus, using an ampli-
fier in a “backed-off” state at less than peak power to achieve
improved linearity represents a classic performance tradeoff—
linearity vs. efficiency—facing users of RF/microwave PAs.
Various other techniques for higher linearity in RF/microwave
amplifiers include the use of feedforward techniques, envelope-
tracking technology, digital predistortion (DPD), and analog
predistortion to overcome an amplifier’s nonlinear tendencies.

INTERCEPTING LINEARITY
Several standard performance parameters help expose an
amplifier’s potential nonlinearity: 1-dB compression (P1dB)
(Continued on page 44)
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(Continued from page 41)

point, second-order intercept (IP2) point, and third-order inter-
cept point (TOI or IP3) point. An amplifier’s compression point
refers to an operating condition at which the output signal level
no longer increases by the same amount as the input signal level
(with the input signal increased as a function of the amplifier’s
gain). Amplifiers are usually operated 1 dB below the compres-
sion point to preserve linearity and achieve acceptable efficiency.

An amplifier’s IP2 and IP3 points are meant to express either
input or output power levels beyond which linearity can be
expected. Due to nonlinear behavior, an amplifier will generate
a certain amount of IMD as a function of input power. When
the IMD increases by 2 dB for every 1-dB increase in input
power, it is said to be second-order distortion. When the IMD
increases by 3 dB for every 1-dB increase in input power, it is
referred to as third-order IMD.

The IP2 and IP3 points are mathematical representations of
linearity rather than actual physical power levels. IP2 and IP3
are often described in terms of a logarithmic x-y plot of input
power vs. output power (see figure on page 41).

The desired amplifier performance is represented by equal
changes in output power for the changes in input power, or a
straight line on the x-y plot with a slope of 1. The plot of an ampli-
fier’s second-order IMD products as a function of input power
would be a line with slope of 2, while the plot of the amplifier’s
third-order IMD products as a function of input power would
be a line with slope of 3. The points at which these lines intersect
with the first line represent the IP2 and IP3 of the amplifier.

CLASSIFYING AMPLIFIERS

The class of a PA is usually a good indicator of its linear-
ity. For example, in a Class A amplifier, the dc input power is
constant (always on), regardless of the level of the input signal.
While this bias scheme lacks efficiency, it is quite linear and
precisely maintains the amplitude and phase characteristics of
the input signal, increased by the gain of the amplifier.

Class B amplifiers are designed for higher efficiency. In a
Class B amplifier, such as a push-pull configuration with two
transistors, the first transistor conducts during the positive half
cycle of an input signal waveform while the second transis-
tor conducts during the negative half cycle of an input signal
waveform. Less power is consumed than in a Class A amplifier,
for higher efficiency, but the switching back and forth between
active devices results in higher harmonics and more nonlinear-
ity than the “always-on” Class A amplifier.

A hybrid combination of the two basic amplifier architec-
tures, a Class AB amplifier, provides a compromise in terms of
the efficiency and linearity of Class A and B amplifiers. Vari-
ous other amplifier classes are employed for RF/microwave
applications, such as Class C with high efficiency but poor
linearity, and all are subject to the basic tradeoff between lin-
earity and efficiency.

Numerous techniques have been developed to improve PA

a4

linearity, including approaches that use feedback or distortion
to correct for the nonlinear behavior of the amplifier’s active
devices. More recent approaches are based on envelope track-
ing—essentially, the use of a dynamic power supply. In a con-
ventional PA, the power supply is constant. In a Class A ampli-
fier with two transistors, both devices are always conducting.

In an amplifier with envelope tracking, the dc bias is varied as a
function of the input signal envelope. It is increased or decreased
according to the level of the input signal to maintain the amplifi-
er’s active devices at a power level that provides optimum balance
between linearity and efficiency. This delivers a level of perfor-
mance that is attractive, for example, to wireless network opera-
tors who prefer to minimize the energy costs of their networks.

NONLINEARITY NOT LIMITED TO PAs

Although PAs may often be the culprits of nonlinearities in a
communications transmitter, they are not the only RF/micro-
wave component subject to nonlinear behavior. For example,
frequency mixers are designed to provide a linear function. They
shift an input signal from one frequency to another while pre-
serving its fundamental characteristics, such as amplitude and
phase. However, mixers, like amplifiers, are based on semicon-
ductor devices such as diodes and field-effect transistors (FETs),
and thus are subject to the nonlinear tendencies of those devices.

Mixer linearity is typically characterized in terms of its
third-order intercept, with higher values representing better
linearity. RF/microwave frequency mixers are designed in
various configurations, such as single-balanced architectures
with a pair of diodes and double-balanced mixers with two
pairs of diodes. Double-balanced mixers typically provide
enhanced linearity compared to single-balanced frequency
mixers, although with some performance tradeoffs. With the
additional mixing diodes, a double-balanced mixer typically
has higher conversion loss and requires more local-oscillator
(LO) drive power than a single-balanced mixer.

The linearity of a high-frequency switch can also impact
communications-system performance, since a switch that
handles higher power levels without distortion will support a
higher system dynamic range and signal-to-noise ratio (SNR).
A traditional RF switch performance tradeoff often involves
linearity vs. dynamic range, or essentially how much power it
can handle without distortion.

Component designers are well aware of the need for good
linearity in modern high-frequency systems. It has led to the
development of many practical solutions in terms of ampli-
fiers, mixers, and switches for both the low-power (receiver)
and high-power (transmitter) portions of each system. Main-
taining good linearity becomes particular more challenging as
systems occupy wider bandwidths and, with the high expecta-
tions set for fifth-generation (5G) wireless communications
networks, excellent linearity will be required throughout each
network’s RF/microwave components. Tl
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Industry Trends
JACK BROWNE | Technical Contributor

Microwave Energy Powers
Many Industrial Applications

High-power microwave energy may be best known for a fast, hot meal, but it is also
the basis for a wide range of industrial heating, drying, and processing applications.

MICROWAVE ENERGY is well known (and appreciated) by
anyone who has used a microwave oven to heat a meal. Such
application of high-frequency electromagnetic (EM) radiation
for the dielectric heating of materials is also one of the most
widely adopted industrial uses for RE/microwave components
and systems. Industrial microwave heating systems operate
within the unlicensed industrial, scientific, and medical (ISM)
frequency bands set aside by the Federal Communications
Commission (FCC) for industrial applications in the U.S.,
such as 915 and 2450 MHz, to prevent interference with other
frequency bands.

Many materials are processed by means of microwave heat-
ing, and not just for the next meal, although microwave energy
is the main component of thermal processing used to elimi-
nate bacteria in commercial food products. In agriculture,
microwave energy is exploited for drying of grain and removal
of moisture from wood for use as lumber. In the pharmaceuti-
cal industry, microwave energy removes the moisture from
various powdered substances. In the materials supply indus-
try, microwave energy enables the addition of different types
of coatings to rubber and plastic materials.

THESE INNOVATIONS ARE HOT

For industrial applications, such as food processing, pow-
er consumption and material processing are key operating
parameters toward minimizing the cost of the microwave
heating or drying process. As an example, a microwave heat-
ing/drying system developed by Max Industrial Microwave
(www.maxindustrialmicrowave.com) uses only a small per-
centage of the energy required by other heating/drying
systems per liter of water evaporated from the processed mate-
rial, with reduced thermal processing time

The system is designed in a compact footprint as a form
of “microwave tunnel,” so that material passing through the
system can be exposed continuously to microwave radiation
for heating and drying. The tunnel configuration results in
predictable and uniform heating of the material with minimal
thermal processing times.
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The firm supplies systems for microwave drying and ster-
ilization at 915 and 2450 MHz. The systems can process both
solid and liquid foods while preserving the essential nutrients
within the food, as well as preserve its appearance and fla-
vor. Such microwave heating/drying systems are considered
“environmentally friendly” for their lack of exhaust gases and
efficient use of electrical energy.

Similarly, Cellencor (www.cellencor.com) developed an
industrial microwave oven that is about 12 feet in length with a
continuousconveyerbeltrunningthrough thetunnel-likestruc-
ture for material samples. The system applies microwave energy
tothecavity fromahigh-powersource, usingawaveguidefeed to
transfer EM energy to the cavity via two or more high-power,
rotating antennas to achieve even heating of material samples.

Advanced Microwave Technologies (www.advanced
microwavetechnologies.com) is another major supplier of
industrial microwave heating systems for pasteurization and
food-processing applications, as well as for waste treatment
and biotechnology research laboratories. Fruits and vegetables
processed with the company’s systems have yielded increased
shelf lives. The firm’s industrial systems are designed for fast
and efficient heating of materials in a smooth production
flow and with clear graphical user interface (GUI) for ease of
programming and control.

Autopack Global (www.autopackglobal.com), which pro-
duces a variety of different material-processing systems,
including induction sealers and hot-air dryers, also offers a
microwave-based industrial drying system to reduce the mois-
ture content of raw materials. It is applied to the automated
drying of fruits, vegetables, meat, and fish, and even to the
production of cereals such as corn flakes.

On a smaller scale, Microwave Research (www.microwave
research.com) has a long track record of supplying microwave
heating equipment at 2450 MHz for both industrial and
laboratory applications. When a microwave-based heating
chamber is needed for experimentation, the company offers
standard microwave heating systems with as much as 3.2 kW
power, although it has also developed laboratory and industrial
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Microwave Energy

hile the systems used for microwave industrial heating
may operate at the same 2450 MHz as the microwave
oven that warms a cup of coffee at home, they are considerably larger

and more powerful.

processing systems at power levels as high as 12 kW. Many of its
systems are designed according to custom requirements.

High-power microwave plasma processing is an industrial
application that offers great benefits for the production of
several kinds of materials, including semiconductor wafers.

Microwave plasma processing (within a plasma chamber
fed by a high-power microwave source) has been employed in
semiconductor manufacturing for such operations as material
deposition, etching, and photoresist removal. It allows dry
etching of photoresist materials at high etch rates and with no
ionic damage to the material samples.

Cober Inc. (www.cober.com) teamed up with high-power source
supplier Muegge GmbH (www.muegge.de) to develop micro-
wave plasma ovens that are instrumental in producing advanced
ceramic materials in both atmospheric and under-vacuum con-
ditions. Non-oxide ceramic materials such as silicon nitride and
tungsten carbide have been fabricated at sintering temperatures
to +1700°C with fine-detail, high-quality microstructures. Cober’s
engineers also work closely with the members of the materials
science department at Penn State University to develop and com-
mercialize new microwave sintering applications.

In terms of microwave heating systems for a diversified set
of applications, few suppliers can come close to Microdry Inc.
(www.microdry.com). As the company notes, its systems have
been used for everything from cooking bacon to drying sludge,
typically at frequencies of 915 or 2540 MHz. Although it offers
extensive lines of standard industrial microwave systems and
high-power microwave energy sources, the firm is perhaps
best known for its custom system solutions, which include
microwave systems for waste treatment, ore processing, and
water-based adhesive drying.

Although EM energy at resonant frequencies of 915 and
2450 MHz is most often used for industrial microwave
heating applications, not all suppliers of industrial EM-based
heating systems subscribe to the use of those frequencies.
The “Macrowave” heating systems from Radio Frequency
Co. (www.radiofrequency.com) use RF rather than microwave
heating to take advantage of the more uniform heating
properties of the longer wavelengths. The low-frequency
systems have been used to eradicate tobacco beetles when
drying tobacco, and remove salmonella when pasteurizing
fishmeal prior to packaging it as pet food.

For example, the company promotes the efficiency of its RF
heating systems, such as its Macrowave Pasteurization Systems
that operate at 40 MHz. Compared to higher-frequency
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microwave heating systems, the long wavelengths of these
lower-frequency systems provide good depth of EM energy
penetration into the material to be heated, with excellent
uniformity of heating. This effectively eliminates microbes
without damage to the material being heated due to prolonged
exposure to high temperatures.

SOURCES OF POWER

While the systems used for microwave industrial heating
may operate at the same 2450 MHz as the microwave oven
that warms a cup of coffee at home, they are considerably
larger and more powerful. Oftentimes, conveyer belts feed
a continuous flow of materials to be processed to a large,
EM-shielded chamber, where the materials are subjected to
microwave energy for heating and drying. The source of that
microwave energy is usually one or more continuous-wave
(CW) magnetrons, using air- or water-cooled architectures to
control the heat generated by the tube.

A line of CW magnetrons from the Econoco Div. of
Communications & Power Industries (www.cpii.com) includes
models operating at fixed frequencies of 896, 915, 922, and
929 MHz (with £10 MHz frequency variation) and as much as
100 kW output power. The magnetrons run on +19.5 to +20.0
kV anode voltage and 5.8 to 6.0 A anode current, using water
cooling to maintain thermal stability even with the enormous
amount of output power. With high typical efficiency of 83% to
88%, these magnetrons help achieve good operating economy
in a microwave heating system by turning most of the dc input
power into microwave output power.

In addition to providing the high-power microwave sources
for Cober’s microwave plasma systems, Muegge GmbH is a
major supplier of magnetrons that drive many other industrial
microwave heating/drying applications. Suppliers of high-
power CW magnetrons for industrial microwave heating
applications at 915 and 2450 MHz include e2v (www.e2v.
com), Hitachi High Technologies America (www.hitachi-
hta.com), L-3 Technologies (formerly L-3 Communications,
Electron Devices, www.l3t.com), and the aforementioned
Communications & Power Industries, Econoco Div.

For repair of industrial microwave heating systems, the
aptly named Industrial Microwave Systems (www.industrial-
microwave-systems.com) provides replacements for many
original-equipment-manufacturer (OEM) magnetrons. It
offers tubes with as much as 120 kW output power at 915 MHz
and 3 kW output power at 2450 MHz. [
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Digital Approach
Generates AM-VSB and

8VSB Signals

Through the use of DSP techniques, a single modulation platform can generate both
analog AM-VSB and digital 8VSB broadcast television signals.

igital television broadcast standards employ

various forms of amplitude-modulated (AM)

signals with suppressed sidebands to reduce

emissions and interference. An example is the
Advanced Television Systems Committee (ATSC) 8-level ves-
tigial sideband (8VSB) American standard for digital broad-
cast television in the United States, as well as its analog pre-
decessor, the National Television System Committee (NTSC)
standard. High-power high-definition-television (HDTV)
transmitters require stringent emission masks to reduce side-
bands and to achieve spectrally pure signals.

To accomplish this, many 8VSB modulators have incorpo-
rated surface-acoustic-wave (SAW) filters for high sideband
attenuation. Unfortunately, such filters are often plagued by
excessive passband amplitude ripple, high passband insertion
loss, and high cost. However, the use of digital modulation
techniques, such as field-programmable gate arrays (FPGAs)
and digital signal processors (DSPs), has made it possible to
implement digital television modulators that overcome the
limitations of SAW filters. Through the use of DSP techniques,
it is possible to generate both analog AM-VSB and digital
8VSB television signals with a single platform.

A modulation method known as Weaver modulation has
been used to generate single sideband (SSB) signals with arbi-
trary sideband shape.!"* Because the approach requires two
precisely matched filters and signal paths, it has rarely been
implemented in analog circuitry. However, such matching is
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routinely possible with DSP circuitry. Figure 1 depicts a Weav-
er modulator, which begins by multiplying the modulating
signal with a pair of quadrature phased sinusoidal signals.” ¢
When generating a SSB signal, the frequency of the sinusoidal
is one-half the modulation bandwidth.

The frequency of these two signals is called the folding
frequency, and the signal multiplication produces a pair of
orthogonal baseband signals. A lowpass filter following each
modulator restricts the bandwidth of each output to one-half
of the bandwidth of the original modulating signal. At this
point, the modulating signal has been folded in such a way that
the folding frequency is translated to DC, while both the upper
and lower band edges are translated to the highest frequencies
in the folded spectrum.

Q Q Lowpass ®
filter
Baseband TCosine T Cosine IF output
Ippufl Folding IF signal
signa frequency frequency CZD—»
oscillator oscillator
Y
lSine l Sine
c D Lowpass ®
filter

1. This block diagram shows the components and architecture of a
Weaver modulator.
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2. The plot shows the real part of the impulse response.

The two baseband signals are then applied to a quadrature
mixer. If the quadrature phases are accurate; if the two lowpass
filters are matched; and if the gain, phase, and delay of the two
signal paths are matched, the sum of the two signal paths is a
SSB signal.

Discrete analytic signals yield a null in Fourier transform
values for frequencies of - < w < 0. The Hilbert transform is
a mathematical method for describing the analytic signal s,(n)
(sometimes known as the complex envelope) of a real-valued
baseband signal s(n) as:

sa(n) =s(n) +jH[s(n)],

where H[s(n)] is the Hilbert transform of baseband signal
s(n).” The definition of this linear operator has the convolu-
tion form of H[s(n)] = s(n) * h(k). This transformation can be
implemented as the output of a linear time-invariant system
with input s(n), and an impulse response represented in the
form h(k) = 2sin?(rk/2)/mk. The Hilbert transform has the
effect of shifting the frequency components -1 < w < 0 of s(n)
by 90 deg., as well as the frequency components 0 < w < 7 by
-90 deg. This occurs because of the frequency response behav-
ior of the Hilbert transform linear system: F{h(k)} = H(w)
= —jsgn(w) where H(w) is the discrete-time Fourier transform
of h(k).®

The lower sideband from an AM signal is produced due
to the presence of the negative part of the spectrum, and this
must be eliminated. These negative frequencies may be can-
celled by applying the modulating baseband signal in a sys-
tem with suitable frequency response, where the transmit-
ting bandwidth is represented by w,,,. To obtain the impulse
response for this system, consider a discrete-time Fourier
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3. This is a visualization of the imaginary part of the impulse response.

transform (DTFT). Let x(n) be a real-valued signal with a
DTEFT defined by Eq. 1:

+Eoo x(n).e_j @n (1)

Nn=-—0

According to the symmetry property, if x(n) is real, X(w) is
a conjugated symmetric, which satisfies all of the equations
for even and odd symmetry with the relationship expressed
by Eq. 2:

Reli(-0)}- Relx (), e(- o))

Weol-l@) xo)--cx) @

The desired system cannot be achieved using a real-valued
impulse response, since symmetry around the zero frequency
makes it impossible to discriminate positive and negative fre-
quencies. To generate the desired system response, it is neces-
sary to use a complex-valued impulse response, in the process
departing from the frequency shifting property of the DTFT
function. This can be done by using a lowpass filter with cutoff
frequency of w,,/2 and a real-valued impulse response h, (k)
with N tapsand 0 < k<N - 1.

As a direct consequence, the desired frequency response
can be obtained by multiplying the h,(k) response by the
complex function with frequency w,,/2, w,,/2, resulting in
a complex-valued impulse response h.(k), in the form of
Eq. 3:

hc(k)=hr(k>-ej'( 2
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igital television 8VSB modulation is considered to be a
vestigial-sideband signal because actual filters differ
from ideal ones, so that the vestigial sideband corresponds to the
filter rolloff. Ideally, this system could be called 8-SSB. But in analog
broadcast television systems like NTSC, a large amount of the sideband

is intentionally transmitted.

Thus, H,(w) presents a passband from -w,;,/2 to +w,,/2, while
function H (w) provides a passband from 0 to w,, due to the
wp,,/2 shifting. It can be proven that there is an optimum initial
phase value ¢ for the complex function that will avoid phase
distortion of the complex envelope to be generated.? The ini-
tial phase ¢ is used to guarantee an optimization criterion
where both real and imaginary parts of the complex impulse
response h (k) must present an even and odd symmetry,
respectively.”

Following this criterion, the complex function at the instant
k= (N - 1)/2, which corresponds to the h,(k) symmetry point,
must be null. This results in an initial phase to applied in Eq.
3, where ¢ = —(1/2)[(w,/2) o (N - 1)]. Figures 2 and 3 illustrate
both real and imaginary parts of h.(k), with the phase cor-
rection. If a signal s(n) is applied into this complex filter, the
output is a band-limited analytic signal, s,.

Digital television 8VSB modulation is considered to be a
vestigial-sideband signal because actual filters differ from
ideal ones, so that the vestigial sideband corresponds to the
filter rolloff. Ideally, this system could be called 8-SSB. But
in analog broadcast television systems like NTSC, a large
amount of the sideband is intentionally transmitted. As a
result, what was shown earlier for SSB signals can be general-
ized for AM-VSB signals.

1.0 ﬁ
0.8 /
06
: /
204
- /
0.2
0
e —>|
w,| W
-0.2
-1.0 -0.5 0 0.5 1.0

w (x 1 radians)

4. This is a representation of an AM-VSB signal.
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This can be done by considering w,, as the bandwidth from
one sideband and w, as the bandwidth from the vestigial side-
band, as shown in Fig. 4. If h,_, (k) represents the real impulse
response of a lowpass filter with cutoff frequency equal to
(0 + wy)/2, with 0 < k < (N - 1), then a baseband signal that
describes the AM-VSB channel can be generated by filter hav-
ing the complex impulse response h; _ ¢, (k) which is defined

by Eq. 4:
A 5]

By performing a comparative study between the Weaver

hc—vsb (k)= hr—vsb (k)-e

method and the complex filtering method proposed here
using an 8-VSB modulator implementation, almost no dif-
ference exists in performance, as shown in Fig. 5.8 At this
measurement, the lower sideband had been attenuated by 50
dB due to the orthogonal phase relationship between both
baseband signals. Analysis of the channel spectrum generated
by the complex filter method reveals no differences from pre-
vious modulation methods.

Channel spectrum

Amplitude (dB)

Frequency (MHz)

5. The plot shows the 8VSB spectrum for both signal generation

methods.
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However, if a single symbol is transmitted continuously,  the Quartz II programming platform to implement the inside
which means transmitting a pure carrier, differences will ~ the FPGAs, Fig. 8 presents the architecture designed for all
appear in terms of in-channel spurious content. This can be  experimental measurements made over the modulator block
seen in the measurements presented in Figs. 6 and 7. By using  for modern HDTV transmission systems.
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uite possibly, the original,

complex filtering approach
presented here provides the flexibility
needed to apply DSP techniques to
modern broadcast television systems.
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8. The photograph
shows the Quartz Il
programming plat-
form used to validate
the complex filtering
approach for AM-VSB
signal modulation.

The FCC has mandated a period
which ATSC and NTSC signals will be
multicast. Transmission equipment that
is suitable for both systems will provide
the greatest degree of flexibility for the
broadcaster. Quite possibly, the original,
complex filtering approach presented
here provides the flexibility needed to
apply DSP techniques to modern broad-
cast television systems. [
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CVD Diamond

Manages Device Hea

Effectively

Synthetic diamond materials provide the mechanical stability and outstanding
thermal conductivity needed to dissipate heat from GaN and other high-power

semiconductor devices.

eat can be damaging to the semiconductor
devices that produce it, unless it is allowed
to flow away from those devices. Solid-state
devices such as GaN transistors continue to

ce s of increased power densities at higher oper-
ating frequencies, but they also generate large amounts of heat
in small areas, and their performance levels and reliability will
be limited by how quickly and completely the heat can be dis-
sipated. Quite simply, higher-power levels are possible with
a large-signal semiconductor when the right heat-spreader
material is used. In terms of thermal management, diamond
is that optimum heat-spreading material, offering thermal
conductivities up to 10x those of other commonly used heat-
spreading ceramics.

Commercial GaN transistors and integrated circuits (ICs)
have been fabricated on various heat-spreading base substrates,
such as silicon (Si) and silicon carbide (SiC), with fair results in
terms of thermal management. Still, the heat spreading capa-
bilities of these materials can put a ceiling on the maximum
output power that can be achieved from a GaN-based solid-
state device. The thermal conductivity of SiC, at 400 W/m-K,
has been considered suitable for dissipating heat from GaN
devices. Single devices capable of high power levels at RF/
microwave frequencies have been developed on GaN-on-SiC
processes for commercial, industrial, and military applications.

Modern electronic systems often fail due to lack of adequate
thermal management (Fig. 1). The choice of materials for a
thermal management design and the methodology of the
application are essential to minimizing channel temperatures
and ensuring reliable long-term device operation. Until now,
GaN-on-SiC devices have demonstrated the most effective
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Failure modes in electronic systems
(Source: U.S. Air Force)
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1. Of the causes of failure in electronic systems, heat is the most

damaging.

management of heat in high-power discrete transistors and
monolithic-microwave-integrated-circuit (MMIC) compo-
nents. Still, the heat-spreading capabilities of SiC are limited
and typically the maximum power dissipation of GaN-on-SiC
devices is derated to protect long-term reliability. To achieve
higher power levels with less heat, especially for circuits with
densely packed active (heat-generating) GaN devices, chemi-
cal vapor deposition (CVD) diamond enables much higher
power densities than conventional approaches.

Diamond is a versatile material for many industries, with
excellent mechanical and electrical characteristics. It has many
useful properties for electrical applications, including the
highest known thermal conductivity,! stiffness, and hard-
ness, combined with high optical transmission across a wide
wavelength range, low expansion coefficient, and low density.
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In general, flatness is of lesser impor-
tance to smaller devices such as laser diodes
or RF/microwave transistors, with edges

measuring 1.5 mm in length. However, for
larger devices such as laser diode arrays,

RF MMICs, or discrete power transistors
having dimensions of around 3 to 5 mm on
aside, a typical flatness of R, = 1 pm should

not be exceeded.
The use of high-quality, sputter-deposit-
ed, thin-film metallization is strongly rec-
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2. Shown is a comparison of CVD diamond with “traditional” heat-spreading materials.

These exceptional characteristics can make diamond the ulti-
mate solution for thermal management problems.

To synthesize diamond for this purpose, the first step is
choosing the most suitable deposition technology. Micro-
wave-assisted CVD enables the best control of grain size and
grain interfaces for producing high-quality, high-repeatabil-
ity, polycrystalline diamond with the thermal conductivity
needed for particular applications. CVD diamond is now
commercially available in different grades with thermal con-
ductivities between 1,000 and 2,000 W/m-K. CVD diamond
has fully isotropic characteristics, so that heat will spread in
all directions. Figure 2 shows a comparison of CVD diamond
with other materials traditionally used for heat spreading
purposes.

To harvest the maximum heat-spreading effectiveness of
diamond for semiconductor device applications such as GaN
semiconductors, both package integration issues and func-
tional requirements must be considered. Since the surfaces of
electronic components are typically very smooth and flat, an
effective heat spreader should match, forming a gap-free inter-
face. For a diamond heat spreader,

ommended for any advanced device-level
thermal solutions.? Since the thermal bar-

rier resistance between the device and the
heat spreader must be minimized, addi-
tional metal interfaces should be avoided.
Sputtered layers, particularly those formed
of titanium (Ti), can form a very effective
chemical bond with CVD diamond, achiev-
ing high long-term stability at elevated temperatures. For
chemical separation of the gold termination layer and the tita-
nium adhesion layer, a platinum or titanium/tungsten (Ti/W)
barrier layer is recommended.

The layer thicknesses for the adhesion and barrier layers
should be typically in the range of 80 to 200 nm. The gold
termination layer is usually thicker, from 500 to 1,000 nm, for
soldering purposes, and sometimes as thick as 2,000 to 3,000
nm for devices requiring high current levels. With the inher-
ent insulating property of diamond, the generation of pat-
terned metallization is possible, allowing a wider functionality
of the heat spreader to also act as a submount for additional
device mounting and/or wire-bond termination pads. Figure 3
shows an example of a CVD diamond heat spreader with pat-
terned metallization.

As with the metallization layers, soldering layers for attach-
ing devices to the heat spreader should be kept at minimum
thicknesses for optimum thermal dissipation. This is par-
ticularly true for the primary interface (TIM1) between device
and heat spreader, again to minimize thermal resistance. For
good results, predeposited solder materi-

the surface deviations or roughness,
R,, should be no greater than 50 nm.

This minimal roughness is typi-
cally achieved by means of polishing.
Any surface defects, such as protru-
sions or bumps, should be removed
since they can impede the transfer
of heat from device to thermal sub-
strate. Otherwise, any lack of flatness
must be overcome by an effective
mounting technique of device and
thermal substrate.

GO TO MWRF.COM

3. This is an example of a heat-spreader
design metallized on CVD diamond.

als, such as eutectic gold/tin (AuSn, at T,,
= +278°C) or gold/germanium (AuGe,
at T, = +361°C), can be used. They are
typically sputter-deposited or evaporated
onto the heat spreaders at thicknesses of
2 to 4 um. With a suitably designed die-
attach process, the resulting solder lay-
ers should be void free and only a few
microns in thickness.

Lastly, since diamond is capable of
extreme heat transfer with an optimized
primary interface, even the secondary
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he thickness of CVD diamond can be important for thermal

management. For a range of applications, a thickness of 250
to 400 pm is sufficient for thermal dissipation—particularly for small
devices with high power densities. The isotropic characteristics of the
diamond material help spread the heat efficiently, hence reducing the
maximum operational temperature for a constant power output.

thermal interface (TIM2) between the heat spreader and sub-
mount surface or package is important. The use of thermal
pads or epoxy-type bonds, which have high thermal resis-
tance, would impede the flow of heat. As a result, lower-melt-
ing-temperature solder materials like indium (In) or indium/
tin (InSn) should be used. The soldering sequence is usually
designed so that the most critical TIM1 interface is formed
first, so as to mount a semiconductor chip on a heat spreader,
which is then soldered into a package in a second step at a
lower soldering temperature.

An alternative assembly approach is to use the same sol-
der material for both sides of the heat spreader and attaching
the device/heat-spreader package stack in one operation. In
any case, when soldering, the mismatch in the coefficient of
thermal expansion (CTE) between the CVD
diamond and the semiconductor materi-

As an example, for disk lasers, which can generate several
kilowatts of optical output power, the use of diamond with
thickness of several millimeters has proven beneficial.

The electrical conductivity of the heat spreader can play a
part in a device application. For some devices, the simplest
design may involve running current through the device and
the heat spread for a path to ground, as is often done with laser
diodes. For other devices, the heat spreader may be used as
an insulator. Since CVD diamond is an intrinsic insulator, its
insulation properties can be maintained by keeping the side
faces of the material free of metallization. This is required for
RF/microwave amplifiers and transistors, especially at higher
frequencies (greater than 2 GHz).

AN OVERVIEW OF SOLDERING MATERIALS

al must be considered. Gallium-arsenide
(GaAs) semiconductor devices to an edge
length of 2.5 mm can be attached with hard
solder material to CVD diamond without InSn 52/48 soft 118 eutectic
CTE-mismatch problems. For larger devic- InSn 50/50 soft 125 118
es, the use of soft solder material is recom- InAg 97/3 soft 143 cutectic
mended to avoid excessive stress that could
. . . L. In pure soft 156.6 156.6
jeopardize device performance or reliabil-
ity. The table shows a wide range of solder InPb 70/30 soft 171 162
materials commercially available for device SnPbAg 62/36/2 soft 179 eutectic
soldering processes. SnPb 63/37 soft 183 eutectic

The thickness of CVD diamond can be
. SnPb 60740 soft 191 183
important for thermal management. For -
a range of applications, a thickness of 250 AgSn 3.5/96.5 soft 221 eutectic
to 400 um is sufficient for thermal dissipa- AuSn 80/20 hard 278 eutectic
tion—particularly for small devices with AuSn 75/25 hard 356 278
high .poyver densme.s. The 1sotr0p¥c char- AuGe 88/12 hard 6] eutectic
acteristics of the diamond material help : :
spread the heat efficiently, hence reducing GIE 279 Loy 59 ilgals
the maximum operational temperature for a AuSn 73/27 hard 370 278
constant power output. However, for appli- AuSn 70/30 hard 390 278
cations with larger heat spots on the order of InCuSil 5/27/68 hard 760 743
1 to 10 mm in diameter, the diamond thick- ——

. TiCuSil 28/72 hard 780 eutectic

ness must be increased for better results.
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Synthetic Diamond Materials

ignificant improvements in the thermal design of electronic

systems can be realized by using advanced materials such as
CVD diamond. Integration of the material is relatively straightforward,
since diamond heat spreader can serve as a direct replacement for
aluminum nitride (AIN), BeO, or other ceramic materials.

MODELING THERMAL FLOW

A head-spreader configuration is typically optimized for
performance for a given power level by means of thermal
simulation. Software simulation can help find the best
solution based on output power, material thickness, metal-
lization scheme, the geometry of the source of heat, and the
package configuration.? For best simulation results, it is
important to model the complete system, including device
details, interfaces, materials, and subsequent heat-sink
approach, in performing a full junction-to-case thermal
analysis.

To demonstrate the impact of a diamond heat spreader in
a practical example, an RF amplifier design was analyzed.
In this example, a VDMOS power amplifier package was
initially made with a beryllium-oxide (BeO) heat spreader
on a copper/molybdenum (CuMo) flange. The end user was
interested in lowering the overall thermal resistance of the
system design, as well as avoiding the use of BeO due to its
toxicity. Modeling was performed with parameters for heat-
spreader thermal conductivity and thickness using various
soldering solutions.

Figure 4 shows one of the key findings of this modeling

and analysis. It demonstrates the junction-to-case tempera-
ture profile for one of the optimal designs. The CVD dia-
mond heat spreader solution exhibited 30% lower thermal
resistance at 0.300 mm thickness with thermal conductivity
of 1,000 W/m-K (the original solution used a 1.00-mm-thick
BeO heat spreader). Note the almost-horizontal, constant
temperatures within the CVD diamond, which indicate that
the heat spreader is not even employed to its full capability.
But even so, the improved thermal resistance of the diamond
heat spreader has led to this device functioning with better
linearity and with improved reliability due to its reduced
junction temperature.

One important finding was the need to modify device
architecture for improved thermal flow. The main tem-
perature rise is within the device itself. A thinning of the
device substrate, to bring it closer to the diamond heat
spreader, would enhance the thermal design significantly.
Also, mounting such devices with the active layers facing
the diamond heat spreader would provide even further
benefit, such as mounting laser diodes p-face down with
the quantum well structures soldered directly against the
heat spreader.

Temperature as a function of height, thermal conductivity,
k = 1000 W/m-K, 0.300 mm thick, 4.5 mm wide
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4. Thermal modeling revealed the effectiveness of CVD diamond heat-spreader materials compared to other materials in an example application.
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Another way to bring the device gate junction closer to
the diamond is the use of a different substrate altogether.
This has been demonstrated by using GaN-on-diamond
wafers, which remove both the Si substrate and transition
layers, replacing them instead with CVD diamond. The
result brings the diamond material within 1 um of the heat-
generating gate junctions. Initial users of GaN-on-diamond
wafers for RF HEMT devices have demonstrated as much as
3.5 times the power density compared
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to equivalent GaN-on-SiC devices.

Diamond materials can also be a
useful allay in removing heat as part of
package designs. CVD diamond can be
embedded in copper/tungsten (CuW),
copper/molybdenum (CuMo), or other
packaging materials for enhanced ther-
mal dissipation. This package design
improvement cost-effectively decreas-
es the thermal resistance of the thermal
path between the device gate junction
and the package case.

Significant improvements in the
thermal design of electronic systems
can be realized by using advanced
materials such as CVD diamond. Inte-
gration of the material is relatively
straightforward, since diamond heat
spreader can serve as a direct replace-
ment for aluminum nitride (AIN),
BeO, or other ceramic materials.
Attention to detail at the interfaces
is important to keep overall thermal
resistance low and optimize the effec-
tiveness of the diamond for thermal
dissipation. For example, once the
thermal resistance of the TIM1 (pri-
mary thermal interface material) is
minimized, attention must be turned
to the secondary thermal interface
(TIM2) as the limitation to the overall
system performance.

Improved synthesis and processing
techniques are making CVD diamond
materials more available and afford-
able as head spreaders for electronic
circuits. The trend in building denser
electronic circuits with higher power
levels per square inch is expected to
continue, adding to the need for bet-
ter thermal materials to prevent heat
from degrading performance and reli-
ability. [
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Study the Loss of

Microstrip on

Silicon

By understanding their loss mechanisms, microstrip transmission lines on silicon
substrates offer potential for low-cost passive microwave components.

icrostrip transmission lines serve

high-frequency circuit designs on a

wide range of substrate materials, but

CMOS-grade silicon may not be the
first to come to mind. Still, silicon is a low-cost foundation for
analog and digital integrated circuits (ICs), and it may provide
a useful starting point for miniature microstrip-based pas-
sive components, such as filters and antennas. But first, it is
necessary to understand the loss characteristics of microstrip
on silicon dielectric material, whether working on lower-
frequency RF, microwave, or digital circuits. Proper analysis
of the loss mechanisms can yield more accurate predictions of
final circuit performance levels.

In microstrip circuits, the electromagnetic (EM) fields
propagate mostly through the conductive metal circuit trac-
es and the dielectric material, such as silicon. But a small
portion of the EM energy also travels through the air above
the microstrip circuit’s conductors, resulting in an inhomo-
geneous medium and quasi-transverse-EM (quasi-TEM)
mode propagation. The inhomogeneous nature of a mi-
crostrip circuit structure makes quasi-static approximations
of analyzed TEM-coupled transmission lines difficult and
limits its accuracy.!

Most of the signal attenuation in a microstrip transmission
line is due to the finite conductivity of the conductor metal
and the dielectric loss of the substrate material.>* The amount
of signal attenuation depends on a number of factors, includ-

1. The diagram
depicts a microstrip
transmission line
with conductor width
w and height h,

ing the properties of the substrate material, the properties of
the conductor metal, and the operating frequency range. Mi-
crostrip transmission lines can also exhibit radiation losses, as
well as losses at any air-dielectric interfaces without conduc-
tors. Radiation loss can be minimized by the use of thin and
high-dielectric-constant circuit materials.

Conductor losses are typically greater than the other losses
exhibited by microstrip circuits. However, as the operating
frequency increases, dielectric losses become a larger part of
the loss budget. In the case of a substrate material with high
loss, such as CMOS grade silicon, the effects of dielectric and
surface-wave propagation are more dominant than conductor
losses. Simulation software based on the finite-element meth-
od (FEM) can model many of the parasitic effects that affect
microstrip losses, but FEM software may not account for all
attenuation mechanisms in microstrip circuits, resulting in
the possibility of differences between measured and simulated
results.

Analysis of microstrip loss mechanisms can provide guid-
ance on using microstrip with silicon substrate materials.
Equation 1 presents phasor notation for the frequency-do-
main signal propagation in a transmission line:

E(f,z) = E(fz)e (DB (1)

where E(f,z) is the Fourier transform of the time-domain
waveform at a distance z; a(f) is the frequency-dependent

W—>|

enclosed in a box not

considered as part of

%__
3

the loss analysis.

< sl
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Microstrip on Silicon

attenuation; and B(f) is the frequency-dependent phase re- geff = C/Cq = (c/vp)?

sponsible for signal dispersion. By focusing on the attenu-

ation mechanism represented by a(f), involving conduc- where C is the capacitance of the microstrip on a dielectric
tor, dielectric, and radiation losses, the impact of substrate  material and C, is the capacitance of the microstrip structure
permittivity on loss can be understood. Substrate selection  considering vacuum in place of the dielectric.

is critical for a circuit design, since dielectric constant will
dictate the required circuit dimensions for a target line im-

pedance along with frequency. But it is not simply a matter of 100 ] .
choosing a material with higher dielectric constant to design 3 j :Eg : g:g Egg%&)) A
smaller circuit dimensions: Substrates with higher dielectric 9.01 — HRS + SiO (lOb,OOO A)
constants typically exhibit greater losses than materials with £ 85¢
lower dielectric constants. % 8.0}
Figure 1 shows a microstrip transmission line with con- % 75l -
ductor width w and height h, enclosed in a box not con- —% 7ol ¥~ Change of 15% in
sidered as part of the loss analysis. Dielectric constant is & effective permittivity
the key material parameter involved in quantifying the 631
intrinsic capacitance between conductors. In time-varying 60F
electric fields, dielectric loss represented by the substrate 55F
material’s loss tangent is taken into consideration. Due to 5.0 L L L L L

4 10 12 20 30 40

the field distribution in microstrip, the effective dielectric
Frequency (GHz)

constant, €., has a lower value than the relative permittiv-
ity or relative dielectric constant, ¢, of the substrate mate-
rial. The effective dielectric constant, €.g; can be found by 2. The passivation layer thickness has a determination of the effective
means of permittivity of silicon substrate.
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A general expression for €. is

g = [(g.+ 1)/2] + [(g, - 1)/2]{(1 + 10(h/W)~0> + 0.041[1
- (W/h)]%}

for W/h >> 1. The equation for effective dielectric constant
has been generalized in considering only a perfect dielectric
constant (with 0 = 0 and w = 0). The influence of frequency on
effective permittivity is shown in Eq. 2:

Eeff (f) =& - (sr - Eeff)/[l + G(f/ft)z] (2)

e— W —>
_ Interface layer

N <

i AR

3. Micromachining allows the removal of small amounts of silicon

beneath active devices for microstrip circuits fabricated on silicon
substrates.

where

G = [(Z - 5)/60]%3 + 0.004Z¢ and f, = 15.66(Z/h)

with f; in GHz, h in mils, and Z; in Q.

At higher frequencies, the value of €. approaches the value
of &, for a microstrip substrate, implying that most of the en-
ergy propagates through the substrate (and less through the
air) at higher frequencies. Considering finite metal thickness,
Eq. 2 can be rewritten as Eq. 3:

TABLE 1: LOSS VARIATIONS WITH FREQUENCY
FORTFG SUBSTRATES

6.45 2.61 0.0025 0.958
6.91 2.65 0.0035 1.321
7.42 2.64 0.0036 1.364
8.54 2.61 0.0034 1.303
9.14 2.59 0.0034 1.313
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Microstrip on Silicon

€eff = Eeff — [(&r = 1)/4.6][(/h)/(W/h)*?]  (3)

where t/h < 0.2;0.1 < W/h < 20; and ¢, < 16. Figure 2 shows
the influence of the substrate passivation layer thickness on
the effective permittivity, and how variations increase with
frequency. High-resistivity silicon substrates with various ox-
ide thicknesses were used in this analysis.

It is important to note that ¢, for a given materiaal is a com-
plex quantity. Equations 4 and 5 represent the complex value
of the dielectric constant:

VxH=]=]p+]Jc=joD + Jc = jole’ - j¢" - j(c/w)]E =
joe'E (4)

e =[¢ -je" —j(o/w)] (complex dielectric constant) (5)

for o = 0, where

D =¢E = [e + £,(9/0t) = £,(0%/0t?) + ...]E> D
= (e +jwe, - w,e, +...)E> (D/E) = ;(w)

and & (w) =&’ —je" = [e|eT®

s 11.9 4.Thisisa
Si ¢
J hid depiction of a
h silicon substrate
with an interface
t Interface layer layer.

TABLE 2: EFFECTIVE PERMITTIVITY OF
STANDARD COMBINATIONS ON SILICON

Silicon (675 pm) oxide (1 um) 11.763

Silicon (675 pm) oxide (2 um) 11.727

Silicon (675 pm) oxide (5 um) 11.620
i oxide (500 A) +

Silicon (675 pm) nitride (1500 A) 11.796
" micromachined silicon

Silicon (675 pm) (50-um membrane) 1.035

Parameter ¢’ is known as ac capacitance of the dielectric material;
¢” is the dielectric loss factor and represents dielectric absorption;
and § is the dielectric loss angle associated with molecular motion
and relaxation. This relation assumes matter to be linear, having
time lag for atomic particles to respond to frequency variations.
Furthermore, it shows that the electric and magnetic fields in the
dielectric material are no longer in time phase. Tl

EDITOR’S NOTE: This represents the first one-third of this article,
with the remainder of the article exploring how various material
characteristics can influence the high-frequency performance of
microstrip transmission lines fabricated on a particular substrate,
such as silicon. For the full version of the article, please visit hito./
mwrf.com/components/study-loss-microstrip-silicon.
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What'’s the Difference?
CHRIS DeMARTINO | Technology Editor

The Differences Between
Transmitter Types, Part 2

Though older transmitters were based solely on analog technology, digital
technology now plays a major role in today’s most commonly used transmitters.

THIS TWO-PART SERIES investigates various types of trans-
mitters that are found within myriad applications. Part 1 pro-
vided a general overview before examining classical AM and
FM transmitters. In Part 2, we discuss single-sideband trans-
mitters and then examine more modern transmitter types.

SINGLE-SIDEBAND TRANSMITTERS

With AM modulation, both an upper and a lower sideband
are transmitted. The upper sideband frequency is equal to
the sum of the carrier signal frequency and the modulating
signal frequency, while the lower sideband frequency is equal
to the carrier signal frequency minus the modulating signal
frequency. A single-sideband (SSB) transmitter differs from
an AM transmitter in that it only transmits either the upper or
lower sideband—not both. Thus, an SSB transmitter uses less
bandwidth than an AM transmitter.

Figure 1 shows one implementation of a SSB transmitter.
An oscillator generates the carrier signal, which is then ampli-
fied before entering a balanced modulator. In addition, the
audio signal is amplified and processed before also entering
the balanced modulator.

Subsequently, the signal generated at the output of the bal-

BUH_e," Balanced
amplifier modulator
Sideband
filter
Carrier
oscillator
Speech
processing
Audio Audio LO
signal amplifier

1. This SSB transmitter makes use of a filter to remove the unwanted sideband.

GO TO MWRF.COM

anced modulator enters a sideband filter. This filter allows
the desired sideband to pass while rejecting the unwanted
one. After the filter, the signal—which is now an SSB signal—
enters a mixer, along with a local-oscillator (LO) signal. Next,
at the mixer’s output, a higher-frequency signal is generated;
then it gets amplified and launched.

MODERN WIRELESS TRANSMITTERS

The modulating signal in AM and FM transmitters is pure-
ly analog. However, more modern transmitters utilize digital
technology. In essence, today’s transmitters often take advan-
tage of digital-signal-processing (DSP) technology to process
the information to be transmitted.

1/Q SIGNALS

Before discussing transmitters any further, it is helpful to
explain in-phase/quadrature (I/Q) signals (also simply known
as quadrature signals). I/Q signals are at the core of the com-
plex modulation techniques implemented in many transmit-
ters. Essentially, I/Q signals can be defined as a pair of signals
that differ in phase by 90 degrees. The in-phase (I) signal is
the reference signal, while the quadrature (Q) signal shifts 90
degrees in phase from the I signal.

A cosine wave and a sine wave
differ in phase by 90 degrees. The
cosine wave would be considered

Driver
amplifier

the I signal (phase equal to 0),
while the sine wave represents the

Power

Q signal. When adding together
amplifier

a cosine wave and a sine wave
with equal amplitudes, the result
is a sinusoid that shifts in phase
by 45 degrees from the I signal.
Combining I and Q signals is an
important concept with regard to
complex modulation.
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2. Shown is a simple representation of QPSK modulation.

PHASE SHIFT OF OUTPUT SIGNAL

WITH RESPECT TO I/Q VALUES

Figure 2 is an illustration of quadrature phase-shift-keying
(QPSK) modulation, including the I/Q signals as well as the
RF carrier signal. The I and Q signals shown are actually digi-
tal bit streams. The table denotes that the phase shift of the
output signal is determined by the I and Q values. As can be
seen, QPSK has a total of four states.

Many other modulation techniques exist, but describing
them all would go beyond the scope of this article. However,
the concept discussed here demonstrates that a carrier signal
can be modulated by controlling the amplitude of the I/Q sig-
nals. It is an essential factor in understanding the functional-
ity of many of today’s transmitters.

DIRECT-CONVERSION TRANSMITTER
One often-used transmitter is the direct-conversion trans-
mitter, which has the benefit of being simple and cost-effective

(Fig. 3). Here, the digital data that contains the information to
be transmitted is processed, resulting in baseband I/Q signals.
11 45 The I and Q signals are then each fed to respective digital-
to-analog converters (DACs). Next, the DAC output signals
01 135 are each applied to respective lowpass filters. After passing
through these filters, both signals subsequently enter corre-
00 295 sponding mixers.
Meanwhile, an LO generates an RF signal. This signal is
10 315 then split into two signals that are 90 degrees out of phase.
Each of these signals drive the other input port of the afore-
mentioned mixers, respec-
LPF Mixer tively. At this stage, the output
| TN —~_ signals from both mixers are
DAC > z @ combined, and the resulting
modulated signal is ampli-
Digital dofG; DSP LO@_; 9000 + fied, fed to an antenna, and
LPF 0 launched. The transmitted
Power signal eventually arrives at a
Q DAC/‘ % é amplifier receiver, which demodulates
Mixer the received signal to recover
the I/Q signals.
3. The direct-conversion transmitter is widely used in wireless communication systems.
SUPERHETERODYNE
TRANSMITTER
| /I;Pf, Mixer 1 Figure 4 shows a block dia-
— DAC z @ Bandpass Bandpass gram of a superheterodyne
filter 1 Mixer 3 filter 2 transmitter, which has greater
LO1® R 0°O T+ L = e comple)(.lty than th? direct-
90 ~o ~— conversion transmitter. Its
Q /Ljf, AGC Pov\{e:r process is similar to that of the
— DAC % amplifier direct-conversion transmitter
Mixer 2 up until the first bandpass fil-

4. A superheterodyne transmitter functions similarly to the direct-conversion transmitter until reach-

ing the first bandpass filter.
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ter, shown as Bandpass Filter
1. The signal that reaches this
filter is known as the interme-

LO2

diate-frequency (IF) signal.
(Continued on page 83)
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and have it shipped today!
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Application Notes

LEARN TO OVERCOME PHASE NOISE

HASE NOISE IS A CRITICAL

parameter in sophisticated radar

systems, as well as other types of
communication systems. For example,
a receiver’s sensitivity can be improved
by minimizing phase noise. In the tech
brief, “Addressing Phase Noise Chal-
lenges in Radar and Communication
Systems,” Custom MMIC discusses the
importance of phase noise, and breaks
down various approaches to overcome
the problem.

Initially, the tech brief explains how
phase noise is commonly used to define
an oscillator’s frequency stability. The
phase-noise performance of an oscilla-
tor ultimately affects the performance of
the system in which it is incorporated.
Phase noise can impact the performance
of many RF/microwave systems, but
the document focuses two in particular:

direct-downconversion receivers and
radar systems.

Optimizing the phase noise of an
oscillator will obviously help to achieve
the required system performance.
However, the paper points out that an
amplifier is often used to increase an
oscillator’s output power level in order
to sufficiently drive a mixer’s local-

the phase noise of the input signal, the
amplifier noise would actually have a
greater effect on the output noise spec-
trum. Therefore, the benefit of using
an oscillator with low phase noise is es-
sentially negated due to the phase noise
generated by the amplifier.

Amplifier phase noise can be
overcome by looking into the device’s

oscillator (LO) port. Un-
fortunately, the amplifier
increases the phase noise
of the LO signal—all
devices add noise power

Custom MMIC
300 Apolio Dr.
Chelmsford, MA 01824

(978) 467-4290
www.custommmic.com

physics. Specifically, the
document explains why
gallium-arsenide (GaAs) bi-
polar devices are beneficial

in terms of phase-noise per-

to an input spectrum due to 1/f noise,
or pink noise. No doubt, then, that the
presence of this amplifier could lead to
problems.

A phase-noise plot of a low-noise
amplifier (LNA) is provided in the
paper. If this noise level is greater than

MINIATURIZING WILKINSON POWER DIVIDERS

formance. It goes on to mention several
of Custom MMIC’s low-phase-noise am-
plifiers based on GaAs heterojunction-
bipolar-transistor (HBT) technology.
The tech brief concludes by discussing
how frequency multipliers also can im-
pact phase-noise performance.

WILKINSON POWER DIVIDERS, commonly used in RF/micro-
wave applications, can achieve high isolation between output
ports while also maintaining a good match on all ports. In the
application example, “Design of a Reduced Footprint Micro-
wave Wilkinson Power Divider With EM Verification,” National
Instruments presents how its AWR Design Environment was
utilized to design a Wilkinson power divider with a compact
footprint.

The design flow consists of three steps. First, a design is
created using ideal transmission lines. The next step involves
updating the ideal schematic with the actual microstrip lengths

via the TX-LINE transmission-line calculator.

Next, an updated schematic was created that incorporated
the microstrip lengths and widths. The schematic contains
both MTEEX$ and MTRACEZ2 elements. The MTEEX$ is a mi-
crostrip tee-junction element, and the MTRACEZ element is a
microstrip meander line element. The MTRACEZ elements are
employed so that the quarter-wavelength microstrip lines can
be bent in the layout environment.

The last step involved creating the physical board layout,
with a goal of minimizing the board area without compromis-
ing performance. The application brief explains how to add

and widths. The final step is generating the
design’s physical board layout.

As mentioned, the first step took advantage
of ideal transmission-line models. The electri-
cal lengths of these transmission lines were

National Instruments Corp.
11500 N Mopac Expwy.
Austin, TX 78759-3504

(877) 388-1952
www.awrcorp.com

bends to microstrip lines in the layout. The
document also discusses how to account for
coupling between sections by utilizing automat-
ed-circuit-extraction (ACE) technology. ACE is
a tool that can extract high-frequency models of

derived by specifying a frequency of 2 GHz, which is the in-
tended center frequency. After identifying the properties of the
chosen substrate, the physical attributes of the ideal transmis-
sion lines can be determined. Those attributes were obtained

the layout—including coupling effects.

After completing the layout, the next step was to further
miniaturize the layout. The AXIEM 3D planar electromagnetic
(EM) simulator was used for final EM verification.
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SUPER ULTRA WIDEBAND

AMPLIFIERS

up to +27 dBm output.. 0.1to21GHz

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

All of our ZVA models are unconditionally stable, ruggedly
constructed, and able to withstand open or short circuits at full
output. For more details, from data sheets to environmental ratings,

wn 9290

Flectrical Specifications (-55 to +85°C base plate temperature)
Model Frequency Gain P1dB IP3 NF  Price $ *
(GHz)  (dB) (dBm) (dBm) (dB) (Qty.1-9)

ZVA-183WX+  0.1-18 282 27 35 3.0 1479.95
ZVA-183X+ 0.7-18  26+1 24 33 3.0 929.95
ZVA-213X+ 0.8-21  26+2 24 33 3.0 1039.95

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

Wideband Performance

pricing, and real-time availability, just go to minicircuits.com!
All models IN STOCK! ) RoHS compliant

183W+
183+

213+

0.1 0.7 0.8 Frequency (GHz) 18 21
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Product Feature
JACK BROWNE | Technical Contributor

COMPACT TRANSMITTER

Module Targets 60-GHz

The 60-GHz band is now in the spotlight, as designers attempt to provide cost-effective
transmitters and receivers for high-data-rate, short-range links.

THE 60-GHZ FREQUENCY BAND is viewed as a solution for “last-
mile” wireless communications links as well as for short-range
communications in potential fifth-generation (5G) wireless net-
works. Achieving such solutions will require cost-effective com-
ponents at frequencies that were once considered for experimen-
tal or military purposes, or for such “exotic” applications as radio
astronomy or vehicle collision-avoidance radar systems.

1. The PEM101 transmitter module covers a frequency range of 57.0
to 68.4 GHz with RF output power of +12 dBm.

A COMPACT SOLUTION

The model PEM010 is a waveguide transmitter module that
is tunable across a frequency range of 57.0 to 64.8 GHz (Fig. 1).
It provides +12 dBm output power at 1-dB compression across
that frequency range, with saturated output-power levels slightly
higher (see table).

The transmitter module is based on a double-conversion
superheterodyne architecture (Fig. 2) with a sliding intermedi-
ate frequency (IF) at one-seventh the carrier frequency. The
module uses silicon-germanium (SiGe) monolithic-microwave-
integrated-circuit (MMIC) components for the power amplifier
(PA) and frequency synthesizer, which achieves low phase noise
at millimeter-wave frequencies.

The transmitter’s voltage-controlled oscillator (VCO) operates
at two-sevenths the carrier frequency and the local oscillator (LO)

74

REFCLKP
REFCLKM

Synthesizer
57.0 o 64.0 GHz, 0.50- or 0.54-GHz step

WR-15
BB_IP waveguide
BB_IM UG-385/
U flange

Variable

IF VGA IF filter

BB_QP
BB_QM

f
FMP_Q
FMM_Q

FMP_I ,:D
FMM_I

Serial control registers

-

N

+1.5+42.7 +4

RESET
ENABLE
CLOCK
DATA
SCANOUT

2. The transmitter module employs a SiGe MMIC for its frequency
synthesizer and RF power amplifier, achieving low phase noise even
close to the carrier.

at three times the VCO frequency. LO and IF generated by the
synthesizer produce step sizes of 500 MHz or 540 MHz, depend-
ing on which of two reference clocks is used. The 540-MHz step
size supports IEEE channels for 802.11ad wireless systems.

Inputs to the transmitter module can be either in-phase (I)
and quadrature (Q) analog baseband signals or frequency-shift-
keying (FSK) and minimum-shift-keying (MSK) modulated
signals through different interfaces, which are upconverted to
the IF at the input mixers. The IF signal is fed to a variable-gain
amplifier (VGA) with a range of 20 dB and then to a variable IF
filter, after which the resulting signal is mixed with the LO signal.
The output of the mixer is fed to the SiGe PA that connects to the
antenna using a low-loss UG-385/U WR-15 waveguide transi-
tion. A multipin ST4 connector is used for power, reference clock,
digital control port, and baseband signals.

Typical PEMO010 performance includes 38-dB gain, image
rejection of 34 dB, a modulation bandwidth as wide as 1.8 GHz,
and phase noise of -111 dBc/Hz offset 10 MHz from 308 MHz.
Phase noise and I/Q balance specifications are sufficient for
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10MHz to 7 GHz

LTCC Construction Hermetically Sealed Nitrogen Filled
Outstanding Thermal Stability 100% Tested*
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Electrical Performance

/-
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Exposed Terminals for Tiny Size

Easy Solder Inspection 3 x3x1.14 mm high
$745

LowNF from 0.5dB  High IP3 up to +42adBm Low DCcurrent 65mA  iom [ ea w20

When failure is not an option! Our CMA family of ceramic Robust performance across wide bandwidths makes them
MMIC ampilifiers is expanding to meet your needs for more ideal for military and defense applications, hi-rel instrumentation,
critical applications. Designed into a nitrogen-filled, hermetic and anywhere long-term reliability adds bottom-line value. Go to
LTCC package just 0.045" high, these rugged models have minicircuits.com for all the details today, and have them in your
been qualified and are capable of meeting MIL standards for a hands as soon as tomorrow!

whole battery of harsh environmental conditions: Electrical Specifications (-55 to +105°C)

Qualified for: (see website for complete list and details)

. Model Freq. Gain Poyr IP3 NF DC Price $ea.
Gross and Fine Leak  HTOL (1700 hours @ +105°C) /‘ (GHz) (dB) (dBm) (dBm) (dB) (V) (qty 20)
Mechanical Shock  Steam Aging 2 CMAB1+  DC6 10 195 38 75 8.95
Vibration Solder Heat Resistance CMA-82+ DC-7 15 20 42 68 8.95
Acceleration Autoclave 3x3x114mm CMA-84+ DC-7 24 21 38 55 8.95
PIND And More! CMA-62+ 0016 15 19 33 5 7.45
CMA-63+ 0016 20 18 32 4 7.45

CMA-545+ 0.05-6 15 20 37 1

CMA-5043+  0.05-4 18 20 33 08
CMA-545G1+ 0.4-2.2 32 23 36 0.9
CMA-162LN+ 0.7-1.6 23 19 30 0.5
CMA-252LN+ 1.56-2.5 17 18 30 1 7.45
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Compact Transmitter Module

THE MODEL PEMO10 TRANSMITTER MODULE
AT A GLANCE

Parameter

Value

Frequency range

57.010 64.8 GHz

Architecture Double conversion superheterodyne with sliding IF
Modulation bandwidth 1.8 GHz

Step size 500 or 540 MHz

e e o e o

Gain 38dB

Gain step size 1.25dB

RF output power
( P1dB, saturated)

+12 dBm, +15 dBm

Image rejection 34dB
Sideband suppression 20dB
Phase noise at 308.5 MHz
100 kHz offset -72 dBc/Hz
1 MHz offset -85 dBc/Hz
10 MHz offset -111 dBc/Hz
100 MHz offset -125 dBc/Hz
|/Q balance
Phase + 3 deg.
Amplitude +1dB
i Serial, Samtech ST4-20 connector for dc power,
P clock reference, control, and baseband signals
Output port WR-15 waveguide, UG-385/U flange

Operating voltages

+1.5,+2.7,and +4 V dc

Other features

Analog | and Q or FSK/MSK modulation, extensive filtering,
over-temperature protection

modulation formats to 16-state quadra-

The complete development system

ture amplitude modulation (16QAM). includes the transmitter and receiver

Additional performance specifications modules, transmit and receive printed-

are shown in the table.

circuit boards (PCBs), two tripods,

For those in search of a complete mounting brackets, ac-to-dc power
60-GHz link solution, the PEM101 trans- adapters, USB cables, and control
mitter module is compatible with other  software. Various accessories, includ-

modules in Pasternack’s 60-GHz develop-  ing phase-matched baseband coaxial

ment system. The development system  cables, can be added to complete the

includes a 60-GHz receiver and five horn ~ development-system package. In this

antennas. The horn antennas cover vari- ~ way, 60-GHz technology, which has
ous portions of the 60-GHz band with as  been “just around the corner” for many
much as 42-dBi gain and coverage pat-  years, can be quickly and easily imple-

terns ranging from omnidirectional to  mented. Il

very narrow beamwidths. A 60-GHz

baseband I and Q signal source, model =~ PASTERNACK ENTERPRISES, 17802 Fitch,
PEMO04, is also available as part of the Irvine, CA 92614; (866) 727-8376), sales@

development system.

pasternack.com, www.pasternack.com
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Product Trends
DR. RICHARD JENKINS | Specialist Microwave Solutions Ltd.

www.smslimited.co.uk

Compare Phase-Locking
Methods of RF Sources

Several different design approaches, such as leveraging a programmable PLL or
even an integrated PLL/VCO, can be taken to meet performance requirements for

RF/microwave sources.

THE DESIGN OF PHASE-LOCKED MICROWAVE sources typically
involves one of two approaches: direct synthesis or indirect
synthesis. Direct synthesis uses a very stable reference source,
such as a temperature-compensated
crystal oscillator (TCXO) or oven-
controlled crystal oscillator (OCXO), and
multiplies up to the desired frequency.

Ref. source

crystal)

With indirect synthesis, a coupled portion
of the voltage-controlled oscillator’s (VCO)

matched to a 50-MHz reference. In this example, a program-
mable divider is used because it provides the flexibility of
output frequency selection.

(e.g., 50-MHz ——>|

fr::l?::cy | loop filter | wvco RF oufput
detector T|BW=1MHz 10 GHz 10 GHz

Divider

output is fed back and its frequency is divided to
match that of a stable reference source.

This article discusses the benefits and pitfalls of each
method, and explains how they affect the overall phase
noise. For instance, when close-to-carrier phase noise is criti-
cal, direct synthesis is often the favored approach.

Radical changes have occurred in the design and manufac-
turing methods of phase-locked RF sources, thanks to advanc-
es in programmable phase-locked loops (PLLs) and integrated
PLL/VCOs that now enable a more flexible and cost-effective
approach. The phase noise of these integrated devices is also
comparable to that of discrete devices used with traditional
methods. For example, a phase noise of -100 dBc at 100-kHz
offset—across a 20-GHz bandwidth—is achievable.

INDIRECT SYNTHESIS

Indirect synthesis, also commonly known as the PLL
approach, couples off a portion of an RF oscillator’s (e.g.,
VCO) output and divides its frequency to precisely match that
of a stable reference source (such as a TCXO). If the frequency
of the fed-back signal is ever-so slightly different than that
of the reference source, the phase frequency detector (PFD)
generates an error signal, which then retunes the frequency
of the VCO to the correct value. This continuous feedback
arrangement ensures that the error signal is always zero and
the frequency is therefore locked at a fixed frequency.

Figure 1 shows an example where an X-band microwave
source at 10 GHz requires a divider of exactly 200 to be
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1. Shown is a PLL block diagram.

Traditionally, before programmable devices, fixed frequen-
cy sources were commonly used. This was particularly the
case in military applications, such as local-oscillator (LO)
sources in up/down converter modules. These applications
would use a fixed frequency divider.

Nowadays, both the PFD and the programmable fre-
quency divider are integrated into a single PLL monolithic
microwave integrated circuit (MMIC). Recent synthesizer
developments have enabled very precise frequency selec-
tion and fine steps (e.g., 1 Hz). Synthesizer technology has
progressed further to include the VCO in the MMIC (Fig. 2).

CP

v Loop filter
Reference Integrated <re |BW=1MHz
(e.g., 50-MHz TCXO) —>| vCO/synthesizer
- 5 RF
output
Serial data to set
synthesizer parameters
2. This figure illustrates an integrated PLL/VCO.
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Synthesizers

The external components required are a stable reference
source (e.g., a TCXO), a carefully designed loop filter, regulat-
ed power supplies, and a means of programming or interfacing
with the synthesizer.

In addition, synthesized frequencies of up to 20 GHz can be
generated with very low phase noise (e.g., ~100 dBc at 100-kHz
offset) with these new packaged PLLs. As a result, they are
well-suited for either commercial or military applications. The
other advantages of MMIC-based synthesizers include added
flexibility for a variety of applications, lower-cost materials/
products, and reduced production time.

Many PLL/synthesizer MMIC devices contain volatile
memory, since they are devoid of EPROMs. Information is
sent via serial peripheral interface (SPI) to the synthesizer
chip, which sets a variety of control parameters—such as
the number of frequency divisions. The output frequencies
of the synthesizer are phase-locked to precise values within
the frequency range of the VCO. All of this required data can
be programmed onto an EPROM chip so that the SPI data
is triggered and sent to the PLL/synthesizer chip as the unit
powers up.

To improve the noise performance of an N-integer PLL, it is
desirable to minimize the N counter value and maximize the
phase detector frequency, f,q. If N is an integer, the maximum
value of the phase detector frequency is limited to the size of
the channel spacing, Af.

If N is a fractional value, Af can be further reduced, improv-
ing the frequency resolution. Fractional-N synthesizers can
also have very low phase noise with very fast switching speeds.
In the past, their drawback has been fractional spurs, but
today, methods such as analog compensation are able to sup-
press them.! For high-frequency applications with low chan-
nel spacing, fractional-PLL synthesizers are the preferred
option.?

DIRECT DIGITAL SYNTHESIZERS

Major developments of late in direct-digital-synthesiz-
er (DDS) technology have led to significant performance
improvements. DDS requires a digital-to-analog converter
and a lowpass filter to remove the unwanted products and
harmonics of the output signal (Fig. 3). This can often be
complex to set up and a problematic option if spurious emis-

)’

Reference clock - Directdigi’ro| D;gr:;al'l;;o_ J| Lowpass
(e_gblc())((g;\AHz synthesizer i filter

(Al

Serial data to set
synthesizer parameters

3. Shown is a representation of direct digital synthesis.
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sions are undesirable.

However, it’s possible to achieve fine frequency steps, mak-
ing the close-to-carrier phase noise more desirable in compar-
ison to indirect synthesis. A simpler but less flexible method
that has the same benefits and pitfalls as DDS is to multiply a
very clean crystal source, such as an OCXO (Fig. 4).

Ultra-low
phase-noise
oscillator
(e.g.,
100-MHz
OCXO)

Multiplier
(e.g. x 100)

| Lowpass

RF output
filter

10 GHz

Y

4. This image depicts an OCXO being multiplied up to a
higher frequency.

Phase-noise performance at 10 GHz
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5. These plots compare phase noise performance of direct and indi-
rect synthesis.

PHASE-NOISE PERFORMANCE

Figure 5 shows the phase-noise performance of direct syn-
thesis by multiplication compared with the indirect (PLL)
method. The chart reveals that improved phase noise is
achieved by multiplying the 10-MHz OCXO—currently avail-
able 10-MHz OCXOs feature ultra-high stability. The graph
also shows that the direct multiplication method can attain
lower phase noise than PLL methods at close-to-
carrier offset frequencies up to 500 kHz. At offsets
greater than 500 kHz, the phase noise of the VCO
dominates in the PLL method. This results in

lower phase noise for the PLL technique at these

RF output
(e.g., 5 GHz)

larger offset frequencies.
DESIGN AND MANUFACTURING

Figure 6 shows a PLL/VCO board designed and
manufactured at Specialist Microwave Solutions

APRIL 2017 MACHINE DESIGN



VCO’s and Synthesizers

You Define It. We’ll Design It.

Replacement Solutions for End-of-Life Parts. Custom Designs as Easy as 1-2-3.
Whether you need replacement parts or you have a new requirement for VCOs or synthesizers,
Mini-Circuits is here to support you. Our engineers will work with you to find a solution from our
extensive library of existing designs or develop a custom design to meet your needs, as easy
as 1-2-3! Reach out to apps@minicircuits.com today, and see why so many customers trust
Mini-Circuits as the industry’s solid source.

* VCOs from 3 to 7000 MHz

e Synthesizers from 56 to 7800 MHz

e Thousands of Models in Stock

e Industry-leading design capability

* Reliable supply through the life of your system!

[ JMini-Circuits’

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

554 Rev A


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

Synthesizers

he correction signal generated from the PLL device then
passes through an active loop filter back to the tuning port
of the VCO to ensure that the VCO'’s output is continuously locked at a

predefined frequency.

Ltd., U.K. The unit outputs a fixed-frequency phase-locked
signal from an amplified VCO (left-hand side of the figure).
Some of this signal is fed back to a PLL device, which divides
the 18-GHz signal down to be compared with that of a clean
10-MHz reference source (courtesy of a PFD).

18-GHz VCO RF amplifier

Active loop filter

PLL synthesizer

—— Voltage regulation

~ EPROM flash
memory

Coupled signal 10-MHz reference crystal

feedback to PLL chip
6. Shown is the board layout of a PLL/VCO-based design.

The correction signal generated from the PLL device then
passes through an active loop filter back to the tuning port of
the VCO to ensure that the VCO’s output is continuously locked
at a predefined frequency. This circuit shows a phase-locked
18-GHz source. However, the circuit can be adapted to output a
wide range of phased-locked frequencies by changing the VCO,
loop filter components, and software instructions. Low phase-
noise frequency synthesizers that can output many frequency

channels across a predefined bandwidth are also designed and
manufactured at Specialist Microwave Solutions Ltd.

CONCLUSION

The development of programmable PLLs and integrat-
ed synthesizer chips provide a flexible and cost-effective
approach to the design of a frequency source. Comparing the
phase-noise performance of some of these approaches can
help pinpoint the best solution for your design. The methods
discussed here include utilizing a PLL synthesizer chip along
with an external VCO; using an integrated PLL/VCO; and
direct multiplication.

The first approach mentioned above can offer add-
ed flexibility, as it can be used to phase-lock a range of
VCOs, dielectric-resonator oscillators (DROs), etc. Recent
advances of integrated synthesizer MMICs have resulted
in phase-noise performance that meets commercial and
military specifications. Whenever a new requirement for a
microwave source arises, the final decision on the appropri-
ate design approach will be based on a range of specifica-
tions, such as the allocated cost, size, frequency resolution,
and phase noise. il
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Product Trends
CHRIS DeMARTINO | Technical Editor

New Module Meets
LoRa Challenges

To meet the needs of LoRa applications, one company decided to develop its own

unique solution.

LoRa TECHNOLOGY IS REGARDED as a key player for Internet of
Things/machine-to-machine (IocT/M2M) applications. Based
on spread spectrum technology, LoRa allows for long-range,
low-date-rate communications. In North America, LoRaWAN
networks operate in the 902-to-928 MHz frequency band, while
Europe uses 867 to 869 MHz. Some of the various applications
that can be enabled by LoRa technology are intelligent buildings,
agriculture, and logistics.

One company,
Ethertronics, recog-
nized the need for
antennas for LoRa-
based products. Hence,
Ethertronics—which is
a member of the LoRa
Alliance—essentially
decided to create its
own solution. Those

efforts have resulted in
the new ETH-LORA-
M-AX-0110 LoRa
module (Fig. I).

The ETH-LORA-M-AX-0110 is a plug-and-play LoRa
module that enables low-power-wide-area-network (LPWAN)
connectivity. It operates in the unlicensed 868- and 915-MHz
frequency bands. The module combines Semtech’s $X1272

1. This LoRa module operates in the 868-
and 915-MHz bands.

Hardware architecture of Ethertronics LoRa module

LoRa transceiver with Ethertronics’ Active Steering and
impedance matching solutions. Ethertronics’ EC686 chipset,
which is a single-pole, four-throw (SP4T) for antenna tuning
applications, is utilized in the module’s architecture (Fig. 2).

Ethertronics’ motivation, essentially, is to deliver a
complete LoRa device solution. This solution includes a LoRa
module, antennas, testing, software integration support, and
pre-certification. “We want to be a one-stop shop to allow
customers to bring a LoRa application to market,” explained Jeff
Shamblin, the company’s chief scientist.

MODULE FEATURES

One key feature of the ETH-LORA-M-AX-0110 module is
its impedance matching capability. This capability allows power
transfer between the radio and antenna to be maximized. The
company maintains that this impedance-matching capability
helps to overcome potential antenna detuning caused by the
surrounding environment.

In addition, Active Steering technology offers the capability
of generating three radiation patterns. This technology essen-
tially enables a communication link to be optimized dynami-
cally. IoT/M2M applications can benefit from real-time adjust-
ments, which are made possible by Active Steering technology.
Thus, customers can place their IoT/M2M device in virtually
any location, according to Ethertronics.

In terms of performance, the ETH-LORA-M-AX-0110 mod-
ule has a performance range in excess
of nine miles. It also has an expected
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Product Feature
CHRIS DeMARTINO | Technical Editor

MINIATURE FILTER
Takes Aim at EMII

A new compact lowpass filter has been introduced to overcome interference.

WITHOUT QUESTION, electromagnetic-interference (EMI) is
something that designers must be mindful of when designing
circuits for wireless products. Proper filtering is key when it
comes to overcoming potential EMI problems. Discrete capaci-
tors and inductors are commonly used to suppress interference
in communication frequency bands. However, TDK Corpora-
tion recently introduced a new integrated component that is
intended to help designers defeat EMI: the MEM1005PP251T
LC filter, intended for signal lines.

As mentioned, discrete capacitors and inductors are often
used to suppress EMI. However, the MEM1005PP251T LC
filter actually contains two capacitors and one inductor in a
standard 0402 case size (Fig. 1). These elements together form
a lowpass Pi filter. Taking advantage of the MEM1005PP251T
therefore enables a designer to avoid building filters with
discrete parts. Those who use this filter no longer have to be
concerned about the performance of

the individual components
that are contained in a
discrete-based
design.

1. This LC filter, available in
a compact 0402 size, contains
two capacitors and one inductor.

The small size of the MEM1005PP251T allows the required
board space to be reduced by about 61% in comparison to using
discrete components. This space reduction is significant in
terms of meeting today’s smaller-size requirements. In particu-
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2. This plot shows the filter’s typical insertion loss.

lar, portable products demand high performance in small sizes.

The filter has a specified cutoff frequency of 250 MHz. Its
specified insertion loss is 30 dB across a frequency range of 700
MHez to 3 GHz (Fig. 2). The company asserts that this insertion
loss performance allows for well suppressed interference and
increased reception sensitivity in the wireless communication
frequency bands. Moreover, the MEM1005PP251T has a dc
resistance of 0.8 (), which contributes to low-loss operation.

In addition, the MEM1005PP251T has a maximum rated
voltage of 10 V and a maximum rated current of 350 mA. This
rated current is 3.5 times greater than the maximum rated
current of the company’s MEM1608P series, which is actually
offered in a larger 0603 case size. Furthermore, the filter has an
operating temperature range of -55°C to +125°C.

In terms of applications, the MEM1005PP251T is intended
to be used in designs for products like smartphones, tablets,
computers, cameras, and gaming consoles. Base stations rep-
resent another potential market. Volume production of the
MEM1005PP251T has already begun. On a final note, TDK
Corporation also has plans to expand the series to meet a wider
range of requirements. T

TDK CORPORATION, www.global.tdk.com
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What’s the Difference?

(Continued from page 70)

ransmitters come in various shapes

and sizes.While AM and FM
transmitters are still in play, current wireless
communication systems extensively use other
types—in particular, direct-conversion and
superheterodyne implementations.

After passing through Bandpass Filter
1, the IF signal is amplified and then
upconverted to the final output fre-
quency by a mixer. After that, the signal
is filtered, amplified, and launched.

Referring to Fig. 4, one drawback
of the superheterodyne transmitter is
the generation of unwanted signals at
the output of Mixer 3. To explain, the
frequency of the desired output sig-
nal could be equal to the sum of the
LO2 and IF frequencies. However, an
unwanted signal with a frequency equal
to the difference of the LO2 and IF fre-
quencies will also appear at the output
of Mixer 3.

Alternatively, the reverse could be
true: The desired output frequency
could be equal to the difference of
the LO2 and IF frequencies; thus, an
unwanted signal with a frequency
equal to the sum of the LO2 and IF

frequencies will appear at the output
of Mixer 3. No matter the case, Band-
pass Filter 2 is employed to remove the
unwanted signals.

CONCLUSION

Transmitters come in various shapes
and sizes. While AM and FM trans-
mitters are still in play, current wire-
less communication systems exten-
sively use other types—in particular,
direct-conversion and superhetero-
dyne implementations. And let’s not
forget that DSP technology is a key
enabler of the communications that
prevail today. W
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LEARN THE DIFFERENCES BETWEEN RECEIVER TYPES

INTERESTED READERS CAN also find online “The Differences Between Receiver
Types, Part 17 (http.//mwirf.com/systems/differences-between-receiver-types-
part-1) and “The Differences Between Receiver Types, Part 2,” (http.//mwrf.com/
active-components/differences-between-receiver-types-part-2) from the March
2016 and April 2016 issues of Microwaves & RF, respectively. PDF downloads of

both articles are available.

This two-part series of articles complements this series, as it provides an over-
view of receivers. As stated in this series, transmitted signals ultimately arrive
at a receiver. The referenced articles describe receiver performance, with block
diagrams to illustrate their functionality. Direct-conversion and superheterodyne
receivers are described. In addition, the newer direct-RF sampling technique is
discussed. Some of the performance tradeoffs between different receiver variations

are described. ®
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Q&A
CHRIS DEMARTINO | Technical Editor

Roland Carter,

President of

Smiths Interconnect

t was recently announced that EMC Technology,

Hypertac, IDI, Lorch, Millitech, RF Labs, Sabritec,

TECOM, and TRAK would unify under a single brand

identity: Smiths Interconnect. In this brief interview,
Roland Carter, president of Smiths Interconnect, discusses
this brand transition.

First, can you tell us the reasoning behind this brand transition?

Carter: Over time, interactions among our brands have
increased across many of our markets. Aligning all this
activity under the Smiths Interconnect name will make us a
more streamlined partner, enhancing our customers’ access to
the combined strength of our products, expertise, and appli-
cation knowledge. This brand transition supports a recent
strategic reorganization focused on creating a more agile
structure that can better anticipate and respond to customers’
evolving needs.

How will this transition impact customers of these brands?

Carter: Unifying these technology brands under the single
brand identity of ‘Smiths Interconnect’ will simplify customer
access and interactions across multiple applications, making
it easier to navigate between and communicate about the
entire offering.

Where do you now see Smiths Interconnect positioned in the
RF/microwave industry?

Carter: As a single brand that represents a breadth of
solutions across connectors, microwave components, and
microwave subsystems technologies, Smiths Interconnect is
positioned as a comprehensive solutions provider. The shared
expertise and market knowledge across our technology brand
foundation paves the way for enhanced innovation and
technology partnerships with customers.

smtths intert

bringing technology to life
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INSIDE SMITHS INTERCONNECT

HERE ARE THE brands that make up the new
Smiths Interconnect:

EMC Technology: Board-level components
incorporating resistive and signal distribution technologies.

Hypertac: Hyperboloid contact technology, electrical
connectors, and interconnect solutions.

IDI: Spring probe contacts, interposers, connectors,
and semiconductor test solutions.

Lorch Microwave: RF/microwave conditioning
products using multiple topographies.

Millitech: Millimeter-wave components, antennas,
assemblies, and integrated subsystems for SATCOM,
test & measurement, radar, and scientific applications.

RF Labs: Microwave cable assemblies and coaxial
components.

TECOM: Ground and airborne antenna systems
for SATCOM, radio link, radar, telemetry, and high-
bandwidth connectivity.

TRAK Microwave: Integrated microwave assemblies
and subsystems, time and frequency systems, and ferrite
components.

APRIL 2017 MICROWAVES & RF



Power Splitter/Combiner
Goes Two Ways to 6800 MHz

ini-Circuits” model SCRP-2-

682W+ is a two-way, 0-deg.,
50-Q power splitter/combiner with
excellent amplitude and phase
unbalance from DC to 6800 MHz.
The typical insertion loss (above
the 3-dB power split) is 0.5 dB from DC to 5000 MHz and 0.8 dB
or less from DC to 6800 MHz. Isolation between ports is typically
19 dB across the full frequency range. The power splitter/combiner
maintains typical amplitude unbalance within 0.3 dB across the full
frequency range and typical phase unbalance within 1 deg. from DC
to 5000 MHz and within 3 deg. from DC to 6800 MHz. The typical
full-range VSWR is 1.50:1 or better at all three ports. The power
splitter/combiner is supplied in a rugged, RoHS-compliant surface-
mount package and is designed for operation from -40 to +85°C.

Four-Channel Attenuator Programs
63-dB Range from 1 to 6000 MHz

ini-Circuits’ model RCADAT- - & o
_44//?’3 4

6G-60 is a USB/Ethemet-  « <42 s
programmable attenuator £ = gj’;"'f

that operates from 1 MHz to & &
6 GHz. It controls 0 to 63 dB

attenuation in 0.25-dB steps across four
independent channels, with more than 100-dB isolation between
channels. Typical attenuation accuracy is £0.70 dB or better for all
attenuation settings and all frequencies. Insertion loss is typically 3
dB to 2 GHz and 6.2 dB or less to 6 GHz. The input IP3 is typically
+53 dBm to 3 GHz and +51 dBm to 6 GHz. Full software support is
downloadable at any time from the Mini-Circuits’ website, including
user-friendly Windows-based GUI applications. The programmable
attenuator includes female SMA input and output RF connectors
and is a good fit for laboratory as well as production-line testing.

MMIC SPDT Switch
Handles High Power to 2.7 GHz

ini-Circuits’ model
HSW2-272VHDR+
is a high-power single-

pole, double-throw

(SPDT) MMIC reflective switch with high power handling, low loss,
and high isolation from 30 to 2700 MHz. It handles as much as
25.1 W pulsed input power and as much as 15.8 W CW input
power, across the full frequency range. Typical insertion loss is 0.7
dB or less and typical isolation is 24 dB or better between the
common port and the two RF ports, and 26 dB or better between
the two RF ports, across the full frequency range. The rugged switch
exhibits low harmonics and has on-state return loss of typically 20
dB or better. It is equipped with an internal driver and is well suited
for communications, defense, and test applications. The switch
operates with a single supply from +2.3 to +5.5 V dc with typical
current consumption of only 120 pA.
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75-Q Directional Coupler
Channels 5 to 1218 MHz

ini-Circuits’ model TCD-

16-12W-75X+ is a 75-
Q, surface-mount directional
coupler suitable for use from
5 to 1218 MHz, including
in VHF/UHF, CATV, and cellular communications applications. The
nominal full-band coupling is typically 16.0 + 0.5 dB, with +0.8
dB typical coupling flatness across the full frequency range. The
directivity is typically 16 dB to 870 MHz and 12 dB to 1218 MHz.
The mainline insertion loss (above the 0.1-dB coupling loss) is
typically 0.7 dB for the full frequency range. Input return loss is
typically 19 to 22 dB and output return loss is typically 19 to 25
dB. The compact, RoHS-compliant directional coupler is designed
for operating temperatures from -40 to +85°C and is available in
tape-and-reel packaging for automated assembly.

Power Splitter/Combiner
Routes 10 W to 2750 MHz

ini-Circuits’ model o =22 =

IN8PD-272SMP+is =~ =T rene,, = 7
an eight-way, O-deg., 50-Q & @@~ - =
power splitter/combiner — ayg -
that handles as much as
10 W input power as a splitter (and as much as 6 W input power
as a combiner) from 690 to 2750 MHz. For the full frequency

is 0.8 dB while isolation between channels is typically 23 dB. The
typical full-band amplitude unbalance is 0.1 dB while the typical
full-band phase unbalance is 2 deg. The compact power splitter/
combiner measures just 6.60 x 3.26 x 0.30 in. with snap-on SMP
connectors to fit dense packaging requirements. It is well suited
for applications in automatic test systems, satellite distribution
systems, and terrestrial wireless communications systems.

E-PHEMT Dual Amplifier Achieves
High Dynamic Range to 1250 MHz

ini-Circuits’ model
MPGA-122-75+is a
dual matched monolithic

amplifier with high dynamic range and low noise figure from 40

to 1250 MHz. Well suited for CATV applications, the 75 Q dual
amplifier is based on E-PHEMT technology and features a positive
gain slope with frequency: typical gain is 14.9 dB at 40 MHz and
15.3 dB at 1250 MHz. With 15 dB gain at 1500 MHz, the amplifier
provides usable gain and even amplitude response to 1800 MHz.
The wide-dynamic-range dual amplifier has typical noise figure of
2.9 dB at 500 MHz, 2.9 dB at 40 MHz, and 3.6 dB at 1250 MHz.
It is capable of typical output power at 1-dB compression of +30.1
dBm at 40 MHz and +28.2 dBm at 1500 MHz. It features excellent
linearity, with typical IP3 of +51 dBm at 500 MHz and typical IP2
of +68 dBm, also at 500 MHz. The RoHS-compliant dual amplifier
is supplied in a thermally conductive 4 x 4 mm 24-lead MCLP
package. It draws typical current of 391 mA from a +9 V dc supply.
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New Products

Dual-Directional Coupler Channels 300 W to 520 MHz

FOR COUPLING HIGH-POWER signals in tight spaces, the model DDCH-50-521+ dual-direc-
tional coupler handles 300-W maximum mainline power from 20 fo 520 MHz and pro- L?
vides 50-dB coupled signals with 13-dB typical return loss. It also passes as much as 4 E

A current from mainline input fo output and boasts typical mainline input and output s -
return loss of 35 dB fo 150 MHz and 30 dB to 520 MHz.The finy 50-Q coupler is supplied on ]_[ '

an open printed-circuit laminate measuring 1.0 x 1.5 x 0.128 in. with wrap-around ferminations

for ease of mounting on high-frequency PCBs. It features low typical insertion loss of 0.10 dB across the full frequency
range, with typical fullband directivity of 21 dB, and typical fullband coupling flatness of +0.65 dB. Suitable for commer-
cial and military applications, the dual-directional coupler is designed for operating frequencies from -55 to +105°C.
MINI-CIRCUITS, PO. Box 350166, Brooklyn, NY 11235-003; (718) 934-4500, www.minicircuits.com

Phase Shifters Steer 360 deg.from 0.5 fo 18 GHz

A SERIES OF 8-B PROGRAMMABLE phase shifters covers frequency bands from 500 MHz to 18 GHz
with 360-deg. control. Three new models adjust phase in 1.4-deg. increments in as many as 256
funing steps and with phase shift error minimized from +0.9 to +4.5 deg.The phase shifters handle CW
input levels from +13 to +30 dBm and have fast switching speeds of 30 fo 265 ns.They incorporate TTL
control and are supplied with field-replaceable SMA or 2.92-mm coaxial connectors.The digitally
controlled analog phase sniffers are suitable for radar, communications, and EW applications
working with phased-array antennas that require exact phase control.

FAIRVIEW MICROWAVE, INC., 17792 Fitch, Irvine, CA 92614, (949) 261-1920; www.fairviewmicrowave.com

Low-Noise VCO Tunes 10.5 to 11.0 GHz

OPTIMIZED FOR X-BAND applications from 10.5 to 11.0 GHz, model DXO10701095-5 is a low-noise voltage-controlled
oscillator (VCO) with low harmonics and phase noise. It exhibits typical phase noise of —-82 dBc/Hz offset 10 kHz from
the carrier with harmonic content of typically —22 dBc.The oscillator delivers minimum output power of +2 dBm and
offers 40 fo 68 MHz/V tuning sensitivity for a tuning range of 0.5 to 15.0 V.The frequency pushing is typically 10 MHz/V
while the frequency pulling is typically 20 MHz for a 1.75:1 VSWR.The VSO typically draws 25 mA current from a +5-V dc
supply. It is designed for operating temperatures from -40 to +85°C.

SYNERGY MICROWAVE CORP., 201 Mclean Blvd., Paterson, NJ 07504; (973) 881-8800, www.synergymwave.com

L-Band Pulsed Amps Add Power As Needed

A FAMILY OF SCALABLE pulsed L-band ampilifiers features an expandable, modular architecture SCALABEE L-Eand: EUlsed Famely
that allows users to add 3U blocks to add power as needed.The amplifiers operate from 110 2 GHz |
with a starting pulsed output-power level of 2 kW, which can be expanded to 4 kW and 8 kW with
the additional modules.The rack-mount pulsed amplifiers include automatic-gain-control (AGC)
and automaticlevel-control (ALC) blocks o simplify system integration.They are equipped with a
host of protection functions, including output power limit, fault shutdown, and VSWR protection for
shutdown on faults.The amplifiers can be supplied with RS-232 or RS422 interface.

EMPOWER RF SYSTEMS, INC., 316 W. Florence Ave., Inglewood, CA 90301; (310) 412-8100, www.EmpowerRFE.com

Differential Amplifier Offers Unity Gain to 1 GHz

MODEL LTC6419 is a dual broadband differential amplifier with low input noise and gain-
bandwidth product of 10 GHz. It features unity-gain response past 1 GHz, with gain of 100 for

a 100-MHz bandwidth.The spurious-free dynamic range is 85 dB at 100 MHz while driving 2-V
peak-to-peak signals.The input voltage noise density is 1.1 nV/(Hz)0.5.The channel-to-channel
isolation is 95 dB at 100 MHz.The differential gain of each amplifier can be set with four external
resistors. The maximum gain is 400 for a bandwidth of 30 MHz.The dual differential amplifier,
which allows DC coupling, is available with different grades and operating femperature ranges
for different applications, including driving high-sample-rate analog-to-digital converters (ADCs). It is supplied in a 4 x 3
x 0.75 mm, 20-lead LQFN plastic package.

LINEAR TECHNOLOGY CORP. (NOW ANALOG DEVICES), McCarthy Blvd., Milpitas, CA 95035; (408) 432-1900, www.linear.com

LT | Eaus
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Ultra-Wideband
10 MHz to 13 GHz

Prog rammable

A TTENU/I TORS

010120dB 0.25dBStep 1MHz10 13GHz* 1023 9D

Features Perfect for...
¢ Models with attenuation range up to 30, 60, 63, 90, 95, 110 or 120 dB ¢ Fading simulators
¢ Choose from USB, Ethernet, RS232 and SPI control options * Handover system evaluation
¢ Use our software or yours! User-friendly GUI and DLLs included T o Automated test equipment
e Sweep or hop attenuation levels ¢ And MORE!

e Save and recall customized attenuation patterns
¢ Pocket-sized package, as small as 3.0 x 2.0 x 0.6”
¢ Now 16 unique models in stock, ready to ship!

* Specs may vary by model. See data sheets for specific model information.
T No drivers required. DLL objects for 32/64 bit Windows® environments using ActiveX® and .NET® frameworks.

Visit minicircuits.com for detailed model specs, application notes, and more! :
Place your order today and have them on your test bench as soon as tomorrow! msind

- - c- - ®
[ JMini-Circuits
www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
523 RevlL

> www.minicircuits.com/products/
b programmable_attenuators.shtml
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The best deal in town
. .. from ARRA. of course!

FIXED
ATTENUATORS
DC-18GHz

s Models to 535 dB
e SMA or |\|u' N econn.
o 50 W averagze maodels

Freq. Range Average Model No.
(GHz (Wi N Conn. aMA Conn

DC-18.0 N3412 -
4407 *
N4405 *
4425 Types N4410 *
Nd425 -
N4450 *

NI41Z Types

9412||&;qd-iﬂl Types & ] - (2.42")

Call (631) 231-8400 or
Fax (631) 434-1116

... the last word in variable attenuators

|_l.5 Harold Court * Bay Shore, N.Y. 11 TUﬁ_I

A The best deal in town

. . . from ARRA, of course!

Q‘i&‘iﬁﬁi’]ﬂGUIDE LOADS

* Low VSWR
* Fast delivery!

* WR281 thru WR62

Medium Fower High Power

Average (Wil  Model No AvErage (Wi Model No

1200 284-925 284920
1000 229-925 229920
50 187525

159-925
137-925

~ZERTERE

Call (631) 231-8400 or
Fax (631) 434-1116

.. the last word in variable attenuators
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The best deal in town

.+« from ARRA. of course!

BROADBAND
» COAXTAL
TERMINATIONS

DC-18 GHz model
50 W maolel
SMA or Type N conn.

Freq. Range Average
{GH ) wopr (W)
DC-T8.0 1
DC-12.4 2
DC-12.4 5
DC-12.4 10
nC- 8.0 25
DL- B0 50
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Don’t Settle for Average.

802.11 ac [
Final Exam

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
e
| Preamble & Training ———— 2 4 e 100,000 measurements/sec

ey CH1: 10 dB/di
Ik e VCent: -20.5 :Bm e 100 MHz Sample Rate

e Multi-channel synchronized measurements

1 For more information visit us at www.boonton.com
| Vo205 asm or call +1 973-386-9696.

S

V4 Wireless Telecom Group Boonton

Boonton Microlab Noisecom
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