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AHEAD OF WHAT’S POSSIBLE™

UNMATCHED
PERFORMANCE AND
SYSTEM-LEVEL
EXPERTISE FOR TODAY’S
ELECTRONIC WARFARE
APPLICATIONS

Work closely with Analog Devices
early in your design process to
optimize performance, increase
integration and advance
functionality. Our family of
high-speed converters delivers
best-in-class bandwidth, power
and dynamic range to help you
solve your toughest challenges
and ensure a competitive edge.

COLLABORATE.
INNOVATE.
ELEVATE.

000

#ADlahead

LEARN ABOUT OUR DEFENSE SOLUTIONS

analog.com/EW
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Amplifiers — Solid State

Attenuators — Variable/
Programmable

Couplers (Quadrature,
180° & Directional)

Detectors — RF/Microwave

DLVAs, ERDLVAs
& SDLVAs

DTOs, VCOs, PLO, DROs,
& Frequency Synthesizers

Filters & Switched
Filter Banks

Form, Fit, Functional
Products & Services

Frequency Discriminators
& IFMs

Integrated MIC/MMIC
Assemblies (IMAs)

1Q Vector Modulators
Limiters — RF/Microwave
Log Amplifiers

Millimeter Wave
Components
(Up to 50 GHz)

Miscellaneous Products
Monopulse Comparators

Multifunction Integrated
Assemblies (MIAs)

Phase Shifters & Bi-Phase
Modulators

Power Dividers/Combiners
(Passive & Active)

Pulse Modulators (SPST)

Rack & Chassis Mount
Products

Receiver Front Ends
& Transceivers

SDLVAs, ERDLVAs
& DLVAs

Single Side Band
Modulators

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

Systems — Fly Eye Radars

Threshold Detectors
USB Products

Planar Monolithics Industries, Inc.
Industry Leader in DLVAs, ERDLVAs & SDLVAs

PMI offers a variety of SDLVA's over the DC to 40 GHz frequency range with
high dynamic range, along with excellent temperature stability. Log Amplifi-
ers provide a limited RF output or CW Immunity, if required. PMI offers
many standard models with various options that are available at
http://www.pmi-rf.com/Products/SDLVA/features.htm

Model SDLVA-0R5G18G-50R-30DBM:

http://www.pmi-rf.com/Products/SDLVA/
SDLVA-0R5G18G-50R-30DBM.htm

Model SDLVA-18G40G-65-CD-292FF-A15:
http://www.pmi-rf.com/Products/dlva/
PLVA-500M18G-50.htm

Package Size:
3.2”x1.8” x0.4”

Package Size:
2.2”x1.5” x 0.4”

DC Voltage: DC Voltage:

+12to +15V @ 189 mA +12V @310 mA-12V
-12to-15V @ 95 mA @ 150 mA
Connectors: Connectors:

SMA Female 2.92mm Female

SDLVA-0R5G18G-50R-30DBM
0.5to0 18.0 GHz

SDLVA-18G40G-65-CD-292FF-A15
18.0 t0 40.0 GHz

Specification

Frequency Range

+2.0 dB Typ +2.5dB Max @ 25 °C

Flatness Measured 1.0 dB Measured +2.10 dB
VSWR 2.5:1 Max - Measured 2.47:1 2.5:1 Max - Measured 2.34:1
TSS -71 dBm Min - Measured -72 dBm -67 dBm @ 25 °C - Measured -68 dBm

Logging Range -70 dBm to 0 dBm -63 dBm to +2 dBm

25 mV/dB (£10%)

Measured 24.03 mV/dB 25 mV/dB Nom - Measured 24.4 mV/dB

Log Slope

+1.5 dB (-20 °C to +85 °C) Max
Measured +0.75 dB

+1.5dB @ 25 °C

Log Linearity Measured +1.27 dB, -1.48 dB

0 VDC to 2.2 VDC into a 50 Q Load

Video Output Range 0to 2.5V (50 Q minimum load)

Measured 325 mV to 2.1 VDC

Model SDLVA-218-60-70MV-CW:
http://www.pmi-rf.com/Products/SDLVA/
SDLVA-218-60-70MV-CW.htm

Package Size:

3.5” x2.5” x 0.5”
DC Voltage:
+15VDC @ 320 mA
-15VDC @ 10 mA
Connectors:
2.92mm Female

Model SDLVA-50M18G-70:
www.pmi-rf.com/Products/SDLVA/SDL-
VA-50M18G-70.htm

Package Size:

2.30” x 2.20” x 0.40”
DC Voltage:

+12to +15V @ 134 mA
“12to -15V @ 111 mA
Connectors:

SMA Female

SDLVA-218-60-70MV-CW
2.0 to 18.0 GHz (CW Immune)

SDLVA-50M18G-70
0.05 to 18.0 GHz (CW Immune)

Specification

Frequency Range

Flatness +2.0 dB Typ - Measured +1.9 dB +2.0 dB Max - Measured +1.4 dB
VSWR 1.5:1 Max - Measured 1.18:1 2.0:1 Max - Measured 1.74:1
Tss -66 dBm for 10 MHz Video Bandwidth -70 dBm Typ - Measured -72 dBm

Measured -66 dBm
-60 dBm to 0 dBm

70 mV/dB Nom - Measured 70 mV/dB
into a 75 Q Load

-70 dBm to 0 dBm Min
25 mV/dB (+5%) @ 50 Q Load
Measured 25.43 mV/dB

+1.75 dB (-65 to 0 dBm) Max
Measured +0.88 dB

Logging Range

Log Slope

Log Linearity +0.5 dB - Measured +0.4 / -0.35 dB
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When your measurement
depends on controlling light.

FormFactor probing strategies for Silicon
Photonics provide a new dimension to wafer
test methodologies.

Silicon Photonics (SiPh) is providing new possibilities in data rates,
scalability and energy efficiency. FormFactor has developed hardware
and test methodologies for SiPh to meet the challenge when optical
fibers must be precisely aligned to couple light in and out of a wafer
without physical contact.

Find out how you can put FormFactor’s expertise in Silicon Photonics
test to work as you bring your products from the lab to the fab.
Visit www.formfactor.com/go/siph

@ ORMFACTOR™

Test insight from lab to fab.
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Model # Frmn:{ezn]cy [dg;;m:on Loss : G;“blz‘l';d; Phase Unbalance Isolation VSWR \Ilnput Power . Package
WMEIO | i Mgy | (©29)TyMax] | (68) [Ty Min) (Typ) (Watts) [Max)

2-WAY

CSBK260S 20- 600 0.28/04 0.05/04 0.8/30 5/20 1151 50 an
DSK-7298 800 - 2200 05/08 005/04 112 25/20 1.31 10 215
DSK-H3N 800 - 2400 05/08 025/05 14 23/18 15:1 30 20
P2D100800 1000 - 8000 06/11 005/0.2 112 2/22 121 2 329
b s e —
DHKHIN 1700 - 2200 0.3/04 01103 113 20/18 131 100 220
P2D180800L 1800 - 9000 04108 005102 112 123 1.21 2 3
DSK180900 1800 - 9000 04108 005/0.2 112 s 1.21 20 a1
3-WAY

S3D1723 | tr00-2300 | 02035 | 0306 | 213 [ 2 [ 13 | 5 IET
4-WAY -

csDkaioos | a0-100 | o074 | o002 | oaja0 | B | 11611 | 5 1695

= With matched operating conditions

HYBRIDS

Model # Frequency Insertion Loss S;gp;:;t Ur‘PhTI::oe Isolation VSWR Input Pawer Package
i (MHz) (dB) (TypMax] 0 | o et Deq) [TypMax] | (0B) (Typin] (Typ) (Watts) [Max.]
90°
D0S-30-90 30-90 0.3/06 08/12 113 23/18 1.351 25 1025LF
= 30- 110 05/08 06/0.9 113 30/20 1.30:1 10 1028LF

DQS-30-450 30-450 | 1217 s | a6 | 2318 | 1404 5 1 ozt
DOS-118-174 18-174 | 03/08 0411 113 23118 1351 2% 1025LF
DQKE0300 800 - 3000 | 0.2/04 05/08 215 20/18 1.30:1 40 113LF
MSQ80300 800-3000 |  02/04 05/08 205 20118 1.30:4 40 325
DQK100800 _ 1000-8000 0.8/16 i 1116 Al 174 I 2120 |12 40 I 326
MSQ100800 1000 - 8000 08/1.5 1116 | 114 22/20 1.20:1 40 346
MSQ-8012 800 - 1200 0.2/03 02104 213 22118 1.20:1 50 226
180° { 4-PORTS )
DJS-345 | 30- 450 | omin2 | 0.3/08 2504 23/18 | 1251 | 5 | 301LF-1
ol ex }

Model# thﬁﬁw [uc;u[;;:ri] Flﬁzgls n[g B) f:;l.a}ﬂ‘l;: JIF::: i tdB?"[l'el'c\::..:gin.} tlenar:':tj Tﬂ::[; - Package
KFK-10-1200 10- 1200 4010 15 0.4/05 22/ 14 150 376
KDS-30-30 30- 512 275208 £0.75 0.2/0.28 23115 50 255°
KBS-10-225 225- 400 105210 105 06/07 25018 50 255°*
KDS-20-225 225 - 400 20210 0.5 0.2/04 25(18 50 255°*
KBK-10-225N 225 - 400 | 10.541.0 +0.5 06/0.7 25118 50 10N *
KDK-20-225N. 225-400 20410 +05 0.2/04 25118 50 10N *
KEK-T04H 850-960 | 304075 +0.25 008102 36130 500 207
5CS100800410 | 1000 - 8000 | 105415 +2.0 12118 &15 25 381
KBK100800-10 1000-8000 | 105215 | 20 T 12018 85 ] 2% ' 322
SCS100800-16 1000 - 7800 16.8+1.5 128 07/1.0 1475 25 val
KDK100800-16 1000 - 7800 | 16.81.5 +28 07/1.0 1415 25 322
SCS100800-20 1000 - 7800 | 20520 +20 045/075 1215 25 kval
KDK100800-20 1000 - 7800 205220 +2.0 1415 25 322
KEK-A317 13000 - 17000 3010 05 W05 3 |

* Add suffix - LF to the part number for RoHS compliant version. Unless noted, products are RoHS compliant.
= With matched aperating conditions
MUIRNIEWANER Phone: (973) 881-8800 | Fax: (973) 881-8361
S B\ 1 %M\ | E-mail: sales@synergymwave.com
AP A RNYL 1 \\° )] Web: WWW.SYNERGYMWAVE.COM

MICROWAVE CORPORATION Mail: 201 McLean Boulevard, Paterson, NJ 07504
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Check this out ...
RF Signal Generators

just became affordable!

* 2GHz, 4 GHz & 6 GHz models
« Excellent phase noise

« AM, FM, ®M, PM & sweeps

» Square wave clock outputs

« Ethernet, GPIB & RS-232

DemoDirect
Free 30 day trial
Call (408)744-9040

5G382 ... DC to 2GHz

- $3900

SRS Stmlford Research Systems Tel: (408)74



http://www.thinkSRS.com

March 2018 VOLUME 57, ISSUE 3 M icroques & RE

IN THIS ISSUE

FEATURES

27

34

38

42

72

Filters that Use Resonators with DMS Can Produce
Optimal Results

Designing distributed filters that incorporate resonators with defected
microstrip structures (DMSs) can help combat spurious passbands.

Pursuing the Paths of EM Propagation

Propagation of electromagnetic (EM) energy, which involves a number of
different paths from start to finish, makes possible many of the applications
for RF/microwave signals.

NI Answers the Call for Flexibility with Automated

Test Software
The latest release of the LabVIEW NXG software provides test engineers with

a new feature that allows them to configure test system hardware in less
time. On top of that, the new release also enables users to build web-based
user interfaces (Uls) based on standard web technologies.

CRLH TLs and SIRs Lead to the Incredibly Shrinking
Antenna

The use of CRLH transmission lines and stepped impedance resonators (SIRs)
on low-cost circuit materials delivers highly selective single- and dual-band
antennas a fraction the size of conventional components.

Over-the-Air TV Gets a Makeover

ATSC 3.0 isn't a tweak: It's a complete transformation that combines
over-the-air content up to 4K UHD with streaming content from broadband,
along with high-def audio, interactive features, and lots more.

PRODUCTS & TECHNOLOGY NEWS & COLUMNS

76

80

81

82

Multi-Technology Circuit and 10 ON MWRF.COM
EM Simulation, Part 1
13 EDITORIAL
Plug-In Sensor Measures Peak Don’t Overlook These
and Average Power to 8 GHz Events Before IMS

Can S-SIX Technology Make Full- 18 NEWS
Duplex Communication a Reality?
24 R&D ROUNDUP
What Makes Ka-band Systems
Tick? 70 APPLICATION NOTES

defense 88 ADVERTISERS INDEX
electronics

Starts on page 49

87 NEW PRODUCTS

JOIN US ONLINE

[, follow us @MicrowavesRF

become a fan at
facebook.com/microwavesRF

GO TO MWRF.COM 5


http://twitter.com/MicrowavesRF
http://facebook.com/MicrowavesRF
http://mwrf.com

//@j\\\\\ 3 Communicatio
= Systems

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

3H Nano-Filters
smallest custom filter
on the market today!

FEATURED RF FILTER SOLUTIONS:

DEFENSE | TELECOM | SECURITY | TRANSPORTATION | AEROSPACE | MEDICAL

Passive Intermodulation Filters Nano Filters Ceramic Filter
for Distributed Antenna Systems Down to 0.059” profiles reduced footprints & low profiles

//L’a vity Filters Switch Filter Banks = Duplexers
multiplexers and multi-functions assemblies ranging from 40 MHz to 18 GHz for Distributed Antenna Systems

CONTACT US TO DISCUSS YOUR APPLICATION

3H COMMUNICATION SYSTEMS

www.3HCommunicationSystems.com | Telephone: +1 949 529 1583
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GORE-FLIGHT™ Microwave Assemblies, 6 Series are ruggedized,
lightweight and vapor-sealed airframe assemblies that withstand
the challenges of aerospace.

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

for military and civil aircraft operators.

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

7l

Creative Technologies
Worldwide

4 lightweight
GORE, GORE-FLIGHT, the purple cable and designs are trademarks of W. L. Gore & Associates. Follow us on % g
_—
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350 kW CW Spoken Here

At Delta-Sigma, Inc., home of the world’s most
powerful solid-state RF power amplifiers since 1995

Delta-Sigma, Inc. has been building
state-of-the-art high-power RF amplifiers since
1995 and has been setting new benchmarks
along the way. Today we offer complete com-
pact turnkey systems from 1 kW to 350 kW CW
or pulse (the highest in the industry) with ex-
ceptional linearity, efficiency, and ruggedness.

For example, NASA's new 250-kW Doppler radar
wind profiler at Kennedy Space Center provides
critical pre-launch wind data up to 60,000 ft.
and was designed and built by Delta-Sigma, Inc.
It's the only such system in the world to be
powered by RF power transistors.

Delivering capability like this requires teamwork
and partnership, something Delta-Sigma, Inc. is
proud of and offers every customer, large or
small. So whether you're making the transition
from vacuum tubes to solid-state, need 1-kW
solid-state amplifiers for battlefield radios, or a
complete high-power system for radar, EW, sci-
entific, or industrial applications, Delta-Sigma, Inc.,
can build a custom solution that meets or
exceeds your requirements.

PLEASE CONTACT US TODAY
WITH YQUR DESIGN REQUIREMENTS!
(951) 343-4005 or sales@111rfpower.com

This Centurion 250-RW solid-state system powers NASA's
new Doppler Radar Wind Profiler at Cape Kennedy's launch facility.

DELTA
SIGMA Inc.
DELTA-SIGMA, INC,, 6690 DOOLITTLE AVE., RIVERSIDE, CA 92503 | (951) 343-4005
www.111rfpower.com
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New! Compact 2-kW CW PA

The THEIA-H is the industry’s smallest, lightest,
best-performing 2- kW ampllfler caverlng 1.5 to 30 MHz.

The new THEIA-H from
Delta-Sigma, Inc. is our latest

achievement in delivering high power

and superb performance in a8 small
package. Measuring only 4U high
including the power supply and
weighing only 57 Ib., it delivers 2 kW
CW from 1.5 to 30 MHz with 57%
AC-to-RF efficiency. The THEIA-H is
extremely rugged and designed for
military communication systems
including QPSK, GMSK and OFDM,
meteor scatter, and airborne
platforms to 30,000 ft., as well as
test systems and HF radar.

The amplifier has the high linearity
required for digital modulation, a
linearity-controlled loop for less
than 0.5 dB compression at rated
power, 38 hot-swappable amplifier
module that weighs only 29 Ib., and
total weight of 57 Ib. Extensive pro-
tection circuits are included and full
control and monitoring are available

via RS-232, RS-485, or Ethernet. **Can
be upgraded to operate up to 45 MHz.

Frequency range (MHz
RF output, CW (kW
THD, 5 to 90% modulation (%
Gain (dB
AC-to-RF efficiency at rated power (%
Noise floor in transmit-disable mode (dBm/Hz

)
)
)
)
)
)

Harmonic suppression (dBc)

Spurious rejection (dBc)
Third-order IMD (dBm)
Input/output return loss (dB)
Phase flatness (=2 MHz BW) (deg)
Maximum duty cycle (%)

Maximum VSWR

TX/RX isolation (option)(dB)

RX/TX switching time (option) (us)
Prime power (VAC)
Control/Monitoring

Altitude (ft.)

Dimensions (in. HWD)

Weight (Ib.)

Protection

Monitoring

1.510 30
1.8, 2 typical
<5

54

57

-173

-10 second order
-28 third order
-60 with filter

<-70

+75

22/16

<1

100

2:1, 30:1 with foldback

60

5, 2 typical

85 to 265

RS-232 or RS-485, Ethernet

30,000

7x19x20. Amplifier 5.25 H , power supply 1.25 H
Amplifier (29), total (57)

Thermal overload, over/under voltage,
temperature, fan

Forward/reflected power, gain,
temperature, hours of operation, fan
status, filter selection, BIT status, others

PLEASE CONTACT US FOR ADDITIONAL INFORMATION
(951) 343-4005 | www.111rfpower.com

DELTA

SIGMA Inc.
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ON MICROWAVES&RF.COM

Satellites Provide Distant
Connections

The growing number of artificial satellites—notably those
with low earth orbits—is a sign of the essential roles that they
will play in many emerging communications applications,
including IoT, 5G, and connected cars.

http://www.mwrf.com/systems/satellites-provide-distant-
connections

Reducing Time-elay
Interference in Mission-
Critical Situations

While time-delay interference (TDI) is a necessary evil when
it comes to public safety communications, its effects can be
reduced by utilizing several best practices. This article first
explains what TDI is before presenting some approaches that
can help to overcome it.

http://www.mwrf.com/systems/reducing-time-delay-
interference-mission-critical-situations

10

Cmparing Narrowband and
Wideband Channels

Narrowband and wideband communications channels make
use of available bandwidth in different ways—so employ them
according to the requirements of a particular application.

http://www.mwrf.com/systems/comparing-narrowband-and-
wideband-channels
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Gét Your Hans Dirty h
These VNA Tools

Traditionally built in the form of a large box that combines
both measurement and display capabilities, the vector network
analyzer is in the process of being redefined. While traditional
VNA: s are not likely to disappear anytime soon, some of today’s
VNA s are being built in smaller portable sizes.

http://www.mwrf.com/test-measurement/get-your-hands-dirty-
these-vna-tools

twitter.com/MicrowavesRF  facebook.com/microwavesrf
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LTC5596

40GHz PRODUCTS
www.linear.com/LTC5596
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Editorial
CHRIS DeMARTINO | Technical Editor

chris.demartino@informa.com

Don't
Overlook
These

Events
Before IMS

As the time for this year’s International Microwave
Symposium (IMS) draws near, several shows leading up
to it may also pique your interest.

s most reading this already know, the IEEE International Microwave

Symposium (IMS) is the flagship event of the RF/microwave industry

each year. This year’s version, which will take place in Philadelphia this
June, promises to be no different. However, before IMS gets underway, several events
scheduled for the month of April may be worthy of your attention.

For one, those in the Long Island area may want to check out the Long Island RF/
Microwave Symposium & Exhibits on Thursday, April 5th. It will take place at the
Radisson Hotel in Hauppauge, N.Y. from noon to 8 p.m.

The show will consist of an exhibition and several technical lectures. Registered
attendees will receive admission to the exhibit floor, technical lectures, and compli-
mentary networking lunch and dinner. The first 200 registered attendees will also
receive a complimentary swag bag that contains gifts from the exhibitors.

Another event to take note of is the 2018 IEEE Wireless and Microwave Tech-
nology Conference (WAMICON 2018), which will convene April 9th and 10th at
the Sheraton Sand Key in Clearwater Beach, Fla. The central theme is “mm-Waves
and Internet of Things (IoT) for Commercial and Defense” Among the highlights
of WAMICON 2018 are two plenary presentations and a workshop on additive
manufacturing. There’s a session on RF/microwave education titled “RF/Microwave
Education: Where are we headed?” Also on tap are a poster session and a young pro-
fessionals workshop.

Not to be outdone, the fifth annual Brooklyn 5G Summit will take place April
24th-27th at the NYU Tandon School of Engineering in Brooklyn, N.Y. Its focus is
“overall 5G system design across the entire spectrum range, progress in 5G channel
modeling, and 5G regulatory aspects” In addition, the 5G Summit will examine
“concrete use cases for 5G in the evolving IoT space.” Several keynotes and panel
sessions, in addition to exhibits, are among the highlights. Exhibiting companies
include Keysight Technologies, National Instruments, and Rohde & Schwarz.

While the industry prepares for IMS in June, these events in the interim during
April have lots to offer. And then before you know it, IMS will be right around the
corner! [

GO TO MWRE.COM

LOW LEAKAGE
LEVEL LIMITERS

{Leakage Level as low as -10 dBm)

0.01 - 18 GHz

. Maximum Input Power 1W CW,
100 W Peak
. Options for Leakage Levels
=10 dBm
- 5dBm
0 dBm
+ 5 dBm
. Removable connectors for
circuit board assembly

. Ideal for LNA Protection

e | NOMNAL! | TYPCAL! | TyprcAL’
WODEL | o | LEAKAGE | LEAKAGE | THRESHOLD
ok | UL | LBEL | LEL
(dBm) {dBm) (dBm)
LLot104 1 1
L0002 o .6
Lootfos | PO1-12 | g A
LLoot104 +5 +4
L0120 T T
L1202 5 %
Lofos | M1-20 [ a4
| Lot +5 |
| LL2usa w0108 a0 |
o2 | 2.1 5100 | .5
L2083 0T+ 0
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| POWER
& SPLITTERS/
COMBINERS

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

COVERING 10 to 40 GHz
IN A SINGLE MODEL
2-WAY ZN2PD-K44+
4-WAY ZN4PD-K44+
8-WAY ZN8PD-K44+

The industry’s largest selection includes THOUSANDS

of models from 2 kHz to 40 GHz, with up to 300W power

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

housings for 50 and 75Q2 systems.

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

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

Need to find the right models fast? Visit minicircuits.com and use Yoni2®!
[t's our patented search engine that searches actual test data for the models
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OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. Freq 6z Gain (@) MIN  Noise Figure (d8)  Power-out@Pid8  3rd Order ICP
CAO] 2110 0.5-1. 28 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm
CA12-2110 1.0-2.0 30 10MAX 0.7 TYP +10 MIN +20 dBm
CA24-2111 2.0-4.0 29 1.1 MAX, ‘0.95TYP  +10 MIN +20 dBm
CA48-2111 4.0-8.0 29 B3 MAX 1.0 TYP +10 MIN +20 dBm
(CA812-3111 8.0-12.0 27 1 6MAX 1.4 TYP +10 MIN +20 dBm
(A12184111 12.0-18.0 25 1 9MAX 1.7 TYP +10 MIN +20 dBm
(A1826-2110  18.0-26.5 32 3.0 MAX 25TYP  +10 MIN +20 dBm
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4-0.5 28 0.6 MAX, 0.4TYP  +10 MIN +20 dBm
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4TYP  +10 MIN +20 dBm
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4TYP  +10 MIN +20 dBm
CA23-3111 22-2.4 30 0.6 MAX, 0.45TYP  +10 MIN +20 dBm
(A23-3116 2.7-2.9 29 0.7 MAX, 0.5TYP ~ +10 MIN +20 dBm
(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20 dBm
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20 dBm
CA78-4110 7.25-7.75 87 1.2 MAX, 1.0 TYP +10 MIN +20 dBm
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20 dBm
CAT13153110  13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20 dBm
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0TYP  +33 MIN +41 dBm
(A34-6116 3.1-3.5 40 4.5 MAX, 3.5TYP  +35 MIN +43 dBm
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0TYP  +30 MIN +40 dBm
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5TYP  +30 MIN +40 dBm
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0TYP  +33 MIN +41 dBm
CA1213-7110 12.2-13.25 28 6.0 MAX, 5.5TYP  +33 MIN +42 dBm
CA1415-7110 14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm
CA1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31 dBm
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (6Hz)  Gain (@) MIN  Noise Figure ()  Power-out@Pids  3rd Order ICP
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN +20 dBm
CA0106-3111 0.1-6.0 28 1.9 Max, 1.5 TYP +10 MIN +20 dBm
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20 dBm
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32 dBm
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5TYP  +30 MIN +40 dBm
CA26-3110 2.0-6.0 26 2.0 MAX, T.5TYP  +10 MIN +20 dBm
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5TYP  +30 MIN +40 dBm
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5TYP  +23 MIN +33 dBm
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5TYP  +30 MIN +40 dBm
(A218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP  +10 MIN +20 dBm
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30 dBm
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm
LIMITING AMPLIFIER
Model No. Freq GHz  Input Dynamic Range  Output Power Range Psat  Power Flatness dB
CLA24-4001 2.0-4.0 -28 t0 +10 dBm +7 to +11 dBm +/-1.5 MAX
(LA26-8001 20-60  -50to+20 dBm +14 10 +18 dBm +/-1.5 MAX
CLA712-5001 7.0-12.4 -21 0 +10 dBm +14 to +19 dBm +/-1.5 MAX
(LA618-1201 6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq G Gain (d8) MIN  Noise Figure @)  Power-out@P1d8 Gain Attenuation Range
CAQ01-2511A  0.025-0.150 21 5.0 MAX, 3.5TYP  +12 MIN 30 dB MIN
CA05-3110A 0.5-5.5 23 2.5 MAX, T.5TYP  +18 MIN 20 dB MIN
CA56-3110A  5.85-6.425 28 2.5 MAX, T.5TYP  +16 MIN 22 dB MIN
CA612-4110A 6.0-12.0 24 2.5 MAX, T.5TYP  +12 MIN 15 dB MIN
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN
CA1518-4110A 15.0-18.0 30 3.0 MA)(, 20TYP  +18 MIN 20 dB MIN
LOW FREQUENCY AMPLIFIERS
Model No. Freq (6Hz)  Gain @B) MIN  Noise Figure dB  Power-out@pids  3rd Order ICP
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20 dBm
CA00T-2211  0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23 dBm
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33 dBm
CA001-3113  0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm
CA002-3114  0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30 dBm
CA003-3116  0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35 dBm
CA004-3112  0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25 dBm
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An Obstacle Course Ahead

for 5G Technology

n December, the 3GPP published the first draft of the 5G

New Radio standard. It is an important first step toward
5G communications, but not all carrier equipment following
the standard will automatically and consistently link to all
smartphones and other devices. It’s not that easy.

This is where test equipment companies can flex their mus-
cles. Austin, Texas-based National Instruments recently col-
laborated with Samsung on interoperability testing, which is
critical piece of preparation for 5G. The firm developed test
equipment that can be programmed to act like smartphones
or other devices and used to test Samsung’s commercial 5G
base stations.

“With any new standard, there are lots of questions,” said
James Kimery, director of wireless research and software-
defined radio marketing for National Instruments. “An engi-
neering team takes a 2,500-page document, implements it,
and connects to a network first try? That will never happen.”

The wireless industry is going to expunge ambiguous lan-
guage and other errors from the standard - the Non-Stand-
alone 5G standard, not Standalone 5G - over the next two
years. But mistakes could be missed without systems from the
likes of National Instruments, Keysight and Rohde & Schwarz
to check out commercial base stations.

National Instruments showed Samsung’s 28 GHz base sta-

18

tion communicating over the air with its test equipment at
Mobile World Congress last month. The device links to the
base station and then validates that the downlink function-
ality and performance are in line with the 3GPP standard.
Samsung’s hardware uses a MIMO configuration with two
transmit and two receive antennas.

Any changes to the standard would probably affect how
devices connect to a network, Kimery said. The physical layer
of the standard is probably finished, and that explains why
companies like Intel, Qualcomm, Qorvo and Skyworks Solu-
tions have already announced 5G modems and other compo-
nents for phones.

National Instruments also recently released a 5G reference
test solution by updating the software that runs in its PXIe-
5840 vector signal transceiver. The VST system provides 1
GHz of instantaneous bandwidth for testing power amplifiers
and other parts operating in sub-6 GHz spectrum, the same
range of frequencies used in 3G and 4G networks.

Jason White, director of RF wireless test for National Instru-
ments, said that the PXI-based system would help customers
make quicker, more precise measurements. Before the 5G
standard was published, many companies were guessing how
5G would work. And they had to generate custom waveforms
based on these guesses to test 5G parts.

MARCH 2018 MICROWAVES & RF



Qorvo used National Instruments’
system to test its first front-end mod-
ule for 5G smartphones, which com-
bines a power amp and low noise
amplifier operating at 3.4 GHz into a
single package. The companies collab-
orated on a test demonstration at the
Global TD-LTE Initiative Workshop
last month.

The biggest challenge for hardware
vendors is to balance the wide band-
width and high efficiency requirements
of 5G, White said. There are also test and
measurement challenges “because if you
are designing a part with 100 MHz of
bandwidth, you need a test system with
three to five times the bandwidth to test
pre-distortion conditions, which is how
you measure linearity,” he added.

5G technology will use both low and
high frequencies. The 28-GHz spectrum
has rarely been used before for commu-
nications, so it will have greater capacity
than lower bands. But these millimeter
waves have more limited uses because
they can be blocked by buildings and
absorbed by air over long distances.

That has upended how the engineers
go about testing, White said. Instead of
using emulators to digitally simulate
how millimeter waves will propagate
through an environment, companies
are going right to expensive, over the air
tests. It is not clear that an inexpensive
emulator for millimeter waves can be
built. The technology used to steer them
around obstacles is just too complex.

National Instruments says that it has

taken steps to lower the cost of testing,
but many other challenges stand in the
path of widespread 5G. It is significantly
more complex than 4G technology, and
the switchover to the new standard will
not happen overnight in 2020 (when
most wireless carriers want to roll out
service).

“With every wireless standard, the
whole specification doesn’t get imple-
mented on the first try. There is proba-
bly not one base station in the world that
is compliant with the latest LTE release. I
just don't believe it,” Kimery, the wireless
research director for National Instru-
ments, said.

“But we're going to make it work,”
Kimery said. “And when I say we, I mean
the collective industry” B

BROADCOM RECOILS After Qualcomm Raises Offer for NXP

BROADCOM RATCHETED DOWN its $121 billion offer for Qualcomm,
which recently raised its $47 billion offer for NXP Semiconductors,
putting another twist into Broadcom’s attempt to become the third
largest chip supplier in the world. Broadcom said Wednesday that it
is now willing to pay around $116 billion for Qualcomm.

Broadcom is offering $79 per share for Qualcomm, down from
$82 per share. The $79 per share offer only returns to the previous
level if Qualcomm cannot complete the NXP deal. The company also

GO TO MWRF.COM

said that it would still include an $8 billion breakup fee to calm Qual-
comm’s nerves about a Broadcom deal being blocked by regulators.

The announcement came a day after Qualcomm offered to pay
$54.5 billion instead of $47 billion for NXP. The acquisition has been
the subject of skepticism from NXP shareholders and harsh scrutiny
from antitrust agencies around the world. Industry analysts viewed
the offer as a severe blow to Broadcom’s chances to take over
Qualcomm.

(Continued on page 22)
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STMICROELECTRONICS BROADENS Bet on Power Amplifiers

THE SUN IS SETTING slowly on laterally diffused metal oxide semi-
conductors, which are still widely used in power amplifiers embed-
ded in cellular base stations. Even though gallium nitride is prying
into its market share, LDMOS is still cherished for its high voltages,
high efficiency and relatively low cost.

That is the reason why STMicroelectronics recently agreed to
license it from Innogration Technology, a chip supplier based in

Suzhou, China. The agreement gives it the right to manufacture
products for markets ranging from the industrial to medical to
aerospace to wireless infrastructure. The terms were not dis-
closed.

STMicroelectronics has been striking deals to expand into RF
power amplifiers. The company has agreed to manufacture GaN
layered on thin slabs of silicon as a second source for Macom Tech-
nology Solutions. It is staying out of the
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SIGNAL SOURCES

QUICKSYN SYNTHESIZERS

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

frequency range, and small footprint.

ni-microwavecomponents.com/quicksyn
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market for telecom equipment but target-
ing applications like industrial heating and
spark plugs.

Over the next decade, these applica-
tions could add hundreds of millions of
dollars to the market for power amplifi-
ers. Major LDMOS suppliers like Ampleon,
NXP Semiconductors and Infineon are
putting out chips based on gallium nitride
that can be used in next generation base
stations as well as ones that can concen-
trate radio waves into beams hot enough
to cook food and power light bulbs.

In 2015, LDMOS represented half of
the $1.5 billion market for power ampli-
fiers used in applications that exceed three
watts, excluding smartphones, accord-
ing to market research firm Yole Devel-
oppment. The RF power semiconductor
market is forecast to grow to $2.6 billion
over the next four years, but the market
share of LDMOS technology is expected
to fall to 25% over the same span.

Industry analysts say that the technology
is losing its luster to gallium nitride tech-
nology, which can handle higher voltages
and hotter temperatures and could be used
in a new generation of 5G equipment. In
2022, these gallium nitride power amplifiers
will have 40% market share, according to
Yole Developpment. An estimated 35% of
the market that year will be sales of chips
based on gallium arsenide, or GaAs.

Many companies have been claw-
ing and scratching to plunder part of
the market for gallium nitride. Infineon,
for instance, was unable to complete its
acquisition of Wolfspeed, Cree’s power
and radio frequency division, for $850 mil-
lion. The company also stumbled into a
lawsuit with Macom, which accused it of
infringing upon several key patents for gal-
lium nitride. M
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(Continued from page 19)

On Wednesday, Qualcomm said in a
statement that “Broadcom’s reduced pro-
posal has made an inadequate offer even
worse despite the clear increase in value
to Qualcomm stockholders from provid-
ing certainty around the NXP acquisition.”
Broadcom has previously said that $82 per
share was its “best and final” offer.

This is the second time that Broadcom has
amended its offer since it originally pledged
to pay around $105 billion for Qualcomm,
which has been battered in recent years by
legal battles with Apple and regulators threat-
ening to hurt licensing business. Hock Tan,
Broadcom’s chief executive, has argued that
he can smooth out these wrinkles.

Qualcomm’s board unanimously rejected
the $105 billion bid. In response, Broadcom
sparked a hostile takeover of Qualcomm’s
board. Broadcom’s next move was to raise
its bid to $121 billion, which was rejected
last week after the board of both compa-
nies met. If Qualcomm had taken the deal,
it would not have been allowed to sweeten
the NXP deal.

The advisory firm Institutional Share-
holder Services recommended in a recent
report that Qualcomm shareholders vote for
four of the directors that Broadcom nomi-
nated for election at Qualcomm’s investor
meeting next month. That would fall short
of the number that Broadcom needs to
push through a hostile takeover, but it could
prompt more negotiation.

Broadcom said in a statement that Qual-
comm should have followed the advisory
firm’s advice. “Instead Qualcomm’s board
acted against the best interests of its stock-
holders by unilaterally transferring excessive
value to NXP’s activist stockholders,” the
company said.

“Broadcom has refused and continues
to refuse to engage with Qualcomm on
price,” Qualcomm riposted in its Wednes-
day statement. Qualcomm has argued that
all of Broadcom'’s bid ignores the growth
potential of markets for 5G wireless tech-
nology, the Internet of Things, and automo-
tive — markets that both Qualcomm and
NXP are chasing. B

IN REVERSAL, WOLFSPEED BUYS Infineon’s Radio

Frequency Power Business

LAST YEAR, INFINEON agreed to pay $850
million for Cree’s power and radio frequen-
cy business unit, Wolfspeed. But American
officials refused to approve the deal and,
after weakly toying with fixes and compro-
mises, Infineon waved the white flag and
pulled out of the deal.

Now both companies have hammered
out a deal in the opposite direction, follow-
ing Cree’s vow to aggressively invest in its
Wolfspeed business through the end of the
decade.

On Tuesday, Wolfspeed said that it had
acquired Infineon’s radio frequency power
business for about $430 million, bolstering
its catalog of power amplifiers used in wire-
less infrastructure and radar. That includes
chips manufactured with gallium nitride lay-
ered onto silicon carbide to handle the wider
bandwidths and higher frequencies of 5G.

“The acquisition strengthens Wolfspeed’s
leadership position in RF GaN-on-SiC tech-

nologies, as well as provides access to addi-
tional markets, customers and packaging
expertise,” said Cree’s chief executive Gregg
Lowe in a statement. The deal “positions
Wolfspeed to enable faster 4G networks and
the revolutionary transition to 5G.”

The deal encompasses Infineon’s factory
for LDMOS and GaN technologies located
in Morgan Hill, California. The facility also
includes packaging and test operations.
Wolfspeed will also take on around 260
employees from the Neubiberg, Germany-
based Infineon, including more than 70
engineers.

For Wolfspeed, which generated $221
million of revenue last year and has shipped
more than 15 million devices since Cree
began targeting compound semiconduc-
tors at applications other than lighting, Infi-
neon’s business is expected to add $115
million to its balance sheet in the first twelve
months after the acquisition. M
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R&D Roundup

Si CMOS TRANSMITTER Tackles 90 to 105 GHz

he race to develop millimeter-wave devices for short-

range wireless communications applications typically

starts with an advanced semiconductor process based
on compounds such as gallium arsenide (GaAs) or gallium ni-
tride (GaN). But a growing number of investigators are find-
ing that a lower-cost silicon semiconductor process, comple-
mentary metal oxide semiconductor (CMOS) technology, is
quite capable of generating millimeter-wave signals. While
many of the advances in Si CMOS are motivated by the needs
of the cellular communications industry, many other indus-
tries can benefit from progress in this low-cost silicon transis-
tor technology, including for gas sensors and medical analysis.

To explore the possibilities of Si CMOS technology at
higher frequencies, researchers from the Jet Propulsion Labo-
ratory of the California Institute of Technology (Pasadena)
and the University of California at Los Angeles developed a
CMOS transmitter for a sub-Doppler spectroscopy system.
The fundamental frequencies produced by the CMOS trans-
mitter are generated by delta-sigma fractional synthesis. A
48-MHz reference frequency is used for the synthesizer, with
a 10-MHz atomic clock as the frequency standard. The syn-
thesized output signals from the CMOS source range from 46
to 53 MHz.

These signals are then fed to a custom CMOS multiplier
integrated circuit (IC), where the 1,920th harmonic is used
to lock a 90-to-105-GHz voltage-controlled oscillator (VCO)
in a type 2 phase-locked-loop (PLL) frequency synthesizer

architecture. The VCO output is then boosted by means of
a four-stage transformer-coupled power amplifier (PA) be-
fore being wire-bonded to WR10 rectangular waveguide for
transfer to millimeter-wave components, such as the W-
band pyramidal horn antenna used with the gas spectroscopy
system.

For gas spectroscopy applications (and many communica-
tions applications), modulation is required, and this CMOS-
based millimeter-wave source is capable of producing ampli-
tude modulation (AM) by means of a digital pulse generator
designed into the transmitter IC. In addition, by introducing
a time-varying sinusoidal signal to the 48-MHz reference sig-
nal, it is possible to generate frequency modulation (FM).

Admittedly, this millimeter-wave source delivers extreme-
ly low output power levels with such large multiplication fac-
tors, since the reference source itself is only provided a few
milliwatts of power. But the CMOS millimeter-wave source
achieves low phase noise in a region of —125 dBc/Hz offset 20
kHz from the carrier, measured at the 1,920th harmonic. The
experimental approach more than hints that silicon CMOS
may still have some ways to go in terms of output signal fre-
quency, if strategies can be developed to increase the ampli-
tude of the output signals without seriously degrading the
phase-noise performance.

See “Sub-Doppler Spectroscopy With a CMOS Transmit-
ter,” IEEE Transactions on Terahertz Science and Technology,
Vol. 8, No. 1, January 2018, p. 121.

CORRECTING FOR THE LOSS of Phased-Array Antenna Elements

PHASED-ARRAY ANTENNAS have become almost essential parts of
modern aerospace and defense radar systems. The multiple ele-
ments combine for high-speed and effective beamforming and
beam diversity, allowing a radar system to receive and transmit
advanced waveforms under a variety of operating conditions.
Unfortunately, those antenna array elements can fail, resulting in
some amount of degradation in the antenna pattern and the radar
system performance.

Researchers at KIIT University (BhuBaneswar, India) and the
Indian Institute of Technology (Roorkee, India) explored the use
of two algorithms—the particle swarm optimization (PSO) and
the bacteria foraging optimization (BSO) algorithms—to analyze
the effects of failed antenna array elements on the overall per-
formance of the antenna. The simplest form of analysis is an as-
sumption in the loss of amplitude from the failed element, but
without affecting the amplitude contributions of the other antenna
elements. As the researchers explain, the argument for replac-
ing the failed or partially radiating antenna element is not valid
in all cases.

24

In some cases, the original beam pattern can be resynthe-
sized by recalculating the excitations of the remaining working
antenna elements. Newer active phased-array antennas include
remote control of antenna element excitations, allowing for retun-
ing of the remaining elements for desirable antenna beamform-
ing. By applying the BSO and PSO algorithms and amplitude-
only method, the experimenters developed a relatively simple
technique for reconstructing a desired antenna pattern when
one or more antenna elements failed partially or fully.

They examined the sidelobe levels (SLLs) of different
phased-array antenna designs, using three different experi-
mental cases: restoration of the single null in a failed array,
restoration of a double null in a failed array, and restoration of
the broad/sector null in a failed array. The researchers found
the PSO approach to perform considerably better than the BSP
technique when correcting for the failure of antenna elements
in phased arrays.

See “Antenna Array Failure Correction,” IEEE Antennas &
Propagation Magazine, December 2017, p. 106.
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Special Report

JEFFREY KAHLER | Technical Director, Nuhertz Technologies
ALAN M. EGGER | Marketing Manager, Nuhertz Technologies
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Filters that Use Resonators
with DMS Can Produce
Optimal Results

Designing distributed filters that incorporate resonators with defected microstrip
structures (DMSs) can help combat spurious passbands. This article explains how

such filters can be efficiently designed with software tools.

uhertz Technologies
recently introduced a
feature in its FilterSolu-
tions program to sup-

he t filters utilizing defect-
ed microstrip structures (DMSs). When
used with AWR’s Microwave Office,
this new modeling capability makes it

possible for engineers to achieve accu-
rate synthesis of stripline, microstrip,
or suspended substrate filter designs
when using these resonators. FilterSo-
lutions not only enables the design of
these distributed-element filters, but the
software can also synthesize the design
of lumped-element, active, and digital
filters.

This article presents an example of a
hairpin resonator microstrip bandpass
filter. In this example, we will look at a
filter with unmodified resonators. We
will then modify the resonators to pro-
duce a T-shaped notch “defect” in the
conductors.

Figure 1 shows the hairpin example,
which illustrates the inherent problem
of distributed designs concerning fre-
quencies much greater than the design
passband frequency. With a design fre-
quency of 1 GHz, we see other spurious
passbands at 2 GHz and then again at 3
GHz. If we were to extend the frequen-
cy range being examined, we would
continue to see spurious passbands at
every multiple of the 1-GHz design fre-

GO TO MWRF.COM

1. The spurious passbands can be seen in

this FilterSolutions design interface.

quency. Although the natural parasitic
effects will suppress the passbands at
some point, the lower-frequency para-
sitic passbands would likely be a design
problem.

Our thanks to National Instruments’
AWR (www.awrcorp.com) design
group for the use of its Microwave
Office and AXIEM software tools in
the AWR Design Environment, as will
be noted.

A major advantage when using DMSs
in filter designs is that it can minimize
spurious passbands, or modes, in the
frequency response. Such designs are
often useful in wideband applications
that require suppression of frequencies
much higher than the passband.

The DMS resonators form a notch
inside the resonators of the main filter
that is tuned to a spurious frequency,
thereby suppressing the spur. Any spuri-

ous frequency may be targeted by the
DMS notch filter. FilterSolutions pro-
vides automated tuning for the first
spurious mode. The parasitic issues are
handled by adding transmission zeros to
the legs of the inductor sections.

Figure 2 shows the layout of a coupled
resonator section in the AWR Micro-
wave Office program. Here, we see an
example that has two embedded DMS
resonators tuned to the first spurious
frequency.

2. Shown are DMS notch resonators embed-
ded inside a coupled resonator section.

After designing the network in Fil-
terSolutions, the filter can be exported
to Microwave Office by using the AWR
Export Selections” control panel in Fil-
terSolutions. “Use DMS Resonators” is
selected in the dialog box (Fig. 3).

o] NI AR Design |
| s Environment

3. Designers can select “Use DMS Resona-
tors” from the FilterSolutions “AWR Export
Selections” control panel.
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he use of DMS resonators in filters can be contrasted with the
use of defected ground structures (DGSs). These structures
are also well-known and well-documented as a means for saving space

and minimizing spurious responses.

Spurious frequency suppression is best handled with fine
tuning in a good optimizer. A DMS will contribute its own
parasitics to the circuit. Therefore, the coupling between the
transmission line resonators needs to be optimized along
with the other optimization targets, taking these parasitic
responses into account.

FilterSolutions utilizes NI AWR software to further analyze
and optimize the synthesized design for rigorous circuit simu-
lation, electromagnetic (EM) analysis, and optimization. We
have used Microwave Office for circuit simulation and then
the AXIEM 3D planar simulator, another important tool in the
AWR Design Environment.

SIMULATION IN MICROWAVE OFFICE

The design can be exported to Microwave Office for initial
circuit simulation and optimization. Figure 4 shows the initial
DMS layout and simulation results. We can see that the first
spurious frequency response has been attenuated. In addi-
tion, the DMS parasitic effects have slightly altered the design
passband. We can then use the optimization capabilities of the
program to increase the spurious suppression and minimize
the parasitic effects on the passband.
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4. Shown are the initial DMS layout and simulation results.

After using Microwave Office with its efficient optimization
capabilities, we can see that the circuit response has greatly
improved (Fig. 5). The suppressed first spurious frequency
and main passband are now mostly within the S11 and S21
optimization goals.

EM ANALYSIS IN THE AWR AXIEM PROGRAM

To ensure full design accuracy, the DMS filter will be elec-
tromagnetically optimized using AWR’s AXIEM. This EM
solver offers the speed to support extraction optimization.
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5. The filter was optimized in Microwave Office to obtain the DMS
layout shown. The simulation results are also provided.

Figure 6 shows the results.

L =l

6. This figure depicts the DMS layout and response after optimiza-
tion with AWR’s AXIEM.

Aside from solving spurious response issues, the resulting
filter design may also yield other advantages for circuit pro-
duction. The design may help reduce the filter’s overall size by
removing otherwise needed circuitry required to limit spuri-
ous effects, thereby lowering overall product costs.

OTHER DMS DESIGNS AND COMPARISON TO
DEFECTED GROUND STRUCTURE DESIGNS

The use of DMS resonators in filters can be contrasted
with the use of defected ground structures (DGSs). These
structures are also well-known and well-documented as a
means for saving space and minimizing spurious responses.
However, a major disadvantage when using a DGS is it cre-
ates a notch in the ground plane that leads to EM radiation.
Thus, an elaborate and carefully constructed enclosure
would be required to defeat the generated EM interference.
The radiation would also likely add size and cost to the
circuit.
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In the case of a DMS-based design, we
can create a circuit in planar microstrip
without requiring additional via lines
to ground as compared to using con-
ventional lumped-element resonators.
In the 1-GHz filter example designed
for this paper, the conductors of the
DMS resonator sections are notched in a

T-shaped configuration (Fig. 7).

7. lllustrated here is a close-up view of the

resonators that shows the notches.

A review of recent literature includes
T-shaped notches (like our example),
but also more complex spiral,! and
G—Shaped2 notched resonators, as well
as arrays of DMS resonators (ADMS).3
These resonator structures are footnot-
ed and shown in Figures 8, 9, and 10,
respectively.

SUMMARY

The DMS resonator used in certain
classes of distributed element filters can
reduce filter complexity by working on
the parasitic issues that arise and are
seen in EM post-processing. The resul-
tant distributed planar resonator filter
can help to realize spurious-free wide-
band designs with commensurate size
and cost advantages. [
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Pursuing the Paths of
EM Propagation

Propagation of electromagnetic (EM) energy, which involves a number of different paths
from start to finish, makes possible many of the applications for RF/microwave signals.

igh-frequency electronic platforms, such as

RF/microwave communications and radar

systems, often rely on the propagation of elec-

tromagnetic (EM) energy from one location
to another, as well as back and forth between two locations.
James Clerk Maxwell is credited with a unified theory that
explains the propagation behavior of EM energy. Maxwell
noted the EM nature of light, and that light and EM energy
will travel through a vacuum with the same speed, ¢, known as
the speed of light (186,000 miles/s). EM energy will propagate
through other media, but at speeds less than c.

RF/microwave systems depend on the propagation of EM
energy or waves through certain materials to connect trans-
mitters with communications receivers and the reflection
from certain materials for radar systems to “illuminate” a tar-
get with EM energy. Understanding some of the basic propa-
gation effects for EM waves can help when designing and
planning for many high-frequency systems, even to the extent
of preventing EM interference (EMI) from disrupting the
proper operation of a nearby RF/microwave system. Review-
ing the basics of EM propagation may help.

A QUICK PRIMER ON EM PROPAGATION

EM propagation through space usually begins and ends
with some form of antenna. Many different types of antennas
are used at RF/microwave frequencies, from simple dipoles
to more complex arrays with multiple antenna elements.
However, the principles of operation are the same: to radi-
ate EM energy during transmission and collect the energy
from propagating EM waves and convert to voltage during
reception.

Transmit antennas are often referred to as point sources of
EM radiation, with the energy spreading out in all directions
from the point source. When measured at a considerable dis-
tance from the point source, the radiated energy will appear
to have the same power level or amplitude at all measurement
points along an apparent plane that is perpendicular to the
direction of travel for the radiated energy.

34

Radio waves travel from one ground-based antenna to
another with the velocity of light, another form of EM radia-
tion. A radio wave consists of magnetic (H) and electric (E)
or electrostatic fields at right angles to each other and at right
angles to the direction of travel. One-half of the energy of the
propagating radio wave is in the form of electrostatic energy,
while the other half of the wave’s energy is in magnetic energy
form. The radio wave carries energy as voltage from one loca-
tion to another, with antennas serving as the means of trans-
mission and reception for that energy.

The direction of the electrostatic-flux lines is called the
direction of polarization of a radio wave. When the electro-
static lines of flux are vertical, the waves have vertical polar-
ization; when the lines of flux are horizontal, it is horizontal
polarization. These are both forms of linear polarization.
EM waves can also propagate in a kind of cork-screw-shaped
motion known as circular polarization. If the E field is rotating

N

radiowaves

1. One of the more popular antenna formats for
satcom and terrestrial LOS communications links is

the parabolic or dish antenna. (Courtesy of RadioWaves)
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in a clockwise motion relative to the direction of propagation,
it is called right-handed circular polarization (RHCP). If the
rotation of the E field is counterclockwise relative to the direc-
tion of propagation, it is referred to as left-handed circular
polarization (LHCP).

As it propagates through space, EM energy can be visual-
ized as a plane wave traveling in a single direction, such as
from a transmit antenna to a receive antenna, rather than as
energy spreading out in all directions. Ideally, such a plane
wave would travel from transmit antenna to receive antenna
with no loss in energy. But EM plane waves often come into
contact with media other than the air through which they
typically propagate. When that happens, the EM energy in
the plane wave may propagate into (and through) the new
medium, if it is a conductor, or bounce off another medium, if
it is a reflector, as in a pulsed radar signal.

Communications signals, for example, typically propa-
gate in many directions outward from a transmit antenna,
whether it is an omnidirectional or directional antenna. Sig-
nals that follow a line-of-sight (LOS) path from the transmit
to the receive antenna will also be joined at the receiver by EM
energy from signals that have reflected from other media, such
as buildings, with resultant slight delays or shifts in phase of
these reflected signals.

Such reflections in EM propagation lead to what is known
as multipath propagation, which can cause distortion at the
receiver when the delays or phase shifts are significant. How-
ever, multipath propagation can also be put to good use, in the
form of multiple-input, multiple-output (MIMO) antennas
designed to take advantage of the multiple propagation paths
to increase the effective data rate of a communications link.

Depending on frequency and such factors as antenna types
and positions, radio waves are affected by the surface of the
Earth and the atmosphere. Lower-frequency EM radiation,
such as VHF and UHF radio waves, with longer wavelengths,
tend to propagate along the Earth’s surface in a mode known
as ground-wave propagation. Higher-frequency signals, with
shorter wavelengths, will propagate as LOS signals or as sky-
waves that have traveled through the troposphere (which
contains the air and clouds around the Earth) and have been
reflected by the atmospheric layer above that, the ionosphere.

Propagation through the troposphere and in turn reflecting
from the ionosphere as skywaves results in some EM energy
loss. However, it also enables longer propagating distances for
radio waves at some frequencies.

ANALYZING ANTENNAS

Efficient EM propagation relies heavily on the performance
of the point source antenna. Many different types of anten-
nas are used with radio waves at different frequencies. The
simplest antenna is the dipole antenna, which is essentially
a section of straight wire. It’s a configuration often used as

GO TO|MWRF.COM

2. Horn antennas are very directional in nature, with physical dimensions

a function of the wavelength/frequency of the signals to be handled. The
standard gain horn on the left measures 384 x 284 x 360 mm for use from
0.96 to 1.45 GHz, while the horn on the right is a mere 21.4 x 16.6 x 51.0
mm for frequencies from 90 to 140 GHz. (Courtesy of Gapwaves)

a building block for other antenna types, When a voltage is
applied to the wire, current flows through it and electrical
charges collect at either end of the wire. It is referred to as a
dipole because a balanced set of positive and negative charges
collect at either end.

When a voltage at some resonating or alternating frequency
is applied to the dipole, its electric moment oscillates, resulting
in oscillation of its positive and negative charges and oscilla-
tion of its electric current. The oscillating current creates the E
and H fields which give rise to the outwardly propagating EM
wave. The E field is oriented along the axis of the antenna and
the H field is perpendicular to both the E field and the direc-
tion of propagation. This orientation of the fields is also the
polarization of the antenna.

The physical size of a dipole antenna determines its operat-
ing frequency. A standard dipole has a total length equal to
one-half wavelength of the operating frequency. Each side of
the dipole structure is equal to one-quarter wavelength of the
operating frequency, with each side of the antenna fed 180 deg.
out of phase from the other side of the antenna.

The omnidirectional behavior of dipole antennas makes
them well-suited for EM waves with dominant LOS and
ground-wave characteristics. But many applications, e.g.,
satcom systems, operate with EM propagation that is more
directional in nature, through the use of space waves. This
requires antennas that are more directional in nature, such
as the apparently ever-present parabolic reflector or “dish”
antenna (Fig. I).

The antennas, which are also commonly used in terrestrial
point-to-point communications systems that rely on LOS
EM propagation, can be designed with single or multiple
polarization modes, with sizes that vary according to wave-
length and frequency. Similarly, horn antennas (Fig. 2) are
quite directional in nature, operating with fairly narrow beam
widths, depending on frequency, to transmit and receive in
LOS mode.
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Electromagnetic Propogation

nderstanding some of the basic propagation effects for

EM waves can help when designing and planning for
many high-frequency systems, even to the extent of preventing
EM interference (EMI) from disrupting the proper operation of a
nearby RF/microwave system.

SENDING MILLIMETER WAVES

As the frequencies of EM waves
increase, the distances traveled by
those radio waves decrease as they lose
EM energy due to propagation and
attenuation of the Earth and the atmo-
sphere. Very low frequencies, such as
the bandwidths used for amplitude-
modulated (AM) broadcast radios,
achieve long distances due to ground-
wave propagation and minimal atmo-
spheric losses. Satellite communica-
tions (satcom) systems (see “Satellites

Provide Distant Connections” on
mwrf.com) take advantage of orbit-
ing satellites and directional antennas
to bypass the losses of ground-wave
propagation and achieve relatively
low-loss EM propagation through the
atmosphere.

With the coming of fifth-generation
(5G) wireless communications net-
works and their multiple-frequency-
band configurations that incorporate
microwave and millimeter-wave fre-

quencies, various EM propagation
modes will be employed by these sys-
tems, along with the different types of
antennas that will be needed for those
propagation modes. As the frequen-
cies used in 5G systems extend to 28
GHz and beyond, EM propagation at
these higher frequencies will be more
directional and LOS in nature over
shorter distances to conserve as much
EM energy (and the data it carries) as
possible.
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In keeping with the relationship of
wavelength and antenna size, some
of the newer companies working on
antennas for the millimeter-wave por-
tions of 5G systems are at the chip and
PCB level for their designs, including
Gapwaves (www.gapwaves.com) with
its phased-array antennas and beam-
forming techniques for millimeter-
wave frequencies in 5G systems (Fig. 3).
The company’s PCB antennas include
high-gain models with an effective iso-
tropic radiated power (EIRP) level of
+65 dBm at 28 GHz.

Anokiwave has shown tremen-
dous innovation in its lines of active
antenna integrated circuits (ICs) for
millimeter-wave frequencies through
80 GHz. For example, the AWMF-0129
is a 28-GHz 5G active antenna design
kit that includes a 64-element phased-
array antenna assembled on a PCB with
the company’s active antenna ICs. It
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3. This miniature PCB-based phased-array antenna makes use of beamforming techniques

for handling EM waves at 28 GHz. (Courtesy of Gapwaves)

operates from 27.5 to 30.0 GHz with lin-
ear polarization and has programmable
beam widths, with independent phase
and gain control in both transmit and
receive operating modes. Its low-power,

compact design is very much a sign of
things to come for ubiquitous EM prop-
agation at millimeter-wave frequencies
as part of shorter-distance data links in
5G wireless networks. I
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Software
CHRIS DEMARTINO | Technology Editor

NI Answers the Call for
Flexibility with Automarted
Test Software

The latest release of the LabVIEW NXG software provides test engineers with a new
feature that allows them to configure test system hardware in less time. On top of that,
the new release also enables users to build web-based user interfaces (Uls) based on

standard web technologies.

here is no question that

National Instruments’ (NI;

www.ni.com) LabVIEW

software has a long and
distinguished history. Last year, NI
made major headlines by introducing
LabVIEW NXG, which the company
describes as the next generation of Lab-
VIEW. NI is continuing its momentum
with its recent announcement of a new
release of LabVIEW NXG. NI asserts
that this new version introduces key
functionality for engineers involved
with automated test-and-measurement
systems.

ENHANCING THE AUTOMATED
TEST WORKFLOW

So what are the enhancements that
this new version of LabVIEW NXG
offers? And what prompted NI to pro-
vide them in the first place? “The tech-
nologies that are embedded inside of
test-and-measurement equipment are
accelerating in performance at exponen-
tial rates,” explained David Hall, senior
product marketing manager for RF and
communications at NI. “Our approach
for serving that capability to customers
is through a flexible software-centric
approach”
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BUILDING AN AUTOMATED TEST SYSTEM WORKFLOW
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1. This figure illustrates an automated test system workflow. The yellow blocks represent the

areas that Nl is aiming to boost.

Let’s first take a look at the role of a
typical test engineer. “When we look
at how customers use our software to
build an automated test system, there
are probably a number of different steps
that they go through that historically
have all been pretty discrete,” said Hall.
“A test engineer typically gets a spec
sheet, a measurement list, or a test plan
to start with. This documentation tells
the engineer what results are needed for
which set of measurements at which set
of frequencies or under what operating
conditions.

“What a test engineer is responsible
for is to translate that set of require-
ments into a test system,” he continued.
“That starts with procuring hardware,

assembling that hardware, and starting
to develop the code for each individual
test module for each individual test.
The process also involves troubleshoot-
ing and making sure measurements are
accurate through an interactive mea-
surement experience, eventually auto-
mating those measurements, and then
reporting the results”

Figure 1 shows an automated test
system workflow. NT’s goal is to essen-
tially simplify the middle sections of this
workflow (shown in yellow in Fig. 1). “In
each of those areas, the way in which we
are attempting to help those engineers is
to effectively reduce the time it takes to
do those tasks,” Hall noted, referring to
those middle sections.
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Let’s look at just how NI intends to
accomplish these goals. Anyone who has
spent time in a test lab knows that a test
bench typically consists of a number of
different test instruments that are often
manufactured by different vendors.
These instruments are also likely to vary
in age. Given these dissimilarities, Hall
noted, it can be a challenge to get all of
the instruments in a test bench to work
together.

“In a typical test bench that many of
our customers might start with,” he said,
“there is a challenge from an automa-
tion perspective—the automation tech-
nologies for some of the instruments
might be different. There are challenges
with synchronization—the way that you
synchronize them may all be different.
There are issues with programming,
particularly because the driver software
for each of these instruments is often
very different. That creates a level of
complexity that test engineers typically
have to wade through by themselves”

To overcome these challenges, NI is
offering a new feature in LabVIEW NXG
called SystemDesigner (Fig. 2). “System-
Designer is a diagram that allows engi-
neers to configure the hardware they have
present in their test system,” explained
Hall. “That includes a combination of
PXI hardware or other NI hardware, as
well as other third-party instruments”

2. SystemDesigner helps users check a system’s configura-

tion as its being built, thus simplifying the process of building

test systems.

GO TO|MWRE.COM

3. The LabVIEW NXG Web Module enables users to create Uls that can run in modern web

browsers without plug-ins or installers.

Let’s explain a little of what System-
Designer can offer. For one, when using
NI hardware in a test system, SystemDe-
signer allows engineers to see specific
details concerning that hardware. This
information can include connector pin-
outs, the manual for the specific instru-
ment, and more.

SystemDesigner also supports third-
party instruments in a test system. “Sys-
temDesigner can connect engineers
to the driver software for third-party
instruments—in part because many
of those drivers are hosted on ni.com,”
Hall said. “From the SystemDesigner
view, you can find out which drivers you
need to control hardware and install
and manage the driver installation from
within the LabVIEW
environment. That
actually can save a lot
of time, as it’s often dif-
ficult to find the most
appropriate version of
the driver—particularly
if you’re using instru-
ments from multiple
vendors”

SystemDesigner lets
users operate in either
Live or Design mode.
“When you're in Live
mode, the software goes
out and looks to see
what instruments are
connected,” said Hall.

“When you're in Design mode, you can
configure a hypothetical system that you
want to put together. So you can config-
ure a SystemDesigner view before you
actually procure your instruments. That
helps you to identify which instruments
you need and what software you're going
to need before you physically have those
instruments.”

AWEB-BASED APPROACH

SystemDesigner is not the only new
feature offered in the latest release of
LabVIEW NXG. The other new aspect
involves today’s web technologies. “The
other set of challenges we're attempting
to solve with the latest iteration of NXG
involves serving data through the right
mechanisms—particularly using web
technologies,” Hall explained. “When
talking with many of our customers,
we get a tremendous amount of feed-
back concerning their desire for doing
remote configurations, remotely operat-
ing instruments, potentially real-time
monitoring measurements, and having
the capability to view data offline”

As an example, remote operation and
monitoring is clearly a necessity if a test
system is located in a dangerous envi-
ronment—one obviously wouldn’t want
to be physically present with that test
system. Some of today’s web technolo-
gies have made remote operation and
monitoring much easier through a web-
based approach.
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“The use of web technologies could
be pretty useful, particularly when you
want your test system configured in a
closed environment where you don’t
want physical access,” Hall said. “There
anumber of web technologies that engi-
neers could use themselves to enable
remote data access, but it’s honestly

pretty complicated. Only a pretty small
group of individuals have the knowledge
set that a typical test engineer is required
to have. If you were to add detailed
knowledge of web programming tools
and client/server communications, you
further limit your pool of individuals.
The result is you either have to go and
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learn a whole bunch of new technology,
or you have to outsource some aspects of
that project”

So just what is NI hoping to achieve?
Hall explained: “What were attempting
to do with LabVIEW NXG is abstract
some of the difficulty and make it really
accessible to create polished, profes-

sional web user interfaces (UIs) with-
in the LabVIEW environment. And
were doing that through some pretty
standard technologies like HTML and
JavaScript. We're doing it in a way such
that the users themselves can actually
host the UI on local servers”

Let’s now talk about the new
LabVIEW NXG Web Module, which
is the actual product that NI now
offers that makes what was just said
a reality (Fig. 3). The LabVIEW NXG
Web Module, which works within
the LabVIEW NXG environment,
lets users create web-based Uls to
remotely control and monitor test-and-
measurement systems.

WebVIs lie at the heart of the Lab-
VIEW NXG Web Module. WebVTIs are
essentially LabVIEW VIs that allow
users to build Uls via drag-and-drop
widgets. WebVTIs are based on standard
web technologies, such as HTML, CSS,
and JavaScript, meaning Uls that are
created can be viewed in any modern
web browser.

In addition, LabVIEW actually
scripts HTML, CSS, and JavaScript
as a Ul is being created. This gener-
ated code can be accessed at any time,
allowing engineers to customize the
code to meet their specific needs.

To summarize, this latest release of
LabVIEW NXG offers new capabili-
ties that are sure to be highly benefi-
cial for engineers involved with auto-
mated test-and-measurement systems.
SystemDesigner is sure to save test
engineers a great deal of time, while
the web-based capabilities add a new
dimension to developing automated
test-and-measurement systems. Test
engineers all over are sure to take
advantage of these latest tools. T
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CRLH TLs and SIRs
Lead 1o the Incredibly
Shrinking Anfennao

The use of CRLH transmission lines and stepped impedance resonators (SIRs) on
low-cost circuit materials delivers highly selective single- and dual-band antennas a
fraction the size of conventional components.

ractical use of realizable circuit structures such
as stepped impedance resonators (SIRs) and var-
ious forms of transmission lines (TLs) can lead
to highly selective, yet also quite small, single-
and dual-band antennas. Analysis of antenna designs based on
SIRs and composite right/left-handed (CRLH) transmission
lines can show how to cover several frequency bands while
also miniaturizing the antenna designs, for both quarter-
wavelength and half-wavelength antenna configurations.

To demonstrate the approach, quarter- and half-wavelength
antennas were designed with a common band centered at 4.5
GHz and an impedance bandwidth (|S;;| < —10 dB) of 500
MHz, and with the half-wavelength antenna also handling a
second frequency band centered at 1.8 GHz. For a fair com-
parison of the two configurations, the size of both antennas is
the same (26 x 21.3 mm?).

LEVERAGING METAMATERIALS

Metamaterials have sparked a great deal of interest among
high-frequency designers and researchers in recent years.
Metamaterials are characterized by having both negative per-
mittivity and permeability.?

Metamaterial structures such as split-ring resonators
(SRRs) and complementary SRRs (CSRRs) have been loaded
on monopole antennas to effectively reduce the electrical size
and increase the number of frequency bands.>-°

Nonresonant and wideband metamaterials have been
realized by using a TL that is periodically loaded with series
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capacitors and shunt inductors, along with conventional TL
elements. Such a circuit structure is referred to as a composite
right/left-handed (CRLH) TL.”® CRLH TLs exhibit a pro-
gressive phase shift that can be completely controlled by the
loading/parasitic elements’ values in a nonlinear frequency
dependence such that both can be used to adjust arbitrary
frequency bands.

Several compact single-, dual-, and multi-band antenna
designs presented in literature involve use of CRLH TL,%-15
modified versions of CRLH TLs,!0"!8 and loading monopole/
dipole antenna structures with CRLH cells.!®2! Extremely
compact antennas have also been employed in multiple-input,
multiple-output (MIMO) applications.2>?* However, design-
ing small antennas with simple independent design proce-
dures is an ongoing high-frequency design need that has not
been covered completely in the literature.

IMPACT OF RESONANCE

The performance of many different antennas depends high-
ly on the effect of its resonators or, in general, some form of
resonance. These resonant effects are employed in many ways,
for example, to form the fundamental operating frequen-
cy/band or to provide high isolation for other frequencies.
Regardless of the design approach, most antennas face a com-
mon challenge, which is the presence of spurious frequencies
due to various modes and resonances.

A simple solution is to use filters before or after the antenna
block, depending on whether signal information is transmit-
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Short/open-circuit plane

Short/open-circuit plane

For a short-circuit, quarter-wavelength
SIR antenna, the input impedance can be
expressed as Eq. 1:

(b)

Z:inQ = (jZ5)[(Z,tanb, + Z,/tand,)/(Z, -
thanez/tanel)] (1)

—
1

The input impedance for a short-circuit
Ag/2 CRLH SIR can be extracted mathemati-
cally by means of Eq. 2:

Cr

d

ZinH = Zz(] [Zztan(ez) + than (261)] +
| JZZ tan(ez)[zl - Zztan(zel)tan(ez)]/zz[zl -

(c)

Zztan(291)tan(92)] - than(ez) [Zztan(ez) +
Zitan(26))])  (2)

1. The schematic diagrams show a quarter-wave SIR (a) and a half-wave SIR (b), while

the equivalent circuit shows a CRLH cell (c).

ted or received.?* However, this strategy results in a larger
overall structural size. Another solution can be the use of SIRs,
which inherently block spurious bands and provide better iso-
lation. Approaches for CRLH-based SIR filters are presented
in refs.2>%°. Some attempts for high-selectivity metamaterial-
based SIR antennas are also suggested in refs.>0-34

To show the effectiveness of metamaterials in antenna
design, notably the use of SIRs and CRLH transmission lines,
M\/4 and \/2 short-circuited metamaterial SIR transmission
lines were explored for application in antenna design as their
fundamental element. The A/4-based antenna has a single-
band response at 4.5 GHz while the A\/2-wavelength antenna
offers the 4.5-GHz band as well as an additional band at 1.8
GHz for the same geometrical size, with sharper cutoff char-
acteristics.

The antennas are built on low-cost FR-4 substrate material
with relative permittivity of 4.3, thickness of 1.6 mm, and loss
tangent (tan §) of 0.02. To generate an omnidirectional pat-
tern, the proposed metamaterial SIR antennas were designed
in coplanar waveguide (CPW) configurations. The com-
mercial computer-aided-engineering (CAE) circuit design
software CST Microwave Studio from Computer Simulation
Technology (www.cst.com) helped in the design process.

The SIR can be realized by cascading transmission lines with
different characteristic impedances and electrical lengths. The
schematic for quarter-wavelength SIR and half-wavelength
SIR are shown in Figs. 1a and 1b, respectively. The term Z;
refers to the characteristic impedance, while 6; is the electrical
length of each transmission line. The resonators can be open
or short circuit in configuration. As a result, four possible
configurations are available to achieve minimum or maxi-
mum impedance. In all configurations, the target resonant
condition for employing these structures as antennas requires
achieving zero input admittance (Yi = 0).

GO TO|MWRE.COM

The resonant conditions for quarter-
wavelength and half-wavelength short-cir-
cuit SIR antennas can be achieved when the input impedance
is infinite (zero input admittance), as shown by Egs. 3 and 4:
Z, =7 tan(0,) / tan(0,) (3)
Z5[Z1 - Z>tan(201)tan(02)]
= Zatan(02)[Zatan(02) + Zitan(261)] (4)

When designing the SIR using CRLH TLs, the parameters
expressed as Egs. 5 and 6 are used for the SIRs:

Z; = {[Li(0’LgiCri - D]/ [Cri(w’Lyilg - DS (5)

6; = w(LpiCri)® {[1 - 1/(0*CriLgy)][1 - 1/(w*CyiL)]}*>
(6)

From Egs. 5 and 6, and by substitution of Eqs. 3 and 4,
it is possible to confirm that the resonant condition has a
higher-order degree of freedom for the half-wavelength case
compared to the quarter-wavelength case. Thus, more bands
and highly selective antennas can be realized using half-wave-
length CRLH SIR antenna for short-circuit termination.

DOUBLING UP

The earlier conclusions can be reinforced through the
introduction of two CRLH SIR antennas, a quarter-wave-
length and a half-wavelength antenna. Fig. 2 shows a planar
2D layout of the quarter-wavelength antenna. The antenna
is formed with two cascaded CRLH cells after the equiva-
lent circuit of Fig. Ic. The first cell is designed using an
11-finger interdigital capacitor and low-value meandered-
line inductor. The second cell is realized with a series gap
capacitor and high-value meandered-line inductor. Fig. 2
provides details of the antenna’s dimensions. The antenna
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2. This 2D layout shows a CPW short-circuit, half-wavelength (\/2) CRLH SIR antenna, with
Ls=26 mm; Wg=21.3mm;L;=Ly=L3=L; =3 mm; gy =g2=93 = 0.5 mm; Leeq = 7.7 mm,
Wieed = 2.5 Mm; Sgeeq = 0.2 mm; S4 =4 mm; Wy = 4.6 mm; Lgoyng = 8.1 mm; Ly = 0.4 mm; Ly
=4 mm; L, ,=0.65 mm; L, = 0.55 mm; W,y = Wi 2 = 0.1 mm.

3. This 2D layout shows a CPW short-circuit half-wavelength (\/2) CRLH SIR antenna with
Ls=26 mm; W¢=21.3 mm; Ly =L, =L3=Ls=3 mm; gq= gy =93=0.5 mm; Ligeq= 7.7 mm; Wieeq =
2.5 mm, Sgeeq = 0.2 mm; S4 =4 mm; Wy = 4.6 mm; Lgroung = 4.6 mm; L 1=0.4 mm; L ,=0.5=4
mm; Lo =0.65 mm; L o = 0.55 mm; W,y = W2 =0.1 mm.

measures just 26 x 21.3 mm?, or only

about 30% the size of a conventional
patch antenna.

The modification that was added to
the quarter-wavelength configuration is
to realize the resonator as a half-wave-
length configuration (shown earlier in
Fig. 1b). The antenna with the modi-
fication (as a half-wavelength anten-
nas) is shown in Fig. 3. As can be seen,
the antenna consists of three cascaded
CRLH TLs. The first and third TLs are
identical, with somewhat different TL
used between them. The first and third
TLs are realized using an interdigital
capacitor and low-value meandering-
line inductor. The middle TL is realized
using an air-gap capacitor. This means
that the outer TLs have higher C and
lower Ly values, which yields smaller
characteristic impedance and nearly
equivalent electrical length as can be
concluded from Egs. 5 and 6. In a simi-
lar fashion to the short-circuit load, the
antenna has a 50-Q) feedline and con-
nected to the short-circuit load. Fig. 2
provides further details of the dimen-
sions for the different components of the
antennas.

The simulated reflection coefficients
of the proposed antennas (quarter-
and half-wavelength SIR antennas) are
shown in Fig. 3. It can be clearly seen
that the Ag/4 quarter-wavelength anten-
na has a single resonance at 4.6 GHz
for which the reflection coefficient is
—20 dB with an impedance bandwidth
(|S11] < —10 dB) of 0.6 GHz (from 4.4 to
5 GHz).

The half-wavelength CRLH SIR
antenna has two resonances, at 1.8
and 4.5 GHz. At both frequencies, the
reflection coefficient is closer to —15 dB.
However, the first band is very selective
(a sharper cutoff) at 1.8 GHz, whereas
the second band has a comparatively
flatter slope. The proposed half-wave-
length antenna design is only 5% and
29% the size of two separate conven-
tional patch antennas used to handle 1.8
and 4.5 GHz separately.
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The Incredibly Shrinking Antenna

WHAT ABOUT THE RADIATION?

The radiation properties of the quar-
ter-wavelength CRLH SIR antenna were
investigated by plotting the simulated
three-dimensional (3D) gain radiation
pattern at 4.6 GHz (Fig. 4). The quarter-
wavelength SIR antenna has a typical
omnidirectional pattern with a realized
gain of 2.169 dB and good radiation
efficiency of 77.5% (Fig. 5). The maxi-
mum radiation directivity occurs along
the Z-direction (the broadside of the
antenna geometry) and has null radia-
tion along the C direction (the feeding
direction).

The simulated 3D radiation pat-
terns of the half-wavelength CRLH SIR
antenna are plotted in Figs. 6a and 6b
for the two resonant frequencies at 1.8
and 4.6 GHz, respectively. The half-
wavelength antenna design exhibits
similar high-directivity properties at
both frequencies, in the manner of the
quarter-wavelength antenna at its sin-
gle frequency. The maximum directiv-
ity occurs in the broadside direction
(Z-direction). The antenna has differ-
ent radiation efficiencies at the two fre-
quencies: 72% at 4.5 GHz and 1% at 1.8
GHz. The low efficiency at the lower
frequency (1.8 GHz) can be attributed
to the small physical size of the antenna
for that wavelength.

Small antennas can be designed using
CRLH SIR technology, as has been
shown for two different configurations.
These two antennas are quarter-wave-
length and half-wavelength CRLH SIR
antennas with only one cell, each a frac-
tion the size of a conventional printed
antenna. In the case of the half-wave-
length antenna, the proposed design
approach can result in antennas as small
as only 5% the size of a conventional
printed antenna. [
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COMSAT Teams with Iridium
for Secure DoD Satcom Service

The launch of the satellites for the next-generation Iridium system, Iridium NEXT, and its broadband

L-band capabilities, has made it possible for partners such as COMSAT to provide high-speed, global,

and secure communications services. (Courtesy of The Maritime Executive)

ATELLITE COMMUNICATIONS
S(satcom) networks offer communi-

cations services that are potentially
global in nature, among users on land,
at sea, and in the air. And now, with the
joint efforts of satcom providers COMSAT
and Iridium and its Iridium Certus sys-
tem (based on the second-generation
Iridium NEXT satellite constellation), U.
S. Department of Defense (DoD) users can
benefit with global communications that
are secure and reliable. A long-term agree-
ment between COMSAT and Iridium will
result in the availability of secure satcom
connectivity for mobile voice and data users
to the U.S. DoD by the middle of 2018.

GO TO MWRFE.COM

COMSAT (www.comsat.com) has long
provided secure satellite solutions to gov-
ernment, military, and maritime users, and
this agreement will allow the company to
bring its full suite of value-added services
to the Iridium (www.iridium.com) Cer-
tus program (see figure). The teaming will
enable COMSAT to leverage the benefits
of the Iridium network, including global,
on-the-move L-band wireless connectivity,
to provide services that meet the Commu-
nications Security (ComSec) requirements
for the DoD, such as real-time statistics on
use, telematics data, voice calling, person-
nel tracking, and real-time environmental
assessments.

(Continued on page 52)
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Mercury’s
Memory Devices
Bound for
Airborne System

ERCURY SYSTEMS
(www.mrcy.com) has
received a $3.2 mil-

lion follow-on order from a
leading defense contractor for its
BuiltSECURE ruggedized mem-
ory devices, which are being
integrated into an advanced
airborne military computing
system. As with the follow-on
business for multichip modules
from a leading defense con-
tractor (see “Mercury Systems
Supplies MCMs for Airborne
EW System” on mwrf.com), this
order was booked in the compa-
ny’s fiscal 2018 second quarter
and is expected to ship over the
next several quarters.

This secure solid-state device (SSD)

is an example of the type of high-
speed memory component that

will be integrated into an advanced
airborne military computing system.

(Courtesy of Mercury Systems)
(Continued on page 52)
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ASER WEAPONS have long been tling with alien species in outer space. But
part of science-fiction movies, tell- right back here on Earth, in the here and

ing imaginative tales of humans bat- now, laser weapons are not only being
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Electronic Weapons Systems
Begin to See the Light

designed, developed, and tested—they
are being used effectively on the battle-
field to show just what this form of elec-
tromagnetic (EM) energy can do in some
military applications.

The U.S. Navy’s well-publicized dem-
onstrations in the Persian Gulf, starting
in 2014 with the AN/SEQ-3 laser weapon
system (also known as the XN-1 laser
weapon system, or LaWS) aboard the
USS Ponce, presented some of the pos-
sibilities for laser weapons for disabling
smaller moving targets, such as missiles
and armed unmanned aerial vehicles
(UAVs). That laser system combined
the outputs of a half-dozen fiber laser
sources to produce an optical beam with
30-kW power, enough power to destroy
an incoming missile or drone from a dis-
tance with great precision.

The U.S. Navy’s enthusiasm for devel-
oping higher-power LaWS equipment is
one sign of the success of those early dem-
onstrations from the USS Ponce. Many
military commanders are intrigued by
the possibilities of a “rechargeable” weap-
ons system that does not rely on reload-
ing with a substance such as gunpowder,
even though the technology is still in its
earlier stages and may require some time
before the seas, let alone the skies, are
filled with laser beams like something in
a scene from a sci-fi film. But a number
of major contractors, including Lockheed
Martin, Northrop Grumman, and Ray-
theon Co. are working to overcome the
current limitations of these optical weap-
ons, especially in terms of size, weight,
and power (SWaP).

The major defense contractors are well
aware of the challenges and are making
major strides in bringing this technol-
ogy to the everyday battlefield. Those
science-fiction battle scenes may not be
as far-fetched as they originally appeared
on screen! B2

Jack Browne, Technical Contributor
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COMSAT Teams with Iridium for Secure

DoD Satcom Service

(Continued from page 49)

The Iridium Certus terminals are
smaller than traditional satcom termi-
nals, and the multiple-function satel-
lite system will enable users to debut
at transfer speeds of 352 kb/s, with
upgrades available to 704 kb/s. “This
is a new generation of technology that
will keep users connected on-the-
move, combining the robustness and
reliability of the Iridium network with
the value-added services and years of
experience provided by COMSAT;” says
David Greenhill, president of COMSAT.
“U.S. government users will experience
a new level of mission-critical mobile
capabilities thanks to this partnership.
We're excited to bring this new service
to them?”

The Iridium network is designed to
provide high-performance, secure com-
munications no matter the operating

conditions. It will allow government and
military users to establish reliable com-
munications anywhere on the globe in
a cost-effective and secure manner, with
connections to command and control
centers in the U.S., even in Arctic and
Antarctic regions.

“Iridium and the DoD have main-
tained a longstanding and collabora-
tive partnership through our Enhanced
Mobile Satellite Services (EMSS) con-
tract, and we believe Iridium Certus
complements this perfectly by bringing
never-before-possible, mission-critical
broadband capabilities to the warf-
ighter,” says Matt Desch, CEO, Iridium.
“We're excited to partner with COM-
SAT, who brings innovation and a broad
portfolio of capabilities to the table, and
we look forward to working together for
many years to come.” B

Mercury’s Memory
Devices Bound for
Airborne System

(Continued from page 49)

“Receiving this Built SECURE mem-
ory order from a prominent defense
prime contract reaffirms Memory’s
leadership role in the design and man-
ufacturing of commercial microelec-
tronics in a highly secure and trusted
environment,” says lain Mackie, vice
president and general manager of Mer-
cury’s Microelectronics Secure Solu-
tions group. “We are honored to provide
long-term supply continuity of high-
speed, SWaP-optimized memory devic-
es enabling the success of our military
forces in the harshest operating envi-
ronments,” adds Mackie. The hardware
is manufactured in Mercury’s Advanced
Microelectronics Center (AMC), a
secure Defense Microelectronics Activ-
ity (DMEA) trusted facility in Phoenix,
Ariz. ®

Smart Mount Brings Satcom to ARC-210 Radios

OCKWELL COLLINS (www.rockwellcollins.

com) has developed a smart mount that will

give ARC-210 networked communications air-

borne radio users added satellite communica-

( capabilities via the Iridium satellite network.

By accessing the 66 low-earth-orbit (LEO) satellites in the

Iridium network, users can achieve global communications

coverage (see figure) in addition to the ARC-210 radio’s stan-
dard capabilities.

The addition provides a significant improvement in the
radio’s capabilities with little or no downside: “The smart
mount will be a low risk and cost-effective way to bring the
added benefits of Iridium to the ARC-210 system, delivering
reliable communications no matter where the mission is,”
says Troy Brunk, vice president and general manager, Com-
munication, Navigation and Electronic Warfare Solutions for
Rockwell Collins.

“Adding Iridium SATCOM to the ARC-210 leverages the
Defense Information Systems Agency (DISA) secure gateway
as well as the diverse and resilient Iridium NEXT constellation,”
says Ken Flowers, vice president of Government Solutions for

52

Iridium. “Integration requires no modifications to the existing
onboard radio and will enable reliable voice, data, and posi-
tion location information anywhere on the planet” The smart
mount, which was recently demonstrated to U.S. DoD repre-
sentatives, extends the radio’s basic line-of-sight (LOS) range to

full global capabilities, using Iridium’s satellites. B

A smart mount adds satellite-based beyond line-of-sight (LOS) commu-
nications capabilities to ARC-210 VHF/UHF miilitary radios. (Courtesy of
Rockwell Collins)
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Woven Webbings Hold Electronic Devices in Place

PECIALIZED WOVEN The narrow woven fabrics, tapes, and  military, and aviation applications.
fabrics can help wrap webbing (see figure), measuring 12 in.  Advanced designs are developed based
together numerous sys-  wide or less, are typically used in para-  on enhanced weaving technologies and
tems and circuits in aero-  chutes and many other commercial, materials woven from high-performance
aviation applications, and

long-time fabric developer Bally Ribbon
Mills (www.ballyribbon.com) has devel-
oped a line of woven webbings espe-
cially for these types of applications.
The fabrics include narrow two-dimen-
sional (2D) and three-dimensional (3D)
thermoset and thermoplastic fabrics as
used in parachutes, flight suits, safety
components, and air slides. The woven
webbings, which are used in the Inter-
national Space Station, can meet spe-
cific strength requirements for struc-
ture components in space and aviation
systems.

Compared to materials based on
steel and aluminum, these strong, light-
weight webbings help reduce material
costs and increase system safety levels.
While the durable narrow woven fabrics
are often fabricated into standard prod-

ucts, custom engineered products can
be developed or special manufacturing

. 3 The confluence of advances in supporting CTT Power und Driver Amplifiers for SAR
processes modified to meet specific user technologies, such as processors and memories — as well Band Frequency Power Levels Up To
requirements. as developments in UAVs — coupled with geopoliical NS X-Band  9.1-10.0GHz 100 Watts CW

demands for increased homeland security and greater X-Band 9.0-10.0GHz 600 Watts Pulse
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reconnaissance) spotlight.
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More than 35 years ago CTT, Inc. made a strong
commitment fo serve the defense electronics market with a
simple goal: quality, performance, reliability, service
and on-time delivery of our producis.

« Lightweight /Compact Deslgns
«+ Hermetically Sealed
«» Stability & Reliability

USA-hased
thin-film

microwave
production

facility

Advanced fabrics such as these allow for the Give us a call to find out how our commitment can

. . . support your SAR success. It’s that simple.

integration of sensors and other electronic /m'
devices into the framework of commercial

and military aircraft. (Courtesy of Balley Ribbon 5870 Hellyer Avenue * Suite 70 * San Jose * California 95138

Mills) Phone: 408-541-0596 * Fax: 408-541-0794 « www.cttinc.com ® E-mail: sales @cttinc.com
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fibers, such as Kevlar, Vectran, and Zylon.
Woven 2D and 3D thermoset and ther-
moplastic polymer composite structures
can be formed into net-shape structures
by means of a multidimensional continu-
ous weaving method.

The most recently developed fabrics

include 2D and 3D Thermoplastic Com-
posite Materials (TPCM) and narrow
woven “E-WEBBINGS.” TPCM fabric
has been developed to provide local-
ized reinforcement in molding/forming
processes and offers excellent strength
and shear resistance. The E-WEBBINGS

materials were developed nominally for
Internet of Things (IoT) sensors and
devices targeted for commercial, person-
al, and military aircraft. The materials are
constructed in such a way that allows for
the integration of IoT sensors and other
electronic devices into the fabrics. ™

@Hunmsuuum

Excellence in Connectivity Solutions

Proven protection for
sensitive electronics

The 9078 series of high power multi-stage limiters from

HUBER+SUHNER feature a combination of lightning and HPM
protection in one unif which is unique fo the market. These
products and our expanded portfolio of lighining and ESD
Protection are used in a variety of defense opplications including
Electronic Intelligence (ELINT), Signals Intelligence (SIGINT),
Command, Control, Communication Intelligence, Surveillance and
Reconnaissance [C3ISR] or Ship's Signal Exploitation.

empselector

> hubersuhner.com

HUBER+SUHNER AG 9100 Herisau/Switzerland
HUBER+SUHNER INC. Charlotte NC 28273 /USA
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Curtiss-Wright to
Acquire Dresser-
Rand Business

URTISS-WRIGHT CORP.
announced its intention

to acquire the assets of the
Dresser-Rand Government
B

speed rotating components and

leading supplier of high-

equipment used in many U.S. Navy
aircraft and sea vessels. Dresser-Rand is
a business unit of Siemens Government
Technologies, a wholly owned U.S.
subsidiary of Siemens AG (located in
Germany). The transaction will take
place for $212.5 million in cash. The
acquired unit will operate as part of
the power segment of Curtiss-Wright
(www.curtisswright.com).

“The acquisition of Dresser-Rand’s
government business portfolio signifi-
cantly expands our shipset content and
increases our footprint on new U.S. Navy
Nuclear vessels, establishes a prominent
Curtiss-Wright presence at U.S. Navy
shipyards, and provides an opportunity
to grow our existing U.S. Navy after-
market business,” says David C. Adams,
Chairman and CEO of Curtiss-Wright
Corp. Dresser-Rand designs and pro-
duces high-speed rotating components
and systems, including reciprocating
compressors, steam turbines, and steam
system valves. The hardware supports
Nimitz-class and Ford-class aircraft car-
riers, Virginia-class and Columbia-class
submarines, and most major U.S. Navy
shipbuilding programs. B
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Introducing our new
Common Mode Choke Finder

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

Step 1: Search parts by Impedance,

Attenuation or Inductance at your
operating frequency.

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

& coilrafidirectcom
@® @ No min order. Next day delivery.

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

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

0

It's that Simplé!

Try it at coilcraft.com/CMCfinder.
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Discovering ADCs and DACs
for Defense Electronics Systems

As data converters gain more speed and bandwidth, it presents designers with new opportunities

to take fresh looks at applications like radar and communications.

EFENSE ELECTRONIC sys-

tems rely on both analog and

digital signals and components.
And often, in the middle of those sys-
tems, highly integrated converters are
used to ease the coexistence of ana-
log and digital signals. In spite of the
sophistication of their signal-processing
chores, analog-to-digital converters
(ADCs) and digital-to-analog convert-
ers (DACs) are often taken for granted.

But finding the best ADCs and DACs
for an application requires some famil-
iarity with how they work and how per-
formance is described in terms of key
parameters. Fortunately, these compo-
nents are available from a wide range
of vendors in many shapes and sizes to
serve defense electronics systems, from
secure communications systems to sur-
veillance and radar platforms.

An ADC uses sampling to make instan-
taneous measurements of an analog input
signal over its voltage range, converting
those measurements into digital words
with resolution equal to the converter’s
number of bits. The sampling rate takes
place at the frequency (or multiple of that
frequency) of the clock oscillator used for
timing the ADC. A DAC essentially does
the opposite, converting digital input
code into analog output signals.

The precision and stability of the
clock oscillator are important factors
in achieving accurate ADC and DAC
performance. Both types of converters
appear similar, as integrated circuits
(ICs) typically supplied in miniature
multipin housings (Fig. 1).
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ADCs and DACs have a number of
performance parameters in common
that allow comparisons of different
units, including frequency range/band-
width, sampling rate, and bit resolution.

How well each type of component per-
forms the task for which it is designed
depends on how well it maintains the
accuracy and integrity of the signals it
must process throughout the signal/
data-conversion processes. In any sys-
tem, that accuracy will also be impacted
by associated components in the signal
chain, such as amplifiers and filters on
either side of the converter.

For an ADC, its bandwidth is the
frequency range of signals that can be
measured at its input port. Wider band-
widths allow the capture of higher-fre-
quency signals, although bandwidth is
also usually synonymous with cost—
ADC costs increase with wider band-
widths and higher frequencies. An ADC
designed for use at audio frequencies,
such as 20 Hz to 20 kHz, may be low
in cost, depending upon other perfor-
mance parameters, such as bit resolu-
tion, but it is also limited in bandwidth.
Even in the audio range, a bandwidth

1. Analog-to-digital and
digital to analog convert-
ers (ADCs and DACs)

are complex ICs usually
housed in multipin pack-
ages. (Courtesy of Analog
Devices)

of 100 kHz or more may be preferred to
include the digitization of higher-order
harmonic frequencies.

ADC frequency/bandwidth require-
ments for defense electronics systems
must be carefully considered, so that
enough of the input signal can pass from
analog form to digital form. These sys-
tems range from surveillance and EW
systems, where the nature of the signals to
be processed may be relatively unknown,
to communications systems that may
employ advanced forms of frequency-
and phase-based modulation schemes.

SAMPLES SIMPLIFIED

The minimum sampling rate for an
ADC is usually determined by the fre-
quency and bandwidth of the signals to
be digitized and the number of channels
to be digitized. Nyquist theory states
that at least two samples are needed to
represent the simplest waveforms, so the
minimum sampling rate is at least two
times the bandwidth of a signal of inter-
est. More samples (a higher sampling
rate) bring greater precision by means
of a practice known as oversampling
(exceeding the Nyquist frequency).
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For example, when capturing enough
samples on a continuous-wave (CW)
signal to provide 90-deg. resolution,
four samples per cycle would be needed
to capture samples at 90, 180, 270, and
360 deg. per signal cycle. Pulses or more
irregular signal waveforms may require
more samples per cycle. While it may be
true that a defense electronics system’s
ADCs will never be accused of capturing
too many samples, too few samples per
cycle of a signal frequency can result
in aliasing errors and an inability to
accurately reconstruct that signal into
analog form.

The number of ADC samples per
signal cycle depends on the allowable
average error tolerance, the method of
reconstruction of the waveform, and
the end use of the sampled data. The
actual error of discrete data samples
will be impacted by the throughput
error of the data acquisition and con-
version system, along with any errors
contributed by the system’s comput-
er or other digital-signal-processing
devices. Increasing the number of sam-
ples per cycle for an ADC, or apply-
ing different forms of filtering in the
system (including at the output of the
DAC), can improve the accuracy of the
sampled data.

Larger amounts of sampled data
deliver increased accuracy when
returning the data to analog form
through a DAC, although with tradeoffs
at the system level. Larger amounts of
data require larger memory capacities
and potentially slower computer pro-
cessing speeds, typically resulting in
larger size, weight, and power (SWaP)
in a system. The faster sampling rates
required to generate more data usu-
ally translate into higher levels of power
consumption.

The number of ADC bits determines
the resolution of the data-acquisition
system. The number of bits defines the
number of digital codes used to repre-
sent the original analog waveform. For
example, an 8-b ADC uses 256 incre-
ments to represent the original analog

GO TO|MWRFE.COM

waveform. A 10-b converter uses 1024
digital codes, while a 12-b converter
uses 4096 digital codes.

All ADCs suffer some amount of
aperture error, which refers to the
amplitude and time errors of the sampled
data points for a waveform due to the
uncertainty of dynamic data changes
during the sampling process. Using
high-speed ADCs with fast sampling
rates is one way to minimize aperture
errors, and fast ADC data-conversion
speeds are needed for sampling higher-
frequency signals.

The least-significant bit (LSB) of
the digital code used in the sampling
process also plays a part in determin-
ing ADC accuracy, since the digital
code produced by an ADC will have an
inherent quantization error of +0.5LSB.
That means the analog voltage repre-
sented by the digital codes may actu-
ally be somewhere between adjacent
digital codes. High-performance ADCs
can control aperture error to less than
+0.5LSB.

CHANGING DEFENSE APPROACHES
Recent trends in ADCs and DACs for
commercial and military applications
have included wider bandwidths and
faster sampling rates. This has allowed
system designers to reevaluate their
approaches to a particular platform.
Within communications and EW
radios, for example, signal sampling has
traditionally taken place at the radio’s

intermediate-frequency (IF) stage.
Moreover, the availability of ADCs with

limited bandwidths and sampling rates
may have required the use of numerous
different frequency-mixer IF stages to
downconvert received signals within the
input range of an ADC. But as ADCs
(and DAC:s at the output of the receiver)
gain in bandwidth and sampling rate,
sampling can take place at higher IF, or
in some cases, by direct sampling of RF
signals.

Multiple suppliers offer ADCs and
DACs with bandwidths in excess
of 1 GHz qualified for use across the
military operating-temperature range
of =55 to +125°C. As an example, Texas
Instruments (www.ti.com), which
acquired National Semiconductor and
its considerable ADC/DAC portfolio,
offers system designers its model
ADC14155 ADC with 14-b resolution,
sampling rates to 155 Msamples/s, and
typical full-power bandwidth of 1.1
GHz for IF sampling. It is supplied in
a 48-lead, thermally enhanced ceramic
package and can be installed on an
evaluation board (Fig. 2) for ease of
testing. The company’s WaveVision
software provides computer control of
the data converter.

At even higher frequencies and
sampling rates, Texas Instruments’
ADCI12DJ3200 family of advanced
CMOS ADCs enables direct conversion
of RF/microwave input signals to 8 GHz
and higher. For example, the 12-b model
ADCI12DJ3200 ADC can be used as a
single- or dual-channel digitizer, with
single-channel sampling rates to 6.4
Gsamples/s and dual-channel sampling

2. Evaluation boards can
simplify the testing of high-
speed ADCs like the 14-b
model ADC14155, which
operates at sampling rates to
155 Msamples/s and typical
full-power bandwidth of 1.1
GHz for IF sampling. (Courtesy
of Texas Instruments)
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rates to 3.2 Gsamples/s. With a full-
power, 3-dB input bandwidth of 8 GHz
and low noise floor for capturing low-
level input signals, it is a candidate
for receivers in applications from
communications and EW to electronic
intelligence (ELINT) and radar
systems. It enables direct-sampling
system designs at S- and C-band
frequencies (for more details on the
ADCI12D]J3200 ADC, see “High-Speed
Converters Provide Direct Conversion at
C-Band” at mwrf.com).

Analog Devices (www.analog.
com), with its advanced 28-nm silicon
CMOS semiconductor technology,
has also developed high-speed,
high-resolution ADCs and DACs.
These enable sampling and signal
generation at higher frequencies in
commercial wireless communications
systems, such as fourth-generation
(4G) Long Term Evolution (LTE)
cellular communications systems and
coming fifth-generation (5G) wireless
networks, as well as high-performance
military radar and communications
systems. The highly integrated devices
include the dual-channel AD9172,
which is essentially two RF DACs on
a chip (Fig. 3). It is capable of 16-b
resolution at sampling rates to 12.6
Gsamples/s for generation of high-
resolution analog outputs to 8 GHz and
beyond.

' #

ANALOG
DEVICES

AD9172

- Dual
Digitari-to-Analog
Lonvarter

BB R e

"tg...-
""’I..-‘

3. The AD9172 is essentially two DACs in one

package, capable of 16-b resolution and sampling
rates to 12.6 Gsamples/s. (Courtesy of Analog Devices)

Additional suppliers of high-speed
ADCs and DACs for military applica-
tions include Cobham (www.ams.aero-
flex.com), DATEL (www.datel.com),
Mercury Systems (www.mrcy.com),
Microchip (www.microchip.com), and
Teledyne e2v (www.e2v.com). Some,
such as DATEL and Microchip, provide
low-power packaged ICs at competitive
prices.

Then there’s Teledyne e2v, which
sources its ADQ7DC, a complete ADC
data-acquisition module with field-
programmable gate array (FPGA) to
simplify the chore of adding the digi-
tizing function to a system. The mod-
ule (Fig. 4) can be specified with one
or two channels, 14-b resolution, and
sampling rates to 10 Gsamples/s. The
company also offers similarly compact
modules with DACs for high-speed,
low-latency signal generation to 7 GHz
and as many as four signal channels per
module. BB

4. The model ADQ7DC is a
complete ADC data-acquisition
module with one or two channels,
14-b resolution, and sampling
rates to 10 Gsamples/s. (Courtesy
of Teledyne e2v)
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high power handling capability and efficient heat dissipation in a tiny device size,
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Arbitrary Waveform
Generator Scales to 2 GHz

At frequencies reaching 2 GHz, this compact modular AWG can produce a variety of wideband

output signals.

RBITRARY WAVEFORM gen-

erators (AWGs), as the name

suggests, offer the means of pro-
ducing almost any type of signal wave-
form within the limits of their maximum
sampling rate and bit resolution. The
compact modular SDR14TX recently
unveiled by Teledyne Signal Processing
(SP) Devices (www.spdevices.com), for
example, is a dual-channel, 14-b AWG
with a maximum sampling frequency
to 2 Gsamples/s. It can create wideband
dc-coupled signal waveforms in the first
Nyquist frequency range to 1 GHz and
direct synthesis of RF waveforms in the
second Nyquist frequency range to 2 GHz.

The versatile AWG can be used in a
wide range of commercial, industrial,
and military systems, including LiDAR,
radar, test systems, and wireless commu-
nications networks. Its 1 GB of onboard
memory stores the code required to pro-
duce often-used signal waveforms.

The SDR14TX AWG, packed into
a modular housing (Figs. 1 and 2),
includes a field-programmable gate
array (FPGA) that is accessible to a user
for programming. The dual-channel sig-
nal source operates at sampling frequen-
cies to 2 GHz per channel with 14-b ver-
tical resolution. The dual output enables
transmission of two synchronized but
independent waveforms.

There’s also support for generation
and transmission of complex in-phase/
quadrature (I/Q) modulated signals for
advanced communications applications.
An advanced waveform sequencing
engine enables flexible waveform genera-

60

tion, and the built-in zero generation fea-
ture makes it possible to generate “silent”
output without wasting any memory.

Multiple units can be readily synchro-
nized for multichannel applications—
each AWG is packed with 1 GB of data
memory for storing waveform data
to simplify programming of multiple
waveforms. Every SDR14TX comes with
either PXIe or PCle data interfaces for
interconnection with external systems.

The 50-Q ports of the AWG are
matched to most high-frequency sys-
tems, with output voltages to 1 V p-p
for single-ended outputs and 2 V p-p
for differential outputs. Signal outputs
achieve 3-dB bandwidths as wide as
1 GHz with power spectral density of
—152 dBm/Hz for single-ended wave-
forms and —149 dBm/Hz for differential
waveforms. The spurious-free dynamic
range (SFDR) is 52 dBc for single-ended
output signals and 63 dBc for differen-
tial output signals, with both levels mea-
sured at 100 MHz.

For complex signal generation, as
required in many communications,
radar, and electronic-warfare (EW) sys-
tems, modular AWG signal sources such
as these are well-suited for programming
and producing advanced waveforms as
needed, without excessive power con-
sumption. The AWG is designed for +12
V dc power and is rated for maximum
power consumption of 40 W. B8

TELEDYNE SIGNAL Processing (SP) De-
vices Sweden AB, Teknikringen 6, SE-583
30 Linkoping, Sweden

7. TELEDYNE
ﬂa 5P DEVICES

SDR14TX

1. The modular SDR14TX arbitrary waveform
generator (AWG) operates at sampling rates
to 2 Gsamples/s and synthesizes output sig-
nals in the first Nyquist zone to 1 GHz and in
the second Nyquist zone to 2 GHz. (Courtesy
of Teledyne SP Devices)

2. The compact, fan-cooled architecture of
the SDR14TX AWG and its high sampling
rates make it a candidate for signal genera-

tion in many different systems. (Courtesy of
Teledyne SP Devices)

MARCH 2018 MICROWAVES & RF


http://www.spdevices.com

40GHz
(KBL-Series)

Precision 758
(CBL-Series)

Precision 50Q
({CBL-Series)

Ultra-Flexible
(ULC-Series)

Flexible
(FLC-Series)

TEST CABLES.,

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

Armored
(APC-Series)

Precision VNA
Cables
(VNAC-Series)

up to 40 GHz!

ea (qty 1-9)

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

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

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

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

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

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

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

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

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

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

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

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

1 Various connector options available upon request.
Contact apps@minicircuits.com to discuss your special requirements.
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Handling the Heat:
Materials Make the Difference

Ever-smaller electronic systems with increasingly greater functionality depend on efficient thermal

management to maintain performance and reliability.

HERMAL MANAGEMENT can be an important step

in achieving a long operating lifetime for the circuits and

devices in a defense electronics system. Active devices
such as power transistors and laser diodes are never 100%
efficient, which means some amount of power applied to these
devices will be converted to heat. The lower the efficiency, the
more heat is generated for a given amount of applied power.

To prevent damaging heat buildup around an active device,
the heat must be dissipated into the surrounding environment
or into the materials within a system. Different materials and
structures can serve this purpose. However, with the current
trend of designing greater functionality into smaller packages,
DARPA and many other military organizations appear to be
on a relentless quest for more effective heat-removing materi-
als with outstanding thermal properties.

Part of the miniaturization push in military electronics
involves increased use of active devices with high power den-
sities, such as laser diodes and gallium-nitride-on-silicon-
carbide (GaN-on-SiC) power transistors. While such devices
are capable of high output power in terms of optical and elec-
tromagnetic (EM) signal energy, respectively, they are still less
than 50% efficient. Therefore, a great deal of power-supply and
input signal power will be converted to heat

Understanding the basic thermal properties of standard
materials can ease the task of forming these thermal channels.
For cooling purposes, one of the most essential material prop-
erties is thermal conductivity, or its capacity to conduct heat,
which is measured in watts of power per meter per degree Kel-
vin (W/m-K). The inverse of thermal conductivity is thermal
resistance. So, a material with good heat flow will have high
thermal conductivity and low thermal resistance.

Copper is one of the more commonly used materials in
electronic circuits with high thermal conductivity, about 400
W/m-K. Aluminum is another excellent thermal conductor,
at about 235 W/m-K, often found in electronic circuits and
systems. Of course, in electronic circuits, copper transmission
lines (and thermal paths) are fabricated on dielectric substrate
materials, such as polytetrafluoroethylene (PTFE) or various
forms of ceramic materials that will have different values of
thermal conductivity. The junction between different materi-
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O-rings

Outlet port

Laser diodes

Microchannel coolers (MCCs) are structures with chambers for
cooling liquids. Stacks of MCCs such as this can be used to cool
multiple devices. (Courtesy of Micro Cooling Concepts Inc.,

www.microcoolingconcepts.com)

als that must channel heat, such as copper lines on a ceramic
substrate, is an area of concern not only for differences in the
thermal conductivities of the materials, but in the way the
materials respond to elevated temperatures.

The coeftficient of thermal expansion (CTE) is a key param-
eter that describes how much a material will increase in size as
a function of temperature. For an effective thermal path, mate-
rials with high thermal conductivities are desired, as are mate-
rials with closely matched CTEs, to minimize stresses at the
junctions of the materials when they expand with temperature.

Three-dimensional (3D) structures typically formed of
thermally conductive metals or other materials are often used
within circuits and systems to aid the flow of heat away from
active devices. These structures include heatsinks, heatpipes,
and miniature microchannel coolers (MCCs). MCCs (see fig-
ure) are structures that include channels for the flow of a cool-
ing liquid, such as deionized water, to promote heat flow away
from devices with high power density.

Military designers are faced with thermal-management
challenges at all levels, from device through system, and
the control of power and heat is essential for all branches as
detailed by DARPA’s Thermal Management Technologies
(TMT) Program (www.darpa.mil/program/thermal-manage-
ment-technologies). It essentially seeks material advances, par-
ticularly on the nanostructure scale, to properly manage heat
in present and future defense electronic systems. B8
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The Industry’s Widest Selection!

¢
Over 200 Models Comprising Over 7 Million Units in Stock!  rrom 9 9 qty.3000

From DC to 15 GHz — Mini-Circuits’ LTCC filters give you the industry’s widest selection of high pass, band pass,
low pass, and diplexer models, supporting a vast range of applications. These tiny ceramic filters utilize Low Temperature
Co-fired Ceramic (LTCC) technology to achieve high reliability in extreme environments, superior thermal stability, and
excellent repeatability in packages as small as 0.06 x 0.03”! They’re even available in quantities as small as 20 pieces

in a reel, and designer kits to help you find the right model for your system for low cost.

Visit minicircuits.com today for comprehensive test data, advanced +=Modelithics-

. . . Vendor Partner
models, PCB layouts, everything you need to make an informed choice. “FREE High Accuracy RF Simulation Models!”

Place your order online and have them in hand as soon as tomorrow! https://www.modelithics.com/MVP/MiniCircuits
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NEW PRODUCTS

InGaP MMIC Mixer Converts 10 to 40 GHz

THE MDB-44H+ MMIC mixer leverages InGaP heterojunction-bipolar-tran-
sistor (HBT) semiconductor technology to cover a broadband frequency

range. It can be used for frequency upconversion as well as downconver-

sion, with an RF/LO frequency range of 10 to 40 GHz and an intermediate-

frequency (IF) range of dc to 10 GHz. The Level 15 mixer works with a LO power level of +15 dBm. It achieves typical conver-

sion loss of 8.0 dB when upconverting/downconverting signals from 10 to 20 GHz, 8.4 dB when translating signals from 20

to 30 GHz, and 8.9 dB when converting signals from 30 to 40 GHz. The typical 1-dB input compression point’s power level is

+10 dBm from 10 to 40 GHz with a typical input third-order intercept point (IP3) of +20 dBm from 10 to 20 GHz. The RoHS-

compliant mixer is well-suited for commercial and military satellite and terrestrial communications radios and military radar

systems. It is housed in a surface-mount MCLP package measuring just 3.0 x 3.0 x 0.89 mm.

MINI-CIRCUITS

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

180-deg. Hybrid Goupler Takes on Space to 26.5 GHz
THE MODEL 4010265SQ 180-deg. hybrid coupler is suitable for space applications
from 1.0 to 26.5 GHz. It can be used for such functions as splitting and combin-
ing signals in amplifiers, switching circuits, and beamforming networks. The stripline
3-dB coupler has 3-dB insertion loss to 20 GHz and 3.6-dB or less loss to 26.5 GHz. It
achieves better than 15-dB isolation between ports and is rated for 20 W average input
power and 3 kW peak input power. The amplitude imbalance is controlled to +1.0 dB
to 20 GHz and within £1.5 dB to 26.5 GHz. The phase imbalance is +16 deg. across
the frequency range. Maximum VSWR is 1.95:1. The coupler measures 4.04 x 1.35 x
0.52 in. with four female SMA connectors.

KRYTAR INC.
1288 Anvilwood Ave., Sunnyvale, CA 94089; (408) 734-5999, (877) 734-5999, e-mail: sales@krytar.com, www.krytar.com

GaN Amplifier Powers 9.0 to 9.9 GHz

THE BMPC9X89X8-8000 solid-state power amplifier (PA) builds upon GaN solid-state device
technology to provide 8000 W pulsed output power across instantaneous bandwidths as

wide as 500 MHz from 9.0 to 9.9 GHz for X-band radar applications. The Class AB PA provides

69-dB nominal power gain for pulse widths of 0.25 to 100 ps at duty cycles to 10% with better

than 50 ns typical pulse rise/fall time. The amplifier features an internal ac power supply, female

SMA connectors on the input and sample ports, and WR-112 or WR-90 rectangular waveguide

flanges on the output ports. It holds harmonics to —60 dBc and phase noise to —100 dBc/Hz

offset 100 Hz from the carrier. The PA, which is designed for 0 to +50°C operating temperatures, includes an RJ-45 Ethernet

control interface. It measures 19.00 x 12.25 x 24.00 in. and weighs 90 Ibs.

COMTECH PST

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

Up/Downconverter Takes On 2.7 GHz

THE CMX975 integrated-circuit (IC) frequency up/downconverter contains transmit and receive
e mixers, a low-noise amplifier (LNA), fractional-N and integer-N synthesizers for RF and IF func-
cF;f tions, and voltage-controlled oscillators (VCOs). It an RF range of 1.0 to 2.7 GHz and an intermedi-
o ate-frequency (IF) range of 10 to 500 MHz for use in L-band and S-band satellite communications

, (satcom) systems and military radios. The unit operates on a single +2.7- to +3.6-V dc supply,

providing an 18-dB programmable gain range and 1.7-dB noise figure at 1.5 GHz. The operating
temperature range is —40 to +85°C.
CML MICROCIRCUITS LTD.
Oval Park, Langford, Maldon, Essex, CM9 6WG, England; +44 (0) 1621 875500, FAX: +44 (0) 1621 875600, E-mail: sales@
cmimicro.com, www.cmimicro.com
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NEW PRODUCTS

Standard GaAs MMICs Can Qualify for Space

WHEN HIGH RELIABILITY for space-qualified system designs is essential, nearly
100% of a line of standard GaAs MMICs can be space-qualified per MIL-PRF-38534

Class K and MIL-PRF38535 Class S screening on die, hermetic packaged die, and hybrid

assemblies. This type of screening includes visual inspection to MIL-STD-883 Method

2010B Class S, 100% element electrical RF test, and wafer lot qualification testing (per

the requirements of MIL-PRF-38534 for MMIC devices). As an example of one of these

parts, the CMD157 GaAs MMIC low-noise amplifier (LNA) is well-suited for wideband

communications and electronic-warfare (EW) receivers, with more than 25-dB gain and

only 1.5-dB noise figure. The 50-Q matched device has a 1-dB compression point of +10

dBm.

CUSTOM MMIC

300 Apollo Dr., Chelmsford, MA 01824; (978) 467-4290, www.custommmic.com

Broadhand LNA Quiets 8 to 18 GHz
ODEL PE2-30-8R018R0-3R5-22-12-SFF—a broadband low-noise

= 'A - - .1_ J amplifier (LNA)—has a typical noise figure of 3.5 dB from 8 to 18 GHz.

' m T %%‘5% -3 It also delivers 30-dB typical gain across that frequency range, with worst-
PRI | 15 o a0 i s ms a9 12arr B | (MR Cose gain flatness of +1.5 dB across the full operating frequency range.
pLissas/1azs (> S|l It provides+20 dBm output power at 1-dB compression while drawing no
more than 325 mA current from a voltage supply of +12 to +15 V dc. The
maximum input/output VSWR is 2.0:1. The amplifier comes with removable
female SMA connectors in a standard PE2 housing.

PLANAR MONOLITHICS INDUSTRIES INC.
East Coast Operations, 7311-F Grove Rd., Frederick, MD 21704; (301) 662-5019, e-mail: sales@pmi-rf.com,
www.pmi-rf.com.

Compact Amplifier Boosts 500 to 2800 MHz
HE TA1007 general-purpose amplifier provides 5 W output power from 500 to 2800
MHz and is well-equipped for wireless communications applications where small size
and light weight are required. Based on GaAs technology, it delivers 39-dB typical gain
and +37 dBm typical output power across its frequency range, with worst-case gain
variation of 3 dB. The ampilifier draws typical current of 1.9 A from a typical +12-V dc supply
when operating in a 50-Q system. The amplifier comes with high-speed on/off control as well as
over-, under-, and reverse-voltage protection.
TRIAD RF SYSTEMS INC.
11 Harts Ln., Ste. 1, East Brunswick, NJ 08816; (855) 558-1001, e-mail: sales@triadrf.com, www.triadrf.com

Calibrated Sources Help Measure Noise

ALINE OF calibrated noise sources features 10 new models to provide
the reference levels for noise measurements in frequency bands from
10 kHz to 18 GHz. The additions include excess-noise-ratio (ENR) levels
from 15 to 30 dB with VSWRs as low as 1.25:1. The temperature coef-
ficients are better than 0.01 dB/°C and variations in output noise levels
are held to less than 0.1 dB/%V. The noise sources feature 50-Q hybrid
circuit-board assemblies with packaged noise diodes and other discrete components tuned for optimum performance. The
noise source assemblies are enclosed in rugged metal enclosures with SMA female connectors and, depending on the
model, either solder pin or BNC female dc connector. All models are designed to meet MIL-STD-202F environmental require-
ments for humidity, shock, and vibration, and all models have EAR99 export classification.

FAIRVIEW MICROWAVE INC.

301 Leora Ln., Ste. 100, Lewisville, TX 75056; (800) 715-4396, (972) 649-6678, www.fairviewmicrowave.com
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NEW PRODUCTS

DC Blocking Dividers/Combiners Extend from 2 to 16 Ways
SERIES OF DC blocking power dividers/combiners includes models in 2-, 3-, 4-, 6-,
8-, 12-, and 16-way configurations to serve a variety of signal combining and dividing
requirements, such as receiver combining and antenna splitting in wireless communica-
tions networks. The dc blocking power dividers/combiners can be supplied with Type N,
SMA, BNC, and TNC connectors covering frequencies from 0.8 to 2.2 GHz, with single
broadband models covering 698 to 2700 MHz. The power dividers/combiners are made
in the U.S. and come with a 36-month warranty.
MECA ELECTRONICS INC.
459 East Main St., Denville, NJ 07834; (866) 444-6322, (973) 625-0661, http://www.e-meca.com/power-divider-combiners/
gps-dc-blocking-power-dividers

GaAs Schottky Doubler Extends to 80 GHz
HE MMD-3580L passive frequency doubler provides output signals from 35 to 80 GHz.
\e@ The frequency doubler uses GaAs Schottky diodes fabricated with a GaAs MMIC process.
\ ,,p@{.“l"fg‘ = It is available in the form of a bare die (model MMD-3580LCH) for wire-bonding and mounting
on a PCB, as well as with coaxial connectors, like model MMD-3580LU-KW with 1-mm
coaxial connectors. The doubler accepts input signals from 17.5 to 40 GHz input at maximum
power levels of +7 to +11 dBm and operates with typical conversion loss of 12 dB. It can handle as
much as +23 dBm power at any port and is designed for operating temperatures from —55 to +100°C.
MARKI MICROWAVE INC.
215 Vineyard Ct., Morgan Hill, CA 95037; (408) 778-4200, www.markimicrowave.com

Low-Noise VCO Tunes 1,500 to 3,200 MHz

THE DCMO150318-5 is a compact, low-noise voltage-controlled oscillator (VCO) that tunes from 1,500 to 3,200 MHz with
tuning voltages of +0.5 to +20.0 V dc. The surface-mountable VCO delivers +7 dBm output power when operating on a

bias supply of +5 V dc and 30 mA. It has typical phase noise of —93 dBc/Hz offset 10 kHz from the carrier and —153 dBc/Hz

offset 10 MHz from the carrier. Harmonics are typically —10 dBc. The oscillator, supplied in a miniature package measuring

only 0.5 x 0.5 x 0.18 in., is well-suited for automated-assembly processes.

SYNERGY MICROWAVE CORP.

201 McLean Blvd., Paterson, NJ 07504; (973) 881-8800, www.synergymwave.com

Versatile SPDT Switch Handles 1 to 6000 MHz

THE BSW7221 single-pole, double-throw (SPDT) switch provides broadband signal control from
1 to 6000 MHz for both 50- and 75-Q) systems. It achieves 43-dB isolation across that wide

frequency range, with low insertion loss of 0.49 dB. With switching speeds of 90 to 135 ns, the

SPDT switch is well-suited for such applications as Wi-Fi, cable television (CATV), Internet of

Things (loT), and fifth-generation (5G) wireless communications networks. It is supplied in a six-lead

UDFN package measuring 1.5 x 1.5 mm and operates on a single supply of +2.7 to +3.6 V dc.

BEREX INC.

3350 Scott Blvd., Ste. 6101, Santa Clara, CA 95054; (408) 452-5595, www.berex.com

= Sector Antennas Span 2.2 to 5.0 GHz

RFMW LTD. now offers design and sales support for 4 x 4 MIMO/MANET sector antennas from Southwest
Antennas, including the quad-polarized model 1009-036 (4.4 to 5.0 GHz) and dual-polarized model 1009-

34 (2.2 to 2.5 GHz) antennas. Both antennas offer 12-dBi gain and handle 50 W RF power. Integral mounts
offer 0 to 15 deg. of adjustable elevation downtilt in 2.5-deg. increments. The antennas incorporate Type
N female connectors and are protected by a UV-stable Kydex radome. The antennas include hardware for
mounting on 1- to 2-in.-diameter poles.
RFMW LTD., STOCKING DISTRIBUTOR FOR SOUTHWEST ANTENNAS
188 Martinvale Ln., San Jose, CA 95119; (408) 414-1450, e-mail: info@rfmw.com, www.rfmw.com
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Lowest Noise in the Industry

Phase Noise Performance at 10 GHz
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Wide Band, Fast Tune
Frequency Synthesizers

Industry Leading Performance!

The LUXYN™ MLVS-Series Frequency Synthesizers from Micro Lambda Wireless is one of the fastest and
quietest synthesizers on the market. Standard frequency models are available covering 500 MHz to 20 GHz
and 500 MHz to 10 GHz with options to cover down to 50 MHz and up to 21 GHz in a single unit.

With the lowest noise in the industry, (phase noise at 5 GHz is -130 dBc/Hz @ 10 kHz offset and at 10 GHz is
-125 dBc/Hz @ 10 kHz offset), these synthesizers are designed for low noise & fast tune applications such as
Receiving Systems, Frequency Converters and Test & Measurement Equipment.

US patents #9,793,904 B1, #9,734,099 B1

For more information contact Micro Lambda Wireless. MICRO LAM BDA
www.microlambdawireless.com V& WIRELESS, INC.

Micro Lambda is a ISO 9001:2015 Registered Company “Look to the leader in YIG-Technology”

46515 Landing Parkway, Fremont CA 94538 « (510) 770-9221 - sales@microlambdawireless.com



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

Application Notes

SIX TIPS FOR Developing Your Next Test System

F/microwave test systems are
each associated with specific cir-
cumstances, requirements, and
challenges. Three universal factors come
into play when defining any test system:

performance, speed, and repeatability.

factor that drives test requirements and
equipment choices in most scenarios.
Three tables are presented to show how
each of the three factors mentioned
affects the others.

Next, the importance of reviewing

Achieving the test system’s
required level of measure-
ment integrity involves
making tradeoffs between

the three factors men-

Keysight Technologies,
1400 Fountaingrove PKy.,

Santa Rosa, CA 95403-
1738; (800) 829-4444;
www.keysight.com

the nature and behavior
of the device-under-test
(DUT) is discussed. A
typical automated test

system  performs the

tioned. In the application
note “6 Hints for Enhancing Measure-
ment Integrity in RF/Microwave Test
Systems,” Keysight Technologies discuss-
es these tradeoffs and offers suggestions
on how to address common problems.
The first hint that is presented
the
performance, speed, and repeatability.

is regarding prioritization of

The application note states that one
or two of these will be the dominant

tasks of sourcing, mea-
suring, and switching. Deciding which
test instruments and cables to use de-
pends on the electrical and mechanical
attributes of the DUT. The application
note emphasizes the need to avoid mis-
matches at connections, among other
recommendations. Another point men-
tioned is the number and type of connec-
tors for signals and power, as this has an
impact on factors like the required size of

switch matrices used in a test system and
the complexity of system cabling.

Understanding, characterizing, and
correcting RF signal paths are discussed
next. The application note suggests that
the calibration plane be as close as pos-
sible to the DUT. The next hint is about
being aware of everything that is con-
nected to an instrument, as everything
between the instrument and the DUT
can affect instrument performance
and measurement repeatability. Three
factors to take note of here are cables,
switches, and signal conditioners.

The next topic concerns examining
the operational attributes of switches.
The operational attributes mentioned
are device longevity, power require-
ments, and fail-safe operation. Lastly,
the application note offers suggestions
to accelerate measurement setup and
execution time.

ENGINEERS RAISE THE BAR for Full-Screen Smartphones

FULL-SCREEN HANDSETS with edge-to-
edge displays and screen aspect ratios of
18:9 are now being introduced by smart-
phone manufacturers. However, these
features also come with their own set of
RF-related challenges. Specifically, the
space available for antennas is reduced,
potentially causing problems like shorter
battery life, connectivity issues, and lower
data rates. In the white paper “Overcom-
ing the RF Challenges of Full-Screen
Smartphones,” Qorvo explores the topic
of enabling next-generation handset de-
signs without sacrificing RF performance.

Smartphone manufacturers are transi-
tioning to full-screen designs—i.e., dis-
plays that occupy nearly the entire face
of the smartphone. Hence, less space is
available for antennas, which must be lo-
cated outside the area occupied by the
screen. And with phones becoming nar-
rower with the shift to 18:9 screen aspect

70

ratios, antennas must be shorter. In addi-
tion, the number of antennas required in
a smartphone is increasing, as more an-
tennas are needed to deliver higher data
rates using various approaches.

Reduced antenna area and length both
can impact antenna performance. Specif-
ically, reduced antenna area decreases
antenna efficiency. Bandwidth is also re-
duced, making it more difficult to optimize

diated power (TRP) and Rx sensitivity. To
compensate for these effects, increased
performance is required throughout the
Tx and Rx paths within the RF front end
(RFFE). The white paper explains that inte-
grated modules are important for achiev-
ing these performance improvements.
The white paper discusses approach-
es engineers can take to address full-
screen design challenges. One of them

efficiency at specific
bands. The white pa-
per notes the conse-
quences of affected
antenna performance,

Qorvo Inc.,
7628 Thorndike Rd.,

Greensboro, NC 27409;
(336) 664-1233;
www.qorvo.com

is increasing TRP, which
requires maximizing the
performance of compo-
nents in the Tx path. Such
components include power

as potential problems
include shorter battery life, poor con-
nections, reduced operating range, and
lower data rates.

Lower antenna efficiency and band-
width affect key transmit (Tx) and receive
(Rx) RF performance metrics like total ra-

amplifiers (PAs), filters, and
antenna tuners. Increasing Rx sensitivity,
which is another point mentioned, can be
achieved by utilizing high-performance
components like antenna-tuning solu-
tions, low-loss filters and duplexers, and
low-noise amplifiers (LNAs).
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Technology
BARRY MANZ | Owner, Manz Communications Inc.

Overthe-Air 1V
Gets a Makeover

ATSC 3.0 isn’t a tweak: It’s a complete transformation that combines over-the-air
content up to 4K UHD with streaming content from broadband, along with high-def

audio, interactive features, and lots more.

he first Advanced Television Standards

Committee (ATSC) standard for over-the-air

(OTA) digital television broadcast (ATSC 1.0)

was approved by the FCC in 1996. That was seven
years after the World Wide Web was created, when only 0.04%
of the world’s population had internet access and cellular
technology was in its second generation. It’s obviously time
for a change, and the new ATSC 3.0 provides just that—and
then some. In fact, ATSC 3.0 is so much more advanced and
comprehensive than its predecessor, it effectively makes OTA a
true competitor to cable, fiber, satellite, and internet streaming
for the first time.

With the vast majority of people receiving programming
via cable, fiber, or subscription video-on-demand (SVOD)
services like Netflix, Amazon, and Hulu, OTA probably seems
archaic. However, the usage of OTA has actually increased
about 4% per year in the last two years, mostly the result of
cord-cutters supplementing their SVOD service with local
content. The remainder of OTA users are mostly either people
who cannot afford broadband or cable, are happy with what
they get over the air, or simply don’t watch TV. ATSC 3.0
should increase penetration even further, as it has some
unique benefits.

Finalization of ATSC 3.0 effectively relegates ATSC 2.0 to
telecom history—even Wikipedia devotes a paltry 73 words
to the topic. The reason for the leapfrog from “1.0” to “3.0”
is that even though ATSC 2.0 exists as a standard with full
documentation, by the time it was finalized it was clear to the
ATSC that additional capabilities would be required to keep
OTA relevant in the future. Most of the features within ATSC
2.0 were “ported over” to ATSC 3.0, which is more compre-
hensive, requiring 20 standards and more than 1,000 pages of
documentation.
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ATSC 3.0 should serve the broadcast industry for a very
long time, as it includes features previously available only via
cable, fiber, or internet streaming, as well as some that aren’t
available from any other source. To provide such features,
while also allowing the standard to accommodate enhance-
ments in the future, ATSC 3.0 (unlike ATSC 2.0) is not back-
ward-compatible with current ATSC 1.0 tuners.

To receive OTA channels, consumers will need new TVs,
dedicated streaming boxes, external tuners, or a new type of
appliance called a home gateway. The need to replace existing
equipment was a major concern as the standard was being
developed. Thus, last November, the FCC ordered broadcast-
ers choosing to begin voluntary ATSC 3.0 transmission to
simulcast ATSC 1.0 signals so that OTA viewers could retain
service. The ATSC 1.0 simulcasts must offer similar program-
ming to ATSC 3.0 channels for five years.

Based on the current pace of ATSC 3.0 rollouts, ATSC
3.0-enabled equipment, from TVs to home gateways and
other ATSC 3.0 enablers, will be available a lot sooner than
five years. In fact, at the Consumer Electronics Show (CES)
in January—where with much fanfare the “ribbon cutting” for
ATSC 3.0 formally took place—ATSC 3.0-capable TVs were
announced by almost every manufacturer.

The drive to accelerate the pace was driven primarily by
the South Korean government and its major manufacturers.
LG Electronics introduced the world’s first ATSC 3.0-capable
4K TV for the Korean market early last year with Samsung
following shortly thereafter. The service is already available
in Seoul and some other areas of the country from its lead-
ing terrestrial broadcasters, and the entire country should be
covered by 2021. The 2018 Winter Olympics in PyeongChang
showcased the country’s accomplishments, as multiple events
were broadcast OTA in 4K.
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1. The ATSC 3.0 broadcast system as envisioned by the NAB shows the ability to use some existing broadcast equipment along with the new

equipment that will be required. (Source: NAB)

In the U.S., the ATSC 3.0 rollout will take longer. However, it
probably will not take as long as projected, as it is not the com-
plete paradigm shift that 2009’s analog-to-digital transition
was. Sinclair Broadcast Group, the largest TV station operator
in the U.S., and Korea’s SK Telecom have signed a pact to build
an ATSC 3.0 platform before this July.

The platform, called NG TV platform (for next generation),
will deliver 4K content, customized IP-based interactive ser-
vices, personalized and location-based advertising, fixed and
mobile broadcast service, and emergency alerting. Sinclair’s
deployments and others should help speed the release of 4K
content, which is currently mostly the domain of Blu-ray play-
ers, satellite providers DIRECTV and Dish, as well as Netflix,
Amazon, and Comcast.

WHAT’S INSIDE ATSC 3.0

ATSC 3.0 is an IP-based technology that combines OTA
signals (i.e., received from an antenna) with supplementary
content delivered via broadband, thereby making it a hybrid
system (Fig. 1). The result is a combination of the interactive
capabilities of streaming with the low cost of “one-to-many”
OTA broadcast and the high image and audio quality of cable
or satellite T'V.

The ability to integrate internet-delivered content with that
from OTA paves the way for finely-targeted advertising and
two-way interactive services, as well as authenticated, tiered
broadcast services. ATSC 3.0 supports legacy SD video resolu-
tions up to 720 x 480, interlaced HD video resolutions up to
1,920 x 1,080, and progressive-scan video with resolution up

GO TO MWRF.COM

to 3,840 x 2,160 and frame rates up to 120 fps, as well as digital
watermarking of the audio signal and video signal.

In addition, ATSC 3.0 enables the long-awaited overhaul of
the Emergency Alert System (EAS) via an Advanced Warning
and Response Network (AWARN). Rather than a simple alert,
it can deliver photos, surveillance video, storm tracks, evacu-
ation routes, shelter instructions, hospital wait times, power
outage locations, and other information. It can also “wake up”
devices that are not powered on to deliver alerts.

Although TVs will soon be ATSC 3.0-compatible, the
home gateway is also appealing. It performs multiple func-
tions, combining OTA and internet-delivered content and
sending it to a Wi-Fi router to stream devices throughout
the home. As indoor reception is projected to be much bet-
ter than with ATSC 1.0, many areas won't require an out-
door antenna. Instead, the antenna will be part of the home
gateway. Greater signal strength is achieved by adaptable
frequency capability that lets signals travel further and pene-
trate deeper into buildings and other RF-constrained places.

LG Electronics has been showing such a device called an
“ATSC 3.0 Smart Antenna” at CES for the last three years
(Fig. 2). The module employs an electronically-steerable
directional antenna and is very small, allowing it to be placed
almost anywhere in a home. It integrates an ATSC 3.0 tuner-
demodulator system-on-a-chip (SoC) and ATSC 1.0 analog
tuner for backward compatibility. The National Associa-
tion of Broadcasters (NAB) has developed its own gateway
architecture through its PILOT initiative that has similar
capabilities.
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Over-the-Air TV

lthough TVs will soon be ATSC 3.0-compatible, the home

gateway is also appealing. It performs multiple functions,
combining OTA and internet-delivered content and sending it to a Wi-
Fi router to stream devices throughout the home. As indoor reception
is projected to be much better than with ATSC 1.0, many areas won'’t

require an outdoor antenna.

2. The LG Electronics ATSC 3.0 Smart Antenna combines the ability
to receive OTA broadcast using an electronically-steerable antenna

with an Ethernet interface to broadband to provide over-the-top
content. An ATSC 1.0 tuner allows for backward compatibility. The
combined signals are connected to a Wi-Fi router for distribution
throughout a home. (Source: LG Electronics)

KEY TECHNOLOGIES

When the ATSC 1.0 standard was developed, it was based
on the analog TV formula in which every channel was
allocated 6 MHz of spectrum. This was enough bandwidth
to deliver digital video at 19.39 Mb/s and to accommodate
two HDTV and three SDTV channels. Now, in this same
6-MHz channel, ATSC 3.0 uses a more spectrally-efficient
H.265 HEVC, (High Efficiency Video Coding) video
compression technique rather than MPEG-2 used in ATSC
1.0. This makes it possible to transmit more video content
with less data—it delivers 4K video in half the bandwidth
of ATSC 1.0.

ATSC 3.0 also has better audio compression via Dolby
AC-4 rather than the current Dolby AC-3 and supports
viewing on ATSC-3.0-capable mobile devices as well
as enhanced video capabilities from 3D to high dynamic
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DRIVING SAFELY WITH [E[WZaN
EMERGENCY ALERT

The National Weather Service has issued a SEVERE
STORM WARNING for the following
as: Suffolk; Norfolk, MA at 12:13 PM

on SEPT 30, 2017 Effective until 3:13 PM

| Tune to News

..Show Map.

3. ATSC 3.0 enhances the concept of a digital dashboard by deliver-
ing audio, 4K video, text alerts, and other features to vehicle infotain-

ment systems. (Source: NAB)

range (HDR), high frame rate (HFR), and wide color gamut
(WCG) technology currently available only via wired and
satellite solutions. ATSC 3.0’s mobile television support is
enabled by its more robust signals, and the broadcast and
automotive industries are working with developers to create
an alternative to cellular-based delivery of everything from
telematics and infotainment to diagnostics and emergency
alerting (Fig. 3).

COMING SOON(ER)

ATSC, NAB, and the broadcast industry have been work-
ing on upgrading the current standard for years. More than
12,000 patents have been issued to U.S., Korean, Japanese, and
European companies. Although full deployment of ATSC 3.0
in the U.S. is still several years away, consumers considering
upgrading to a 4K TV might be wise to delay that decision,
as the benefits of ATSC 3.0 seem to be worth waiting for. It’s
likely that smartphones will incorporate it in the next two
years, as well as vehicles. In short, OTA might seem as archaic
as “rabbit ears,” but the new standard not only rejuvenates it,
but makes it both a complement to existing delivery systems
and a new competitor as well. Il
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JOHN DUNN | EM Technologist, AWR Group, NI
www.awrcorp.com

Dive into EM/Circuit
Co-Simulation of a T/R Front-
End Module and Actively-
Scanned Array, Part 1

This article, part 1 of a two-part series, investigates the challenges associated
with multi-technology circuit and EM simulation while also explaining how design
software can address these challenges.

G is poised to bring

more integrated and

sophisticated antenna

and circuit modules to
the modern defense and commercial
electronics markets. For example, Fig. 1
shows the type of antenna module that is
now being prototyped by manufacturers
like IBM and Ericsson.! This 28-GHz
5@G antenna module is a 2.8 x 2.8 in, 8
x 8 patch array with 64-dual polarized
elements and four monolithic micro-
wave integrated circuits (MMICs) using
a silicon-germanium (SiGe) process.

Other proposals in the design com-
munity use a combination of silicon
and gallium-arsenide (GaAs)/galli-
um-nitride (GaN) technologies. The
advantages of these types of modules
are lower cost, smaller size, integration
of multiple technologies, and ease of
deployment.

This article, part 1 of a two-part series,
examines today’s multi-technology cir-
cuit and electromagnetic (EM) simula-
tion challenges and the software tools
that are needed to support the successful
design of 5G products. Part 2 presents
examples that illustrate the use of multi-
technology in an EM simulation and
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EM/circuit co-simulation of an active-
ly-scanned antenna array. Advanced
technologies, such as parameterized 3D
cells, shape pre-processing and simpli-
fication, 3D EM extraction, and in-situ
measurements, are described.

1. Shown is a 2.8-x-2.8 in. 28-GHz 5G
antenna module with integration of multiple
technologies.

MULTI-TECHNOLOGY CIRCUIT
AND EM SIMULATION CHALLENGES
Designers of 5G products need RF/
microwave software tools that enable
them to work with multiple technolo-
gies integrated into one module, such
as the dual-band transmit/receive (T/R)

prototype module shown in Fig. 2. This
wireless local area network (WLAN)
module incorporates many different
technologies integrated together, such
as a GaAs power amplifier (PA), a SiGe
PA (because much of the control elec-
tronics will be silicon), various surface-
mount components, bulk-acoustic-wave
(BAW)/surface-acoustic-wave (SAW)
filters (very popular for mobile tech-
nology), and low-temperature co-fired
ceramic (LTCC)/printed-circuit-board
(PCB) technology with integrated pas-
sives. To support this type of design, the
software design environment must over-
come two big challenges.

DIFFERENT PHYSICAL
TECHNOLOGIES

5G designers will need to use several
different physical technologies (such
as GaN, GaAs, ceramic, and silicon for
the chips), as well as various board and
module technologies (for example, low-
loss organic materials for the boards and
ceramics for the modules). The EM sim-
ulator must support these multiple tech-
nologies (commonly called multi-tech-
nologies) by being able to use multiple
libraries or process design kits (PDKs).
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GaAs power amp
1.9 GHz

SiGe power amp —
2.5 GHz

Surface-mount
components

LTCC/PCB module technology
with integrated passives

2. This figure illustrates a T/R dual-band WLAN module with many integrated technologies,

which will connect to an antenna array.

These different technologies will exist in
the same EM simulation if the geometry
is a transition region between a chip and
a module. The simulation environment
must therefore support co-existence of
libraries in the same project.

DIFFERENT EM AND CIRCUIT
SIMULATORS

Different EM and circuit simulators
will also be required, depending on the
specific geometry and desired infor-
mation. The software needs to support
time-domain, frequency-domain, and
more complex modulation-domain
circuit simulators. In the time domain,
SPICE-like simulators for SPICE-based
models, silicon chips, and interconnect
lumped parasitic nets will be needed.

Frequency domain (harmonic bal-
ance) will be needed for RF simula-
tion of PAs and filters. Multi-technol-
ogy designs will require a modulation
domain for complex coding schemes,
such as LTE, in which the carrier is
deeply modulated and not periodic.
Using simply SPICE or harmonic bal-
ance will not be sufficient, and designers
are now moving towards more sophis-
ticated hybrid simulation methods that
the software will need to support.

Different EM simulation technologies
are required, depending on the geom-
etry being simulated. Planar EM simula-
tors have higher capacity and speed for
traditional planar-type layouts on PCBs
and chips. For example, planar distrib-
uted filters, PA distribution manifolds,

- [@d EM Structures
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- | o
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= q BB Duplicate .
i O P Delete
= : B3 Export EM Structure..,
) {
=d 8 Export Layout...

=5 To EM Socket Partners

[ User From EM Socket Partners

Gain and Return Loss

and interconnects on the board or chip
are usually simulated with planar EM
simulators. 3D simulators are required
for transition regions between different
technologies—for example, between a
board and ball-grid array (BGA) module,
or a module and a chip using bond wires.

MULTI-TECHNOLOGY DESIGN
IN EM

EM is one of the bigger challenges
in multi-technology design, mainly
because more than one manufacturing
technology is being used. For example,
transitions between a chip on a board
or a module and a chip involve multiple
technologies. This requires two or more
libraries (commonly called PDKs) for
the various board, module, and chip
technologies being used. Each library
has a different stackup, artwork cells,
and design rule checks (DRCs).

Using multiple libraries for different
EM simulators also has complications
because the stackup information can be
different; material properties and ports
and boundaries can be treated in differ-
ent ways; and there are different simu-
lation settings, such as solver accuracy
and frequency ranges for each simulator.
Drawing and layout creation is also a
problem, since 3D and planar layouts
typically have differences in their con-
struction.

NI AWR Design Environment soft-
ware offers a unique EM Socket tech-

Loss (d8)

e
=

Ty
o

3. EM Socket allows users to take advantage of third-party EM tools. Shown here is AWR Connected for HFSS.
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Multi-Technology Circuit and EM Simulation

nology that provides one unified envi-
ronment for controlling multiple EM
simulators. These simulators include
AXIEM planar and Analyst 3D finite-
element method software, as well as
third-party EM tools. Figure 3 illustrates
the AWR Connected for ANSYS HFSS
that integrates HFSS with NI AWR soft-
ware. Most of the layout is created in the
AXIEM planar EM simulator shown on
the left. HFSS is then selected as the EM
simulator (middle). The resulting HFSS
dataset is imported back into Microwave
Office circuit design software to tune,
optimize, perform yield analysis, and
verify results (right).

NI AWR Design Environment
addresses the issue of using of both a
3D and a planar simulator in the same
design by assuming chips, boards, and
modules are essentially planar layouts
with 3D “islands” While designers can-
not draw 3D arbitrary shapes in a pla-
nar environment, they can import 3D
shapes from a library of pre-drawn stan-
dard cells such as BGAs, bond wires,
SMA connectors, and more.

A full 3D editor interfaces with the
design environment if needed. Library
(PDK) support for multiple technolo-
gies in NI AWR Design Environment is
available for both the Microwave Office
circuit simulator, where models from

4. Shown is a multi-technology layout of a MMIC in a
QFN package on a Duroid PCB. Three technologies are

employed.
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MMIC technology

the different PDKs are used, and the
EM simulators, where the artwork cells,
materials, and stackup properties of the
various PDKs are available.

HIERARCHY TECHNOLOGY

Hierarchy technology is available
within Microwave Office to enable and
organize the use of multiple PDKs (Fig.
4). Designers can use different technol-
ogies at the same time by assigning a
technology to each layout cell. Differ-
ent layouts/technologies can then be
embedded within one another as cells
and sub cells. Ports and boundaries are
added at the highest level of hierarchy.
The final layout is then flattened into a
single layout and sent to the EM simula-
tor. Clearly, a 3D EM simulator such as
Analyst makes the most sense for multi-
technology layouts.

Board
technology
e Boundary
® Ports

MMIC in QFN package on Duroid PCB

CONCLUSION

Complex 5G and radar infrastructure
requires the integration of antennas and
circuitry. The challenge for EDA soft-
ware is to support multiple technologies
that require different circuit and EM
simulators. Hierarchy at both the circuit
simulation and EM level can be used to
control multi-technology designs. Part
2 of this article will discuss EM/circuit
co-simulation for antenna and circuit
interactions, which can be modeled with
in-situ simulation. [

REFERENCES

1. http://www.microwavejournal.com/articles/27830-
ibm-and-ericsson-announce-5g-mmwave-phase-
array-antenna-module

Note: A video from EDI CON 2017 demonstrating EM/
circuit co-simulation within NI AWR Design Environ-
ment is available for viewing at: https.//www.youtube.
com/watch?v=F_48_RXQrvM&feature=youtu.be
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Design Feature
JACK BROWNE | Technical Contributor

Plug-In Sensor Measures
Peak and Average Power

to 8 GHz

With both Ethernet and USB ports, this
peak power sensor and its easy-to-

use software can transform a personal
computer into a versatile measurement
instrument with 8-GHz range.

F/microwave power measurements at one time

suggested the need for a power meter and sepa-

rate power sensor built for the frequency and

power measurement ranges of interest. But with

C smart power sensor from Mini-Circuits, a

PC, and Microsoft Windows-based measurement software

downloadable from the Mini-Circuits website, a compact

power-measurement instrument can be assembled with fre-

quency range of 10 MHz to 8 GHz. The instrument would also

have power measurement range of —60 to +20 dBm for both

pulse-modulated and continuous-wave (CW) peak and aver-
age power levels.

The smart power sensor includes both Ethernet (RJ45 recep-
tacle) and USB interfaces for connection to a PC. It includes
trigger in and out ports for synchronization with external test
equipment, and provides a video output (dc to 10 MHz) for use
with systems requiring an automatic-level-control (ALC) con-
nection. The PWR-8P-RC (see figure) is well-suited for profiling
CW signals, remote power monitoring of communications
signals, and measurement of short pulsed waveforms, such as
radar pulses. Under USB control, the power sensor’s current
consumption is typically 400 mA, while under Ethernet control,
current consumption is typically 540 mA.

The smart power sensor is capable of measuring pulses
typically as short as 5 us with duty cycles down to 0.001%.
Combined with its easy-to-use software, the power sensor can
capture the power levels of a wide range of input signals, and
then graphically depict CW power levels and an assortment of
pulsed signal parameters, including peak power, rise and fall
times, crest factor, and pulse width.

The PWR-8P-RC is able to measure power for signal events
across a capture period of 0.01 to 2.5 ms, applying a sampling
rate of 2 ps. For reduced sampling rates, it can extend the

80

The PWR-8P-RC smart power sensor

has Ethernet and USB ports for connection to a PC
running MS Windows-based software. Measurements of
peak and average power levels for pulse-modulated and CW signals
are possible from -60 to +20 dBm ranging from 10 MHz to 8 GHz.

capture period to as long as 1000 ms. The sensor offers a maxi-
mum pulse profiling bandwidth of 100 kHz.

The smart power sensor can be used for measurements at
operating temperatures from 0 to +50°C. It provides measure-
ment resolution of 0.01 dB and exhibits a worst-case VSWR of
1.25:1 and typical VSWR of 1.15:1. It offers excellent measure-
ment accuracy across its frequency and power measurement
ranges. At room temperature (+25°C), across its full power
measurement and frequency ranges, the typical measurement
accuracy is +0.10 dB.

For the extended operating temperature range of 0 to +50°C,
when measuring the lowest power levels (=55 to =50 dBm),
the typical power measurement accuracy across the full fre-
quency range is +0.35 dB or better. For that same temperature
range, when measuring power levels from —50 to 0 dBm across
the full frequency range, the power measurement accuracy is
typically £0.15 dB or better. For measurements of the highest
power levels (0 to +20 dBm) across all frequencies at operating
temperatures of 0 to +50°C, the typical power measurement
accuracy is +0.10 dB.

Full software for the power sensor can be downloaded from
the Mini-Circuits website, including the Windows-based
graphical user interface (GUI) with its extensive pulse-pro-
filing features and a full application programming interface
(API) with instructions for Windows and Linux 32- and 64-b
environments. The power sensor includes a 6.8-ft.-long USB
cable and female Type N to male SMA adapter as accessories.
The smart power sensor measures 4.85 x 2.50 x 1.20 in. (123.1
X 63.5 x 30.5 mm) with a Type N connector. P&A: $1,895.00;
stock. [

MINI-CIRCUITS, P. O. Box 35166, Brooklyn, NY 11235-0003; (718)
934-4500, www.minicircuits.com.

MARCH 2018 MICROWAVES & RF


http://www.minicircuits.com

Interview
CHRIS DeMARTINO | Technology Editor

Can S-SIX
Technology

Make Full-Duplex
Communication

a Reality?

In this Q&A, Sriram Vishwanath, co-founder of GenXComm, talks about the self-
interference cancellation technology his company has developed and the benefits it

offers.

Can you tell us about simultaneous self-interference can-
cellation (S-SIX) technology?

S-SIX is designed to enable wideband (around 1 GHz), low
noise figure, tunable self-interference cancellation in both
the analog and digital domains. It has traditionally been very
difficult to achieve such wide bandwidths, tunability, and low
noise figures for analog/RF systems. S-SIX is uniquely capable
of achieving this, thus allowing for the design of good interfer-
ence-cancellation systems.

Interference-cancellation systems that do not possess these
characteristics may remove interference, but in doing S0,
introduce considerable noise. This can drastically impact
the link budget, causing the system performance to be poor.
Moreover, without wideband tunability, a new component
would be required for any changes, giving the system no agility
and reconfigurability. S-SIX offers it all in one: a solution that
works across bands, with a noise figure that does not impact
the link budget while eliminating interference.

What are some of the benefits of this technology?
Furthermore, what applications will it enable?

The most obvious benefit of S-SIX is full-duplex commu-
nication, but there are many other benefits. By cancelling
interference in a wideband manner, the solution is also a tun-
able filter that can eliminate interference in adjacent and/or
overlapping bands. This results in multi-channel/multi-band
radios that can operate in adjacent bands (without a guard
band) simultaneously, without leakage into one another.

It also results in much better range extenders, mesh net-
works, and other ways in which radios can operate in two or

GO TO MWRF.COM

more bands simultaneously. Further, it results in radios that
can coexist on a multi-RAT platform. This includes LTE and
‘Wi-Fi coexistence, as well as LAA/Wi-Fi coexistence.

GenXComm (www.genxcomm.com) has already publicly
demonstrated its technology. Can you talk about what you
found?

We found a genuine interest in full duplex across market seg-
ments and communities. The notion that we waste half the spec-
trum and can use it using S-SIX is immediately obvious across
these segments. In one public demonstration, we turned our
cancellation off and on, and the rapid change in performance
made the impact of full duplex much more real to the audience.
These demonstrations also help dispel some misconceptions
about S-SIX: that it is only good for full duplex—and even then,
[that] it just works in a lab environment. Self-interference can-
cellation does much more than full duplex (as listed in the ques-
tion above), and it does work robustly indoors and outdoors.

The company recently announced the initial closing of a
$9 million Series A investment round. Can you tell us more
about that, as well as what we can expect to hear in the future?

The company recently closed a total $9 million in Series A
($7 million first close and a $2 million second close). We raised
our Series A with a focus on delivering products to make our
motto “Life without Interference” a reality across market seg-
ments. We are actively hiring—please spread the word!

We are planning to announce new partnerships and demon-
strate our next-generation product in 2018. This is going to be
an exciting, action-packed year for GenXComm. G
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MICHAEL SCHEFTER | Chief Scientist, Norsat International

www.norsat.com

What Makes Ka-band
Systems Tick?

Ka-band satellites have arrived after more than two decades of trials, testing, and
small commercial attempts. Their designs still bring up some important issues,

though.

Ithough Ka-band satellites have been around

for more than 20 years, many early versions
did not have commercial services. However,
over the last few years, more commercial Ka-

ate ve been launched into space with powerful
narrow beams that provide huge throughputs. Table 1 depicts
the commercial Ku and Ka frequency bands.

Currently, Ka-band equipment is more expensive due to
the high cost of Ka-band microwave power components and
the higher accuracies required for waveguides, antennas, and
antenna superstructures. Volume manufacturing has started
to reduce this cost, making some low-power systems more
affordable.

However, Ka-band does present some challenges, many
of which can be mitigated by new high throughput satellites
(HTSs) or with the proper design of the ground equipment.
This article will look at the system impact of channel proper-
ties, including propagation and rain degradation.

TABLE 1: SUMMARY OF KA AND KU UPLINK

AND DOWNLINK FREQUENCIES

Earth to space 13.75-14.5 GHz 29 - 30 GHz
(uplink) or 29.5 - 30 GHz
Space fo earth 10.7-12.75 GHz 17.2 -20.2 GHz
(downlink) usually in 500 or 750- in 1-GHz bands
MHz bands
Polarization Linear orthogonal Circular orthogonal
SATELLITE LINK DESIGN

Simply due to physics, Ku- and Ka-band systems perform
differently in terms of propagation loss, rain attenuation,
increased noise during rain, low-noise-block-downcoverter
(LNB) noise figure (NF), and antenna gains. Some of these dif-
ferences cancel each other out, while others are mitigated with
satellite design, earth station design, and/or link parameters.
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The actual satellite design is beyond the control of most
satellite-communication link designs. The design of a sat-
ellite-communication link is based on a link budget. The
link budget defines the transmit effective isotropic radiated
power (EIRP) and receive gain-to-noise-temperature (G/T)
required to close a link, given design parameters such as
availability, data rates, modulation, coding, antenna sizes,
block-upconverter (BUC) power, and LNB performance.
These parameters affect cost, service-level agreements
(SLAs), throughput, and bandwidth requirements, among
others. Tradeoffs can be made with various parameters to
tailor a solution for a given application.

The following sections present a comparative link budget
for discussion. Several properties of the link budget are dis-
cussed relative to system performance, including propagation
loss, rain attenuation, and the increase in noise due to rain.

COMPARATIVE LINK BUDGET

One comparison of Ku- and Ka-band system performance is
provided in Table 2, which offers a pseudo real-world example
of Ku- and Ka-band link budgets. This link budget is represen-
tative of an inbound transmission in which a 1-meter antenna
transmits toward a large hub. In this example, the satellite has
both Ku- and Ka-band spot beams. These satellite parameters
are representative; changes to these parameters can greatly
influence system performance. In this example, the overall
link availability is 99.5%. The transmit and receive earth sta-
tions are co-located in an International Telecommunications
Union Rain Region K. The link budgets were prepared using
the Satmaster Software.!

Typically, link budgets assume that only one of the uplink or
downlink links are affected by rain. The worst case is usually
assumed. In the example link budget in Table 2, the overall
Ep/(Ny+1,) is based on an uplink affected by rain, while the
rain degradations on the downlink are included for further
discussion.
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TABLE 2: COMPARISON OF KU AND KA LINK BUDGETS

Clear sky Rain Clear sky Rain
Uplink
Transmit EIRP 46.18 dBW 49.65 dBW 46.22 dBW 56.20 dBW
Free space loss 207.45 207.45 dB 213.49 dB 213.49 dB
Atmospheric absorption 0.22 dB 0.38 dB 0.38 dB 0.80 dB
Scintillation 0.00 dB 0.49 dB 0.00dB 0.37 dB
Cloud 0.00 dB 1.15dB 0.00dB 2.68 dB
Rain 0.00 dB 2.71dB 0.00dB 8.06 dB
Total degradation 0.22 dB 4.27 dB 0.38 dB 11.54 dB
Satellite G/T 6 dB/K 13 dB/K
Ep/(Notlo) 6.75dB 6.79 dB 6.71 dB 6.82 dB
Downlink
Satellite EIRP 52 dBW 64 dBW
Free space loss 205.93 dB 205.93 dB 209.91 dB 209.91 dB
Atmospheric absorption 0.18dB 0.28 dB 0.34 dB 0.77 dB
Scintillation 0.00 dB 0.39 dB 0.00dB 0.23dB
Cloud 0.00 dB 0.81dB 0.00dB 1.22dB
Rain 0.00 dB 1.74 dB 0.00dB 3.71dB
Total degradation 0.18 dB 2.86 dB 0.34 dB 5.71dB
Noise increase due fo precipitation 0.00 dB 2.90dB 0.00 dB 2.96 dB
Receive G/T 31.00dB 28.10dB 33.58 dB 30.63 dB
Ep/(No+lo) 6.87 dB 8.46 dB 6.92 dB 15.18 dB
Overall
Ep/(No+lo) 3.80dB 3.80dB 3.80dB 3.80dB
PROPAGATION LOSSES antenna, which is half the diameter of a Ku-band antenna,

A geostationary satellite is located about 36,000 kilometers
above the equator, creating a huge propagation loss from the
earth station to the satellite. For the earth-to-space link, the
propagation loss is about 6 dB worse for Ka-band than for
Ku-band. For the space-to-earth link, the propagation loss is
about 4 dB worse.

Free-space loss is proportional to the square of the signal
wavelength. Antenna gain is also proportional to the square of
the signal wavelength. Thus, all other parameters being equal,
the increased gain of the transmit and receive earth antennas
at Ka-band compensates for this increased free-space loss. In
the link-budget example in Table 2, the antenna efficiencies
are not the same; Ka-band is assumed to be slightly less effi-
cient as is typical in practice.

Since the gain of the antenna at Ka-band is higher than
at Ku-band, smaller antennas are often used. Requirements
for a smaller antenna can be the result of application-relat-
ed size constraints (i.e., COTM applications), portability
requirements, or simply cost. For transmitting, a Ka-band
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will provide about the same gain as the Ku-band antenna.
For receiving, a Ka-band antenna that is about 65% of the
size of a Ku-band antenna will deliver similar gain as the
Ku-band antenna.

SIGNAL DEGRADATION DUE TO RAIN

Over the years, there have been many studies on rain degra-
dation at Ka-band. Simply put, signal degradation due to rain
is much more pronounced at Ka-band than at Ku-band for a
given link availability requirement, elevation angle of antenna,
and rain region.

In Table 2, the link budget for each of the uplinks and down-
links were specified to have a link availability of 99.75%; the
rain region for both transmit and receive earth stations was
Rain Region K. The signal degradation would be less in drier
environments and in applications where the link availability
can be reduced. Conversely, rain degradation will increase in
wetter environments, or in cases where the link availability
requirement is higher.
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Ka-band Systems

n the receive side, the system performance is determined

by the G/T, which includes the receive antenna gain (G)
and the system noise temperature (T). The system noise temperature
includes contributions from antenna noise temperature and the LNB noise

temperature or NE.

In Table 2, the signal degradation in the Ku-band uplink
due to rain is about 4.3 dB. For Ka-band, the uplink signal
degradation is about 11.5 dB. For Ku-band, the downlink
signal degradation due to rain is about 2.9 dB; for Ka-band, it
is about 5.7 dB.

As noted earlier, overall performance is usually based on
the worst-case scenario of uplink or downlink degradation.
This is because it is assumed that it will not be raining at both
the uplink and downlink sites at the same time. Of course, in
the above example, it would be raining at both the uplink and
downlink sites, as they are co-located. The link budget was
calculated using only the worst-case link, which in this case,
is the uplink.

INCREASE IN NOISE DUE TO RAIN

In addition to signal attenuation due to rain-related phe-
nomena, the noise seen at the receive antenna increases during
rain events. In Table 2, we see the noise increase by almost 3 dB
for both Ku- and Ka-band. The atmospheric noise tempera-
ture due to rain is independent of frequency and is propor-
tional to the signal attenuation.? The effect of the rise in noise
temperature on link performance is a degraded G/T. The link
performance is degraded not only by the attenuation of the
received signal, but also due to increased noise temperature.

Note that in the link budget, it was assumed that only the
uplink was affected by rain. Therefore, overall E,/(N,+1,) does
not include this increase in noise.

EIRP PERFORMANCE

The transmit EIRP calculated in the link budget is the EIRP
required to close the link based on the satellite performance
and the design parameters of link availability, coding and
modulation, and receive antenna. EIRP is calculated as the
BUC transmit power in dBW plus the antenna gain in dBi.
Using smaller antennas mean using larger BUCs for the same
EIRP. Small antennas with large BUCs may exceed the regula-
tory off-axis EIRP requirements.

The required system EIRP varies considerably between
clear sky and rain fade. In Table 2, the difference between the
EIRP required for clear sky and rain fade is about 3.5 dB for a
Ku-band system and 10 dB for a Ka-band system. This means
for a given antenna size, the BUC power for clear sky is less
than half of that required for rain conditions.
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For the Ka-band system, the BUC power required at clear
sky is about one-tenth of that required for a faded condition.
Designing for faded conditions would require a much larger
BUC. For example, in Table 2, an 8-W BUC is required for
the Ka-band faded condition. In contrast, the same link per-
formance can be achieved in clear sky with less than 1 W. A
drawback of using a larger BUC is that without uplink power
control (ULPC), the link may use a larger percentage of the
satellite transponder power than the percentage of transponder
bandwidth. Thus, the user would need to pay for this power-
equivalent bandwidth, resulting in increasing operating costs.

RECEIVE G/T

On the receive side, the system performance is determined
by the G/T, which includes the receive antenna gain (G) and
the system noise temperature (T). The system noise tempera-
ture includes contributions from antenna noise temperature
and the LNB noise temperature or NE. A “good” Ku-band LNB
has a NF of about 0.7 dB. For Ka-band, it would need to have a
NF of about 1.3 dB to be considered “good.” Typical LNB NFs
at Ku-band are 0.7 to 0.8. At Ka-band, they are typically 1.3 to
1.6 dB.

For the same size antenna, antenna noise temperature is
higher at Ka-band. The additional gain of the antenna means
G/T for the same size antenna is usually better than the Ku-
band antenna despite the higher NF and antenna noise. Table 3
compares the clear sky G/T between Ku- and Ka-band systems.

AB OMPA ON O A
O AND KA-BAND
1-m antenna receive gain 40.1 dBi 44.1 dBi
Tant (af 20-deg. elevation) 46 K 80K
LNB NF 0.7 dB 1.3 dB
G 19.6 dB/K 20.8 dB/K

The Ka-band G/T in clear sky is 1.2 dB better. This result
implies that if the Ku- and Ka-band signal at the receive
antenna are the same, the Ka-band system Ey/(N,+1,) would
be 1.2 dB better. This margin could be used to increase
throughput by almost 33% at the expense of bandwidth.
More throughput in the same bandwidth could also be
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6-GHz Absorptive SPDT Switch
Has USB, 12C, and SPI Control

Mini—Circuits’ model U2C-1SP2T-63VH
is a high-isolation absorptive single-
pole, double-throw (SPDT) switch with USB, I°C, and SPI control
interfaces. It features high port-to-port isolation and low insertion
loss from 10 to 6000 MHz and is well suited for large-volume,
production testing. As many as 30 units can be connected in serial
under SPI control, while as many as 8 units can be connected under
I2C parallel control. The 50-Q component hot switches input levels
to 2 W and has typical switching speed of 700 ns. Insertion loss
ranges from 3.2 dB at 700 MHz to 5.0 dB at 6000 MHz. Typical
isolation between ports is 110 dB from 10 through 5000 MHz

and 105 dB from 5000 to 6000 MHz. The RoHS-compliant SPDT
switch measures 3.0 x 2.0 x 0.47 in. with SMA female connectors.
A user-friendly GUI for Windows and programming support can be
downloaded free of charge from the Mini-Circuits’ website.

Coaxial Amplifier Combines Low Noise,
Flat Gain from 0.1 to 20 GHz

M ini-Circuits’ model ZVA-213UWX+
is an ultrawideband amplifier in a e
coaxial package with wide dynamic range &
from 0.1 to 20.0 GHz. It has typical gain
of 14 dB from 0.1 to 18.0 GHz and 13 dB
from 18 to 20 GHz, with typical noise figure of 3.5 dB

from 0.1 to 6.0 GHz, 2.5 dB from 6.0 to 12.0 GHz, 2.7 dB from
12.0 to 18.0 GHz, and 3.4 dB from 18.0 to 20.0 GHz. The typical
output power at 1-dB compression ranges from +16 dBm from 0.1
t0 6.0 GHz to +13 dBm from 18 to 20 GHz, while the typical output
third-order intercept point (IP3) ranges from +29.5 dBm for 0.1 to
6.0 GHz to +26 dBm for 18.0 to 20.0 GHz. The RoHS-compliant,
50-Q amplifier is well suited for C-band satcom, S-band radar,
WLAN, and Wi-Fi systems. It measures 1.30 x 0.98 x 0.56 in.
(33.02 x 24.89 x 29.46 mm) with 2.92-mm coaxial connectors.

Coaxial Low-Noise Amplifier
Quiets 0.5 to 8.0 GHz

ini-Circuits” model ZX60-

83LN12+ is a broadband
low-noise amplifier (LNA) in a
coaxial package for applications £
from 0.5 to 8.0 GHz. It features
typical noise figure of 1.6 dB at
0.5 GHz, 1.4 dB at 2.0 GHz, 1.5 dB
at 4.0 GHz, and 2.3 dB at 8.0 GHz, with typical gain of 22.1 dB
at 0.5 GHz, 22.1 dB at 2.0 GHz, 21.5 dB at 4.0 GHz, and 18.0
dB at 8.0 GHz. The output power at 1-dB compression is typically
+12.8 dBm at 0.5 GHz, +20.7 dBm at 2.0 GHz, +18.3 dBm at 4.0
GHz, and +17.2 dBm at 8.0 GHz. The output third-order intercept
point (OIP3) is typically +31.5 dBm at 0.5 GHz, +35.2 dBm at
2.0 GHz, +31.0 dBm at 4.0 GHz, and +28.5 dBm at 8.0 GHz. The
RoHS-compliant amplifier includes SMA connectors in a housing
measuring 0.74 x 0.75 x 0.46 in. (18.80 x 19.05 x 11.68 mm).
It typically draws 77 mA from a +12-V DC supply.
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75-Q Power Splitter/Combiner
Goes 16 Ways to 2700 MHz

ini-Circuits” model

Z/B16PD-272-75F+
is a 16-way, 0-deg. 75-Q
power splitter/combiner
for use from 695 to 2700 MHz,
in such applications as cable-television
(CATV) and WiMAX systems. It handles as much as 5 W
input power as a splitter and features low insertion loss of typically
1.2 dB or less across the full frequency band and high isolation of
typically 24 dB from 695 to 2450 MHz and 20 dB from 2450 to
2700 MHz. The full-band phase unbalance is typically 5 deg. while
the typical amplitude unbalance is 0.5 dB across the full frequency
range. The RoHS-compliant power splitter/combiner is supplied
with F-type connectors and has an operating temperature range of
-55 10 +100°C.

Rugged Amplifier Drives e
100 W from 2.5 to 6.0 GHz

ini-Circuits’ model ZHL-

100W-63+ Class AB high-power
amplifier delivers 100 W saturated
output power from 2.5 to 6.0 GHz
for communications, radar, and other
broadband applications. It provides
58-dB typical gain over that frequency range
with +2 dB typical gain flatness. The rugged amplifier has built-
in self-protection against overheating and reverse polarity and
can even deliver as much as 50 W output power while surviving
short- and open-circuit conditions at the output port. It draws
typical supply current of 8 A from a 30-V DC supply. The compact,
RoHS-compliant power amplifier measures 6.0 x 9.1 x 1.2 in. with
SMA connectors and is available with optional heat sink and fan
attachment for cooling.

Hand-Formable Interconnect Cables
Fit Tight Spots to 40 GHz

ini-Circuits” model 086-

3KM+ hand-formable
coaxial cables are HandFlex™
cables in 3-in. lengths with
2.92-mm male connectors
for use from DC to 40 GHz.
They are hand formable with
a 6-mm minimum bend
radius for tight-fitting installations. The 50-Q) cables feature
low-loss (0.6 dB at 40 GHz) and can handle high power levels:
61 W power at 1 GHz and 7 W power at 40 GHz. The cables
consist of gold-plated beryllium-copper center conductors,
tin-soaked copper braid outer shield, and low-loss PTFE
dielectric material. The cables, which are excellent for military
and aerospace systems and as replacements for custom-bent
0.086-in.-diameter semi rigid cables, are suitable for operating
temperatures from -55 to +85°C.
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Ka-band Systems

a-band systems can provide high throughput using smaller

terminals, but they suffer from rain degradations much
more than that experienced by Ku-band systems. For the same size
antennas, the additional gain at Ka-band mitigates the additional free-

space loss.

achieved by employing a more efficient modulation/coding
scheme in the system design. Conversely, the designer may
use less bandwidth with a more efficient modulation/coding
scheme and maintain the same throughput, thus decreasing
the operating costs.

As discussed, a decrease in antenna size to approximately
65 cm for the Ka-band system would provide about the same
receive gain, but would reduce the system G/T. Table 4 com-
pares the G/T for a one-meter Ku-band antenna and a 65-cm
Ka-band antenna.

TABLE 4: COMPARISON OF G/T FOR
1-M KU AND 65-CM KA ANTENNAS

Antenna gain 40.1 dBi 40.3 dBi
Tant (at 20-deg. 46K 80K
elevation)
LNB NF 0.7 dB 1.3dB
G/ 19.6 dB/K 16.7 dB/K

For a typical inbound link, the G/T of the receive earth
station is not usually a problem and does not limit the link
budget. However, on the outbound, systems are often receive-
limited, meaning that the receive antenna G/T limits the per-
formance of the link. Receive G/T can be improved with larger
antennas, reducing losses between the antenna and LNB, and
to some extent by utilizing LNBs with better NE. While it is
difficult to reduce the LNB NF below 0.7 dB for Ku-band and
1.3 dB for Ka-band, screening of LNBs can be used to improve
NFs.

The receive G/T limitations can also be overcome with
additional transmit EIRP. However, the added transmit power
may require additional satellite power, thus making the whole
link more expensive. That’s because the space segment cost
will be based on the power-equivalent bandwidth rather than
the occupied bandwidth.

WHAT DOES THIS MEAN?

Ka-band systems can provide high throughput using
smaller terminals, but they suffer from rain degradations
much more than that experienced by Ku-band systems.
For the same size antennas, the additional gain at Ka-band
mitigates the additional free-space loss. Modern HTS
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satellites offer high G/T and EIRP that eases the EIRP and
G/T requirements at the earth stations. However, designing
a system to meet a given link availability means the system
must be designed for this worst case, resulting in additional
cost or size relative to clear-sky conditions, especially for
Ka-band.

If the link quality and SLA can vary, degradations due to
rain can be lessened by:

. Adaptive modulation and coding
2. Reduced throughput
3. Reduced bit-error-rate (BER) performance
(more errors)

Each of these techniques either lowers the transmitted
information rate or increases bandwidth, or otherwise reduces
link availability.

Large hub earth stations can help on the inbound by elimi-
nating any receive limitations. Increasing earth-station size,
resulting in higher G/T, has diminishing returns in terms of
link-budget performance.

ULPC will mitigate transponder power used during clear
skies and should reduce operating costs. ULPC does not miti-
gate the requirement to size the transmit antenna/BUC to
meet the faded conditions.

CONCLUSION

Ka-band systems present challenges in terms of link bud-
gets. For antennas of the same size, the increased gain of the
earth-station antenna for Ka-band compensates for the addi-
tional propagation losses.

In clear sky, Ka-band systems generally outperform Ku-
band systems, at least in terms of requiring less EIRP for the
same bandwidth. This is mostly due to the increased perfor-
mance of Ka-band satellites. However, rain fades for Ka-band
must be mitigated with more transmit power or some form of
adaptive coding/modulation that reduces the data rates but
increases the coding gain. Tl
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New Products

SPDT Fail-Safe Switches Control DC to 26.5 GHz

THE MSP2TA SERIES of rugged, reliable absorptive fail-safe switches operate for 10 million
switfching cycles or more, guaranteed, and as many as 100 million switching cycles if
properly maintained. Models are available for dc to 18 GHz and as wide as dc to 26.5 y-
GHz with low loss and high isolation. The make-before-break, RoHS-compliant, single-pole, .. »
double-throw (SPDT) 50-Q switches operate on +24V dc, handling input power levels to = {{ ? ,-
20 W. Typical insertion loss is 0.1 dB from dc to T GHz, 0.25 dB or better from 1 fo 12 GHz, and =
0.54 dB or better from 12 to 26.5 GHz.Typical isolation is 85 dB from dc to 1 GHz, 70 dB or better from 1 to
12 GHz, and 55 dB or better from 12 to 26.5 GHz. Typical VSWR is 1.20:1 from dc fo 12 GHz and 1.25:1 from 12 to 26.5 GHz,
with switching speed of 20 ms across operating temperatures of —15 to +45°C.The smalllest version, the MSP2TA-26XL+
component module, measures 2.00 x 2.25 x 0.50 in. (60.80 x 57.15 x 12.70 mm), while larger models MSP2TA-26-PM+
and MSP2TA-26-BM+ are available for panel- and base-mount applications.

MINI-CIRCUITS, P. O. Box 350166, Brooklyn, NY11235-003; (718) 934-4500, www.mini-circuits.com

Low-Loss Bondply Builds Multilayer PCBs

THE RO4460G2 BONDPLY material exhibits a dielectric constant (Dk) of 6.15 for use in attaching circuit laminate layers
in multilayer circuit constructions. When multiple layers of high-performance laminates are needed for high-frequency
analog or high-speed digital designs, RO44060G2 material provides reliable, long-term attachment of layers with minimal
loss or irregularity between other circuit materials, such as coefficient of thermal expansion (CTE).The availability of
RO4460G2 bondply provides circuit designers with a 0.004-in. (0.101-mm) bonding layer that complements the compa-
ny's RO4360G2 low-loss, glass-reinforced 6.15 Dk copper-clad thermoset laminates.

ROGERS CORP., Advanced Connectivity Solutions, 100 S. Roosevelt Ave., Chandler, AZ 85226; (480) 961-1382;
WWW.rogerscorp.com

LDMOS Amplifier Drives 20 to 500 MHz

THE BHED2758-500 LDMOS power amplifier (PA) provides 500 W typical CW output power from 20 to 500 MHz with
57-dB nominal power gain.The PA, which provides a dynamic range of 10.5 dB in seven steps and incorporates AM/
FM/SSB modulation control, can deliver high output power into high-VSWR antenna loads for testing. Designed for
operating temperatures from 0 fo +50°C and altitudes to 10,000 ft., the LDMOS PA controls
spurious noise levels to -60 dBc or less, with typical second harmonics of -25 dBc and
typical third harmonics of —-20 dBc. It is equipped with an Ethernet/RS-422 control interface,
weighs 120 Ibs., and fits a 7U-high 19-in.-wide rack-mount enclosure. It includes Type N female
input connectors, SC female output connectors, internal buili-in-test (BIT) functionality, and
an infernal ac power supply.

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

Synthesizer Slashes Phase Noise to 4 GHz

THE KFSW200400-100 frequency synthesizer employs patented REL-PRO fechnology fo achieve low noise levels from 2 fo 4
GHz.The RoHS-compliant signal source works with a 10-MHz reference to provide at least -3 dBm output power across the
frequency range in 1-MHz tuning steps with 10-ms typical settling time.The 50-Q frequency synthesizer exhibits =110 dBc/Hz
phase noise offset 100 kHz from the carrier, with =10 dBc typical harmonic noise and —80 dBc typical spurious noise.

The signal source includes a 3.3-V CMOS lock detect indicator. It measures 2.750 x 1.750 x 1.000 in. with female SMC
connectors and is designed for operating femperatures from -40 to +85°C.

SYNERGY MICROWAVE CORP., 201 McLean Blvd., Paterson, NJ 07505; (973) 881-8800; www.synergymwave.com

Coaxial Atienuator Spans 18 to 40 GHz

THE MODEL SKA-1834033535-KFKF-A1-M GAAS MMIC attenuator provides an aftenuation range
of 0 to 35 dB across a broad frequency range of 18 to 40 GHz. It operates on standard control & .
voltages of 0 to -3 V dc, but can work with control voltages to -5V dc.The coaxial attenuator o).
comes with female K connectors on the input and output signal ports, and a female SMA
connector on the control port.

SAGE MILLIMETER INC., 3043 Kashiwa St., Torrance, CA 90505; (424) 757-0168, www.sagemillimeter.com
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Get a piece of the ARRA pie...

We've said a mouthful with these
pie a la mode units . . . A truly
time-tested ARRA product. Mod-
ified along the way into a lightweight
rugged, dependable product. Prac-
tically shockproof (can stand up to
any environmentals). Broadband, lin-
ear phase slope, great specs!

® Three sized units for maximum, medium, or

trim-type phase adjustments
® Low insertion loss & excellent VSWR

* Completely enclosed sliding mechanism offers
maximum protection

Visit owr website al www.arra.com
E-Mail: sales@arra.com

Phase Shifters
DC-18 GHz

e Available with micrometer or locked ;haft
¢ Unique matching structure
® RF power, 100 W average

Some of the best darn component
recipes you can find are cooking at
ARRA right now! Send for your

copy today and get a piece of the
ARRA pie.

. the last word in variable altenuators

ARRA..

|_: Harold Court * Bay Shore NY 11706-229_I
Tel 631-231-8400

Fax 631-434-11106
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SKYWORKS'

Unifying Platform Enabling 5G Applicdtions

Transforming the Way We Live, Work, Play and Educate

b

" Y | SKY78250 5G NR Transmit/Receive Module
v . with Integrated Wideband Filter
L ) : t :
__J : . ! . : i
'SKY97005 5G NR Diversity Receive (DRx) Module
Y _ _ _ .
' SKY85762 Enhanced Licensed Assisted

oming Soon!  Access (eLAA) Front-end Module
— - :

Cellular Vehicle-to-Everything
n+  (CG-V2X) Front-end Module »

A,

Massive loT Mission Critical Services _

For more information, please visit us at www.skyworksinc.com/Sky5

sky5@skyworksinc.com | USA:781-376-3000 | Asia: 886-2-27350399 | Europe: 33 (0)143548540 | NASDAQ:SWKS | [in | f 8@
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