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The Incredibly Shrinking
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Equipped with
software and
computing
support,
pocket-

sized USB
Instruments
are now the
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Vector Signal Generator
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In-Stock Selection,
Same-Day Shipping

Pasternack.com
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When precise contact matters.

Contact Intelligence technology senses and reacts
to enable autonomous semiconductor test.

FormFactor’s Contact Intelligence combines smart hardware design,
innovative software algorithms and years of experience to create a technology
that provides benefits across DC, RF and silicon photonics applications.

Contact Intelligence ensures accurate contact and faster time-to-data with
less operator intervention. Visit www.formfactor.com/go/ci.

@ FORMF~ACTOR™

Test insight from lab to fab.


http://www.formfactor.com/go/ci

The new R&S®ZNA
vector network analyzer.

The R&S®ZNA vector network analyzer features outstanding RF
performance, a broad range of software functions and a unique
hardware concept. With its innovative dual-touchscreen and
DUT-oriented operating concept, the R&S®ZNA is a powerful,
universal test platform for characterizing active and passive DUTs.

www.rohde-schwarz.com/product/ZNA
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"Ultra-Notch" YIG-Tuned

Bandreject Filters
50 dB Notch depths at 500 MHz
60 dB Notch depths at 2 GHz

Industry Leading Performance!

MLUN-Series "Ultra-Notch” Yig-Tuned Bandreject Filters with 50 dB notch depths at 500 MHz and 60 dB
notch depths starting at 2 GHz. Standard models cover the 500 MHz to 2 GHz, 2 to 6 GHz, 6 to 18 GHz and
2 to 18 GHz. Customer specified tuning ranges can be supplied on special order.

Standard model operates over the 0° to +65°C temperature range, with Military versions covering -40° to 85°C
are available. Al units are available with Analog, 12 bit TTL and 16 bit serial drivers.

Applications include test instruments, wide band receivers, telecom, satcom and military applications.

For more information contact Micro Lambda Wireless. i
www.microlambdawireless.com % \MV‘%EEEIQAS\NIIEI%A

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
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Exceptional

Phase Noise Performance
Dielectric Resonator OScillator

-60 | T @
-70 T |
]
-80
-90
1‘-".-JJ)('J ~
= = P Patented
g -110 Ed nology
3
.§ -120 | Now Available
o In Surface Mount!
%-130 :
w I
2 -140 —
E SDRO Series
015" x0.715x0.53
-150 [ | = {
-160 :
-170 | Sen ey
-180 : S :
1000 10000 100000 1000000 10000000
Offset Frequency (Hz)
Tuning Voltage : Typical Phase Noise
Model Frequency (GHz) (VDC) DC Bias (VDC) @ 10 kHz ( dBc/Hz )
Surface Mount Models
SDRO1000-8 10.000 1-15 +8.0 @ 25 mA -107
SDR0O1024-8 10.240 1-15 +8.0 @ 25 mA -105
SDRO1118-7 11.180 1-12 +55-+7.5@ 25 mA -104
SDRO1121-7 11.217 1-12 +5.5-+7.5 @ 25 mA -104
SDRO1130-7 11.303 1-12 +5.5-+7.5 @ 25 mA -104
SDRO1134-7 11.340 1-12 +5.5-+7.5 @ 25 mA -104
SDR0O1250-8 12.500 1-15 +8.0 @ 25 mA -105
Connectorized Models
DRO80 8.000 1-15 +7.0-+10 @ 70 mA -114
DRO100 10.000 1-15 +7.0-+10 @ 70 mA -111
DRO1024 10.240 1185 +7.0-+10 @ 70 mA -109
KDRO145-15-411M 14.500 i +7.5 @ 60 mA -100

*Mechanical tuning only +4 MHz

Talk To Us About Your Custom Requirements.

MUIAL TR ANER Phone: (973) 881-8800 | Fax: (973) 881-8361
oS A 1\ M | E-mail: sales@synergymwave.com
A" A RALY I\ R Web: WWW.SYNERGYMWAVE.COM

MICROWAVE CORPORATION Mail: 201 McLean Boulevard, Paterson, NJ 07504
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When it comes to power inductors,
we're spreading things a little thin

¢‘o¢‘o.s©®0000@°®@®
(actual height)

In fact, we ofter hundreds of low-profile options

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

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

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

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

WWW.COILCRAFT.COM
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Employ Design-Flow Integration for Advanced Multichip
RF Design

A new workflow allows designers to combine multiple technologies that
originate from different software tools into a single project.

Striking the Right Balance: RF Power Output

and Efficiency

Optimizing the cost and operating time for portable electronic systems
running on batteries often comes down to one critical system-level
parameter: efficiency.

From Benchtops to Pockets:

The Age of Ever-Shrinking Test Gear

Working with computers and software, USB-powered RF test instruments
are bringing measurements with less size and cost than traditional
equipment—yet still pack a punch.

Noise Sources in Ultra-Low-Noise Synthesizer Design

This article, the second in a five-part series, focuses in on the synthesizer
phase noise sources outside the synthesizer chip, such as noise induced
in the voltage-controlled oscillator by power supplies and by the various
loop-filter forms.

A Brief Tutorial on Microstrip Antennas (Part 4)

Wrapping up this series on microstrip antennas, attention turns to series
feeds for microstrip array antennas along with the series/parallel
combination technique.

Dealing with Differences in RF Semiconductors

The characteristics of different substrates and device architectures make it
possible to reach many speeds and frequencies with modern semiconductor
devices and their packages.
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Transient Inmunity Testers from AvTECH

30, 50 and 100 Volt Lab Pulsers

: Unstable optocoupler

The Avtech AVRQ series >
DUT logic output!

of high-voltage, high-speed
pulse generators is ideal 5 Vidiv

for testing the common- | =
mode transient immunity + et ¢
(CMTI) of next-generation 500 V/div, ... *1-5 KV pulse from
optocouplers, isolated gate | 40ns/idiv |  Model AVRQ-SB,

. ... with < 10 ns fall time. . ]
drivers, and other Bl :

semiconductors. v :

Kilovolt amplitudes (1, #1.5, -2 kV)

Transition times down to 10 ns, dV/dt rates up to 120 kV/us
Switchable daughterboards to handle a variety of DUT package styles

GPIB, RS-232 ports standard
Ethernet / VXI optional

* & & o+ o

g =
AVTECH
_——r
Nanosecond Electronics

Since 1975

Pricing, manuals, datasheets and test results at:
http://www.avtechpulse.com/semiconductor

Avtech offers an extensive [ R
series of user-friendly 30, ' TR: 6.9 ns

50 & 100 Volt general- 20V/DIV
purpose lab pulsers. We e s DIV
can provide an alternative | AV-1010-B

for the discontinued Agilent | : J——
8114A or HP214! ook

Model AV-1015-B:
Model AV-1010-B:

50 Volts, 10 MHz

100 Volts, 1 MHz, 25 ns to 10 ms,
10 ns rise time

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

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

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

Nanosecond Electronics
Since 1975

Pricing, manuals, datasheets and test results at:
http://www.avtechpulse.com/general

Nanosecond Laser Diode Drivers

2 to 200 Amp Current Pulsers

With Butterfly Diode Sockets

To Pulse
Driver

Output module with

a socket-mounted
butterfly-packaged
diode installed.

To TEC
Controller

Each of the 19 models in the
Avtech AVO-9 series of
pulsed laser diode drivers
o P includes a replaceable output
R i R module with an ultra-high-
‘ T B AL P speed socket suitable for use
i £ with sub-nanosecond rise
-/' ; 7 time pulses. Models with

maximum currents of 0.1A to
10A are available with pulse
widths from 400 ps to 1 us.
GPIB, RS-232, and Ethernet
control available.

Nanosecond Electronics
Since 1975

Pricing, manuals, datasheets and test results at:
http://www.avtechpulse.com/laser

" Model AVO-9A-B
40 mAIDIV
1 ns/DIV

Avtech has pioneered the —_—
design of user-friendly 2 to } |
200 Amp constant current 42351 DI:;KI |
pulsers. We offer over 35 |

Ve { oo TRABOE s
models in five series for laser I

diode, air bag, squib, fuse and " Model
other applications. The basic l——  AV-107C-B
specifications are as follows:

Series 1,V PW TR

AV-107 2-20A,60V 0.2-200us | 10-30 ns
AV-106 | 5-100A,100V | 0.5us-1ms |50ns-1us
AV-108 |12.5-200A,100V| 2us-1ms 5-15us
AV-109 10-100A,5V 10us-1s 10 us
AV-156 2-30A,30V 1us-100 ms | 0.2 -50 us

Avtech has a long history of producing one-of-a-kind custom units.

Nanosecond Electronics
Since 1975

Pricing, manuals, datasheets and test results at:
http://www.avtechpulse.com/current
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Ultra high bandwidth Payload
& RF Multipath Link Emulator

Just released ...

Sophisticated high bandwidth (up to
600MHz) emulation of physical layer
RF link effects channel modeling (delay,
Doppler, AWGN, Multipath) and hard-
ware in the loop impairments modeling
(programmable Group delay, Phase noise,
gain/compression distortion and non-lin-
earity AM/AM, AM/PM simulation etc.

Comprehensive range of instruments frorp
72 MHz to 600 MHz bandwidth with a
wide RF frequency tuning range.

Contact dBm for specifications, pricing
information and demonstration/evaluation

units.

RF Test Equipment for Wireless Communications

email: info@dbmcorp.com

RF physical layer Link emulation
Point to Point UHF/VHF radio testing
Reéal time control for Arial Vehicle (UAV) testing

Payload and ground station emulation

" Multipath, 12 paths @ 600MHz BW
-

[y
|

agnitude in dB

IllllllCorp, Inc

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

www.dbmcorp.com
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MACOM has RF Engineering Expertise,
Surety of Supply and Manufacturing Scale
MACOM'’s cross reference search will assist you in finding

MMIC, Transistor and Diode alternatives to recently announced
end-of-life products.
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Family of Temperature Compensated
Directional Power Detectors

MACP-010571: 2 - 6 GHz
> Insertion Loss (dB): 017 @ 4 GHz
> Power, Min Detectable (dBm): -15 @ 4 GHz

MACP-010572: 6 — 18 GHz
> Insertion Loss (dB): 0.27 @ 12 GHz
> Power, Min Detectable (dBm): -16 @ 12 GHz

MACP-010573: 10 - 30 GHz
> Insertion Loss (dB): 0.40 @ 20 GHz
> Power, Min Detectable (dBm): -18 @ 20 GHz

Visit MACOM'’s Cross Reference Design Tool

Learn more at www.macom.com/CR

Join the Next Generation

MACOM’s 65-year legacy of innovation is driving
the industry’s broadest portfolio of MMICs,

diodes and transistors for the entire RF signal
chain. These trusted high-performance RF devices
enable your most critical applications including
SATCOM, T&M, ISM and current 4G LTE to next-gen
5G connectivity.

With our state-of-the-art technology and
high-performance products, we’re helping
customers achieve leading bandwidth, power,
packaging and reliability.

MACOM.


http://www.macom.com/CR
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CURRENT FILTER DESIGN
UTLIZED BY MOST MANUFACTURERS

RESONANT

New Resonator Technology
Targets Next-Generation
Filters

This company’s resonator technology could very well become a
key factor in enabling filters for 5G-related applications.

https://www.mwrf.com/components/new-resonator-technology-
targets-next-generation-filters

Instruments Bring the Value
to Precision Measurements

These test instruments deliver cost-effective multiple-function
measurement capabilities from a source known for its highly
accurate though typically more expensive equipment.

https://www.mwrf.com/test-measurement/instruments-bring-
value-precision-measurements

L join us online

twitter.com/MicrowavesRF  facebook.com/microwavesrf
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Hw IS thi opny’s
Technology Enabling New
Markets?

In this Q&A, Abhishek Kapoor talks about his new position
with Anokiwave, the company’s goal of commercializing active
antennas for 5G and other applications, and more.

https://www.mwrf.com/systems/how-company-s-technology-
enabling-new-markets

Thioe targets w
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Simulating Wideband
Behavior in Wireless
Communications and Radar
Systems

Wideband system modeling is the focus of the latest entry in
the “Algorithms to Antennas” blog series, investigating topics
like channel models, antenna design, and target modeling.

https://www.mwrf.com/software/algorithms-antenna-
simulating-wideband-behavior-wireless-communications-and-
radar-systems

FEBRUARY 2019 MICROWAVES & RF
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IEEE Wireless and Microwave Technology Conference

20 /lnmverscz?jy Auril 8-9, 2019

The 20th annual IEEE Wireless and Microwave Technology Conference (WAMICON 2019) will be held
in Cocoa Beach, Florida on April 8-9, 2019. The conference will address up-to-date multidisciplinary
research needs and interdisciplinary aspects of wireless and RF technology. The program includes
both oral and poster presentations as well as tutorials and special sessions. The conference also
features an active vendor exhibition area and an array of networking opportunities.

The technical program is focused on Simulation Driven Design of Emerging Wireless, Microwave
and mm-Wave Circuits and Systems. All aspects of related technologies including antennas, pasive
and active circuits, communication theory and system concepts are encouraged. Prospective authors
are invited to submit original and high-quality work for presentation at WAMICON 2019 and publication
in IEEE Xplore. Visit www.wamicon.org for complete submission details.

Topics of interest include:
* mm-Wave to THz Technologies
¢ |nternet of Things (|0T) Papers Due: February 8, 2019
» Power Amplifiers, Active Components and Systems Author Notification: - February 22, 2019
¢ Passive Components and Antennas et TR
* Microwave Applications

Exhibit & Sponsorshlp Opportunities Available!

\VAVAV'M) p’: i 1ik
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[=-Series
REFLECTIONLESS FILTERS

DC to 40 GHZz!

éﬁ\)

Die Form

Reflectionless

#

o

—_—
G
Conventional /

Eliminates standing waves out-of-band

Now over 90 Models to Improve
Your System Performance! ..%6%., ..,

¢ High pass, low pass, and band pass models ¢ Good impedance match in

* Patented design eliminates in-band spurs passband stopband and transition
. insi 2
* Absorbs stopband signal power * Intrinsically Cascadable
rather than reflecting it ¢ Passbands from DC to 40 GHz?
" Small quantity samples available, $9.95 ea. (gty. 20) Protected by U.S. Patent No. 8,392,495 and
2 See application note AN-75-008 on our website Chinese Patent No. ZL201080014266.1.
3 Defined to 3 dB cutoff point Patent applications 14/724976 (U.S.) and

PCT/USIS/33118 (PCT) pending.
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Editorial
CHRIS DeMARTINO | Technical Editor

chris.demartino@informa.com

20-Year
Mark

t's no secret that the IEEE Inter-

national Microwave Symposium

(IMS) is this industry’s most sig-
nificant event each year. But that doesn’t
mean you should overlook the other
smaller conferences dotting the schedule
throughout 2019. One industry event
that may not pack the same punch as
IMS, but is still noteworthy in its own
right, is the annual IEEE Wireless and
Microwave Technology Conference
(WAMICON; www.wamicon.org). This
year’s installment, which marks WAMI-
CON’s 20th anniversary, is set to take
place April 8-9 in Cocoa Beach, Fla.

WAMICON has come a long way—it
started as a one-day forum, but is now
a multi-day international IEEE confer-
ence. For WAMICON 2019, the theme
is “Simulation Driven Design of Emerg-
ing Wireless, Microwave, and mm-Wave
Circuits and Systems”

As the theme indicates, simulation
software will take the spotlight at this
year’s conference. Not only will tutorials
be given by representatives from vari-
ous simulation software companies, but
a panel session will dive into emerging
simulation technologies. Anyone inter-
ested in the latest developments creating
a buzz within the simulation software
arena may want to take note.

Of course, you can’t talk about a con-
ference without mentioning the keynote.
WAMICON 2019’s keynote speaker

GO TO MWRE.COM

will be Dr. Robert Weigel, professor at
Friedrich-Alexander University Erlan-
gen-Niirnberg. His presentation is titled,
“Design and Simulation of Advanced
Packaging Platforms for High Volume
RF System Applications.”

In addition, Todd Cutler, vice presi-
dent and general manager of design and
test software organization at Keysight
Technologies (www.keysight.com), will
serve as the plenary speaker. The title of
his presentation is “The Future of High-
Frequency Test and Measurement.” I had
previously written about Cutler’s keynote
at EDI CON 2016—“High-Frequency,
High-Speed Design Revolution Ahead:
Why Your Design and Test Flow Will
Soon Be Obsolete” It could be quite
intriguing to hear his take on how the
industry has evolved since then.

Inaddition to the various presentations
and tutorials, several companies will be
exhibiting at WAMICON 2019. They
include Keysight, Wolfspeed (www.
wolfspeed.com), Modelithics (www.
modelithics.com), Copper Mountain
Technologies (www.coppermountaintech.
com), and several others.

Lastly, one of the nice things about
WAMICON is simply the location. It
takes place at the Hilton Cocoa Beach
oceanfront hotel, which is certainly a nice
place to have a conference! If you haven't
already, you may want to pencil in WAM-
ICON 2019 on your calendar. [

HIGH POWER BROAD BAND

LIMITERS
0.5 -12 GHz

40 WATT CW

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

g WI Performance @ + 25 Deg. C

FREQ. | MAGMUM | 0 Msx“;.wmczes
MODEL | RANGE | INSERTION | oo | & uour
(GHz) | LOSS (dB) (dBm)
LS0510 P40B | 05-1.0 05 141 +21
LS0520 P40B | 05-20 06 41 21
L50540 P40B | 05-4.0 08 141 +21
[S0560 P40B | 05-60 13 51 21
[S05012P408 | 05-120 | 17 E] 21
[S1020P40B | 10-20 06 41 21
[TST060P40B | 1.0-60 12 51 2
[ 1S1012P408 [ 1.0-120 7 71 21
[TS2040P40B | 20-40 07 41 20
20-60 3 151 20
20-80 15 161 20
40-80 5 61 20
LSTO12P40B [ 7.0-120 7 171 +8
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MILLIMETER WAVE

MMIC

PRODUCTS

MULTI-OCTAVE BANDWIDTHS
UPTO43.5 GHz

Attenuators | Gouplers | Mixers
Multipliers | Reflectionless Filters | Splitter/Combiners

Now over 60 MMIC models In Stock
covering applications above 26 GHz



Available in Plastic SMT & Unpackaged Die
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OFF THE SHELF FOR CUSTOM DESIGNS

We're Ready When You Are... Next Day Delivery

CUSTOM DESIGNS

designs for subassemblies.

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

From The Largest Inventory Of Waveguide Components In The Industry
RECTANGULAR, MM-WAVE, & DOUBLE-RIDGED COMPONENTS

CALL OR WRITE

waveline =

P.O. Box 718, West Caldwell, NJ 07006
(973) 226-9100 Fax: 973-226-1565
E-mail: wavelineinc.com
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Input Limiter Protection, Detectors/TTL & More | and AS91008

¢ Unconditionally Stable (100% tested) % L

OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. Freq (62 Gain (@) MIN  Noise Figure (d8)  Power-out@Pids  3rd Order ICP
CAO] 2110 0.5-1.0 28 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm
CA12-2110 1.0-2.0 30 1.0 MAX, 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 4.08.0 29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm
(A12184111 12.0-18.0 25 1.9 MAX, 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, 0.4 TYP  +10 MIN +20 dBm
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 +10 MIN +20 dBm
CA23-3111 2.2-2.4 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 3.7-4.2 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 32 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
(A1315-3110 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
CA34-6116 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
CAB12-6115 8.0-12.0 30 4.5 MAX, 3.5TYP  +30 MIN +40 dBm
CAB12-6116 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 GHz2)  Gain (@B) MIN  Noise Figure (@8)  Power-out@p1d8  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
(A0108-4112 0.1-8.0 32 3.0 MAX 1.8 TYP +22 MIN +32 dBm
CA02-3112 0.52.0 36 45 MAX, 25 TP +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 50 MAX 3.5TYP  +30 MIN +40 dBm
(A218-4116 2.0-18.0 30 3.5 MAX 2.8TYP  +10 MN +20 dBm
CA218-4110 2.0-18.0 30 5.0 MAX, Sha NP +20 MIN +30 dBm
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm
LIMITING AMPLIFIERS
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
(1A26-8001 2.0-6.0 -50 o +20 dBm +14 to +18 dBm +/-1.5 MAX
CLA712-5001 7.0-12.4 -21 t0 +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 GH2  Gain (@8) MIN  Noise Figure @)  Power-out@P1d8 Gain Attenuation Range
CA001-2511A  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 25 MAX, 1.5TYP  +16 MIN 22 dB MIN
CA612-4110A  6.0-12.0 24 25 MAX, 1.5TYP  +12 MIN 15 dB MIN
CA13154110A 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 @8) MIN  Noise Figure dB  Power-out@pias  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
(A001-2215  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

CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

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

Ciao Wireless, Inc. 4000 Via Pescador, Camarillo, CA 93012
sales@ciaowireless.com

Tel (805) 389-3224 Fax (8305) 389-3629
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NEW DAC Aims to Ease

System Design

igital-to-analog converter

(DAC) technology is one
specialty of Teledyne e2v (www.
teledyne-e2v.com), which has been
developing such converter solutions
for many years. The company recently
announced its latest DAC, which it says
can achieve clean signal generation at
frequencies as high as 26.5 GHz.

The recently unveiled DAC, the
EV12DS480, is a 12-b DAC with a sam-
pling rate of 8 Gsamples/s (see figure).
Kurt Rentel, business development
manager of signal processing solutions
at Teledyne e2v, recently explained the
new product in more detail.

“Teledyne has been developing really
broadband data converters for a long
time,” said Rentel. “On the D/A side,
that means direct launching into some
RF band. Original converters developed
probably over 20 years ago were in the
L-band range. Our new DAC has a sam-

pling rate of up to 8 Gsamples/s, and it
also has 8 GHz of analog bandwidth.”

Rentel is quick to point out that
the EV12DS480 is still usable beyond
8 GHz. “It rolls off after 8 GHz—but
it’s a single pole roll-off and it’s got a
sin(x)/x roll-off as well,” he explained.
“That allows our customers to actual-
ly use it above its 3-dB bandwidth. It’s
being used at 10 GHz; some people are
considering it at X-band; some people
are looking at using it up into Ku- and
Ka-band because it still has reasonable
power and it really simplifies systems—
you have digital bits going in one end
and RF out the other”

According to Rentel, system simpli-
fication is a major advantage that the
EV12DS$480 brings to the table. “The
simplified-system aspect of this is that
you get rid of analog upconversion stag-
es with the DAC. If you look at a block
diagram, the EV12DS480 takes a chunk

The EV12DS480 achieves a sampling rate of 8
Gsamples/s and can be used in systems that

operate all the way into Ka-band frequencies.

away from it. This DAC takes away a
mixer and a synthesizer that had to drive
that mixer and replaces them with their
digital equivalents. That happens in a
FPGA or some type of processing unit
that sits in front of the DAC”

So what applications are being tar-
geted? “As a business unit, we focus a lot
on high-reliability, high-performance,
long-life systems,” added Rentel. “Avi-
onics and space applications fall into
that category. This product is designed
and specified to be used in high-reli-
ability applications like aircraft systems
and space. If you want long life and very
reliable operation, you need to have
high-reliability components. We start
by saying that we want these products to
work for these high-reliability applica-
tions—and then we will certainly move
into less stringent areas like instrumen-
tation and some of the communications
systems.” M

GROUND STATIONS Provide Enhanced Control of GPSIIl Satellites

IN SUPPORT OF the launch of the first, next-
generation GPS Ill satellite (GPS 11l SVO1)
by Lockheed Martin, Raytheon Co. (www.
raytheon.com) has developed the GPS
Next-Generation Control System (GPS
OCX) for maneuvering and controlling
the orbiting satellite. Achieving the final,
precise orbit for this timing/position-
location satellite is a painstaking
operation that requires 10 or more days to
accomplish using the GPS OCX.

“The GPS OCX Block 0 launch and
checkout system is foundational to the

18

improved precision, navigation and tim-
ing of the entire constellation,” said Dave
Wajsgras, president of Raytheon Intel-
ligence, Information, and Services, “and
we'll all benefit from the system’s unprec-
edented level of cybersecurity protec-
tions.”

This latest generation of the GPS OCX
station will also support the launch of
future GPS Il satellites to enhance GPS
timekeeping/positioning capabilities and
GPS accuracy for both military and civil-
ian users. It will also handle more than

twice the GPS satellites as earlier ground
control systems. The ground system fea-
tures an open architecture that allows
upgrades when needed and integration
of new capabilities when required. How-
ever, it also provides the highest level of
cybersecurity protection claimed for any
U.S. Department of Defense (DoD) space
system to guard against cyberthreats.
The open architecture permits modi-
fications at any time in response to new
cyberthreats. Delivery of the GPS OCX
ground stations will take in stages or
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Harold Brown, who had an illustrious career leading the development of advanced technology in the U.S. military, and who served as

Secretary of Defense under President Jimmy Carter, passed away on Jan. 4 at age 91. (Courtesy: The Scotsman)

Industry, Armed Forces Remember HAROLD BROWN

HAROLD BROWN, the 14th Secretary of Defense for the U.S.
Department of Defense (DoD), passed away at his home in
Rancho Sante Fe, Calif., last month; he was 91. Brown was the
first scientist to serve as Secretary of Defense for the U.S. Armed
Forces. He served in the role from 1977 to 1981 under President
Jimmy Carter after previous stints as U.S. Air Force Secretary
under President Lyndon B. Johnson during the Vietnam War
and Director of U.S. Defense Research and Engineering under
President John F. Kennedy.

Brown was a proponent of achieving national security using
advanced technology and strong arms control. He supported

|
blocks, beginning with the delivering of ;
the Block 0 GPS OCX station to enable
the launch and positioning of the first
GPS Il satellite. Additional deliveries, as
Block 1 and Block 2 GPS OCX systems,
are planned for delivery by 2021. These
will increase ground control capabilities
for additional GPS Il satellites in the GPS
constellation. ®

The GPS OCX Block 0 launch and checkout
system for controlling GPS lll satellites
was installed at Schriever Air Force Base.
(Courtesy: Raytheon Co.)

GO TO MWRF.COM

deterrence through a buildup of nuclear weapons and capabili-
ties and encouraged the development of air-launched missiles,
such as the Peacekeeper missile.

The acting Secretary of Defense, Patrick M. Shanahan,
praised Brown'’s life and contributions: “Dr. Brown led a remark-
able life, first as an academic and scientist, and then as a public
servant in a variety of prominent roles. He shaped our nation’s
military for more than two decades, revolutionizing the develop-
ment of naval munitions, renovating America’s post-Vietham
War weapons platforms, developing stealth aircraft, and leading
nuclear weapons research.” ®
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News

SPACE COMMAND Will Integrate Military Capabilities

SPACE HAS OFTEN been called “the final
frontier.” During a visit late last year
by Vice President Mike Pence to the
Kennedy Space Center in Florida, he
referred to the U.S. Space Command
as a critical portion of this country’s

armed forces. Prior to the launch of the
Vespucci third-generation GPS (GPS
1) satellite, during a Dec. 18 visit to the
Florida facility, Pence referred to Space
Command as a work in progress that will
integrate many different military space

Dual High Power
Directional Couplers

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

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

PULSAR

MICROWAVE CORPORATION

© www.pulsarmicrowave.com

48 Industrial West, Clifton, NJ 07012 | Tel: 973-779-6262 - Fax: 973-779-2727 | sales@pulsarmicrowave.com
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capabilities from all branches of the
military. “It will serve alongside other
functional commands like Strategic
Command and Special Operations
Command, and it will be led by a four-
star flag officer,” he said. “It will establish
unified control over all our military space
operations.”

Pence called the U.S. Space Com-
mand the U.S. military’s 11th unified
combatant command. “It will develop
the space doctrine, tactics, techniques,
and procedures that will enable our warf-
ighters to defend our nation in this new
era,” he noted. It would become the sixth
branch of the armed forces in the future,
with the current (Trump) administration
working with Congress to establish a
working U.S. Space Force before the end
of 2020. B

Vice President Mike Pence was joined by

U.S. Air Force Secretary Heather Wilson at
Florida’s Kennedy Space Center this past
December prior to the launch of the first
GPS Ill satellite, marking the beginning of
space-based armed forces. (Courtesy: U.S.
Department of Defense)
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response.
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News

STARTUP'S ENERGY-HARVESTING CHIPS
Run on Radio Frequencies

WILIOT, A STARTUP developing Bluetooth
chips that can be powered by ambient
radio frequencies, has raised $30 million
in funding from Qualcomm Ventures,
Samsung Venture Investment, Avery
Dennison, and Amazon Web Services,
among others. The funding increases the
company'’s total to $50 million as it moves
closer to entering production.

The chips can be slapped on tags as
small as a fingernail, as thin as a sheet
of paper, and that incorporate sensors.
According to Wiliot, the devices can
broadcast data such as location, weight,
and temperature over Bluetooth. Wiliot’s
technology lets them communicate with
smartphones or other Bluetooth devices
using energy harvested from Wi-Fi, cellu-
lar and Bluetooth—no batteries required.

The sensors can be used in all sort
of devices unconnected to the Internet
of Things, ranging from spare parts in a
manufacturing plant to the packaging
around consumer goods. The sensors
could be pasted on products during pro-
duction to track them from the factory to
the warehouse to the store. They could
also replace clothing tags, giving custom-
ers the ability to scan for more details.

“Wiliot's strategy for battery-free Blue-
tooth transponders, which sense and
communicate without needing specific
action by consumers, is very relevant to
Avery Dennison’s intelligent label strat-
egy,” Francisco Melo, general manager of
Avery Dennison’s radio-frequency iden-

tification (RFID) unit, said in a statement.
Avery Dennison is one of the largest RFID
manufacturers in the world.

Wiliot, which has around 40 employees
and is based in San Diego, Calif., is the
second company founded by the team
behind semiconductor startup Wilocity.
The company raised roughly $100 mil-
lion in investment to build chips based
on the next-generation Wi-Fi standard—
more commonly called WiGig—targeting
the personal-computer and peripherals
markets. Qualcomm bought it for around
$400 million in 2014.

“We believe that disposable electron-
ics based on battery-free, low-cost sys-
tems are the foundation for future Inter-
net of Things systems,” chief executive
and founder Ta Tarim said. “Recycling the
radiation around us to power sticker-size
sensors can enable new ways for con-
sumers to interact with products that were
previously not feasible,” added Tarim, a
former vice president of product manage-
ment at Qualcomm.

Other companies are operating in the
energy-harvesting chip market. Atmosic
Technologies, which was founded by for-
mer engineering executives at Qualcomm
Atheros, is building Bluetooth chips for
consumer electronics such as wearables
that are capable of running on radio fre-
quencies directed at them from other
Bluetooth devices. The company’s chips
are not dependent on ambient energy like
those from Wiliot. B
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R&D Roundup

MICROWAVE ABLATION Helps Attack Tumors

ICROWAVE ENERGY is well known for its heat-

ing effects at certain frequencies/wavelengths. One

of the keys for using microwave ablation (MWA) for
medicinal reasons, specifically to heat and destroy cancerous
tumors in patients, is finding the optimum antenna for each
case. With the wrong antenna and coaxial feed lines, healthy
tissues can be heated (and overheated) along with the cancer-
ous tissues, causing unwanted damage to those tissues. To
complicate matters, when using minimally invasive interstitial
antennas to apply microwave energy to cancerous tumors, the
antennas input impedance depends on the insertion depth.

Among the antennas designed for MWA treatments, a tri-
axial antenna employs a biopsy needle in a floating sleeve over
the outer conductor. For a given insertion depth, the posi-
tion of the needle is adjusted to create the best impedance
match for the antenna. Another design, a balun-free antenna,
operates at the second resonant frequency of a monopole to
achieve a given specific-absorption-rate (SAR) pattern and
ablation zone for the applied microwave energy without using
a coaxial balun. Yet another antenna configuration, a choke
antenna, uses short-circuited quarter-wavelength sleeves as
part of the MWA process.

In the interest of finding an optimum antenna configura-
tion for MWA on humans, researchers from the University of
Wisconsin-Madison performed experiments with the differ-
ent antennas on ex vivo bovine livers to examine the ablation
zones obtained from each antenna. The bovine livers were
exposed to microwave radiation at a power level of 40 W for a

U-SHAPED WAVEGUIDE Paves Way

OVERCROWDING OF SIGNALS at RF and microwave frequencies
has created growing interest in millimeter-wave and even tera-
hertz (THz) frequency bands for short-range applications. In
turn, circuit designers are exploring ways to integrate different
components and transmission lines at higher frequencies.

One of the transmission-line approaches for THz frequen-
cies consists of a U-shaped silicon (Si) guiding channel at-
tached to a glass substrate, such as Pyrex glass—a structure
known as U-shaped silicon-on-glass (U-SOG). The Si guiding
channel is etched from below the guiding channel to reduce
interaction of the modal fields with the Pyrex substrate mate-
rial, resulting in a low attenuation constant for the waveguide
structure.

Nazy Ranjkesh and fellow researchers from the University
of Waterloo (Ontario, Canada) designed a U-SOG waveguide
structure with the aid of High Frequency Structure Simulator
(HFSS) modeling software from Keysight Technologies along
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total of 5 min. for each antenna. Test signals were produced by
boosting the outputs of a commercial microwave signal gen-
erator through a solid-state power amplifier and then feeding
each antenna.

After each five-minute application of microwave energy at
1.9 GHz, the bovine liver was cut along the insertion path of
the antenna and the ablation zone of each antenna was mea-
sured. Each antenna’s ablation zone was ellipsoidal in shape.
By means of visual inspection and careful measurements, the
aspect ratio of each ablation zone was ascertained to deter-
mine the most spherical of the ablation zones for the three
antennas, since many tumors are spherical in shape.

The experiments revealed that the choke dipole antenna
and the balun-free base-fed monopole antenna produced the
most spherically shaped ablation zones of the three types of
MWA antennas, with the triaxial antenna providing the least
spherical of the ablation zones. The triaxial and choke anten-
nas are both currently used in FDA-approved commercial
MWA systems.

Electromagnetic (EM) computer software simulations
showed that each of the antennas could provide a good im-
pedance match with the bovine liver at the desired operat-
ing frequency. However, the choke and balun-free antennas
provided the most compact and localized power absorption
patterns, with much less extra heating of surrounding tissues
compared to the triaxial antenna.

See “Tools for Attacking Tumors,” IEEE Antennas & Prop-
agation Magazine, Vol. 60, No. 6, December 2018, pp. 52-57.

toTHz ICs

with the same company’s PNA-X vector network analyzers
(VNAs) and a specially designed test fixture. The attenuation
constants for the U-SOG waveguide structure compare closely
between simulated and measured values, with low attenuation
from 800 GHz through 1.1 THz.

Simulated values are usually less than the measurements,
due to the difficulty of achieving proper alignments between the
U-SOG structure and the standard metallic waveguide test fix-
tures. But compared with other transmission-line technologies,
including metallic waveguide, the U-SOG approach does quite
well in preserving signal power even at these high frequencies,
making it a good candidate for on-chip transmission lines and
integrated circuits at THz frequencies.

See “1.1 THz U-Silicon-On-Glass (U-SOG) Waveguide: A
Low-Loss Platform for THz High-Density Integrated Circuits,”
IEEE Transactions on Terahertz Science and Technology, Vol. 8,
No. 6, November 2018, pp. 702-709.
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Employ Design-Flow
Infegration for Advanced
Multichip RF Design

A new workflow allows designers to combine multiple technologies that originate
from different software tools into a single project.

volving communication
standards like LTE-A and 5G
are driving future RF archi-
tectures and, consequently,
creating challenges for RF front-end
module design in terms of miniaturiza-
tion, performance, and support for tech-
nologies that boost data throughputs by
improving spectral efficiency.

To meet the ongoing need for higher
performance and reduced component
size in multimode- and multiband-
capable handsets, companies are shift-
ing their module integration strate-
gies from combining similar building
blocks in a single package to adopting
multifunctional front ends based on
diverse technologies. These develop-
ment efforts target products based on
a single, fully integrated RF module for
each frequency range, including mul-
timode/multiband power amplifiers
(PAs), duplexers, RF switches, and RF
matching.

Module and subsystem designers
often use more than one technology
in a complete design. These technolo-
gies include gallium-arsenide (GaAs)
and gallium-nitride (GaN) mono-
lithic microwave integrated circuits
(MMICs), silicon (Si) RF integrated cir-
cuits (RFICs), and multiple-layer lami-
nates. Each technology is encapsulated
in a specific process design kit (PDK)

GO TO MWRF.COM

that details the electrical and physical
attributes of the manufacturing process
and front-end building blocks (compo-
nent libraries).

A multi-technology design flow that
supports multiple PDKs and circuit/
electromagnetic (EM) co-simulation is
used to analyze the electrical interac-
tions between the bulk-acoustic-wave
(BAW) and surface-acoustic-wave
(SAW) filters (based on equivalent
circuit models) and multi-layer lami-
nate package. It provides comprehen-
sive module analysis and optimization.
However, the Si RFIC switch, low-noise
amplifier (LNA), and PA development
is often executed in Cadence (www.
cadence.com) software using a Cadence
Si PDK.

This article presents a modern design
flow that translates the Cadence PDK
into one that can be simulated in the NI
AWR Design Environment platform to
support chip-package co-design and EM
verification. By importing the design
into a dynamic library that can be used
alongside the Cadence PDK, designers
are able to effectively develop products
based on disparate technologies using
complex designs originally created in
completely different environments.

EDA TOOLS ARE BUILT FOR
SPECIFIC NEEDS

Designers use different RF electronic-
design-automation (EDA) tools based
on personal preference and the capa-

bilities of a particular tool to address a

1. Shown is a typical module design in the Microwave Office software.
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Design-Flow Integration

single or set of design tasks. Some tools
specialize in high-frequency MMIC,
printed-circuit-board (PCB), and mod-
ule design, such as Microwave Office
circuit design software. Others like
Cadence target silicon-based RFIC and
module design. Since each of these tools
have their own individual strengths, it’s
best to adopt those that support interop-
erability and the exchange of informa-
tion in a well-defined design flow so that
designers can take advantage of the best
tool for each design task.

To support data exchange between
different environments, several indus-
try-standard file formats have been
developed, such as touchstone (SNP)
and measurement data interchange
format (MDIF) files. The touchstone
file provides S-parameters, the small-
signal simulated or measured frequen-
cy response of a network. An MDIF
file allows data such as S-parameters
or noise to be sorted by an unlimited
number of independent variables like
frequency or gate voltage. These for-
mats allow designers to model the lin-
ear response of devices (e.g., an RFIC
or a switch) in their simulation and
easily bring that model back and forth
between design tools.

Polyharmonic models, sometimes
referred to as Keysight X-parameters,
are analogous to S-parameters, with
the added capability to simulate non-
linear behavior resulting from large-
signal operating conditions. Other data
formats used between different design
tools include Spice netlists for circuit
blocks, interchange file format (IFF) for
schematic information, and layout for-
mats like GDSII and DXE

These standard formats can work
adequately, but they each have their lim-
itations. For instance, S-parameters are
for linear simulation—they do not work
for nonlinear simulations. And some RF
simulators can only use two-port MDIF
files. Large-signal polyharmonic models
can take along time to generate and sim-
ulate, and the files tend to be quite large,
making them hard to share. Specifically,
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2. This diagram illustrates the Cadence Spectre translation flow for co-simulation in the NI

AWR Design Environment platform.

for X-parameters, the files can be in the
gigabytes.

DESIGN CHALLENGES FOR
MODULE AND SUBSYSTEM
DESIGNERS

For RF modules that integrate mul-
tiple technologies developed with
a range of tools, the need for greater
interoperability between tools often
goes beyond simple data-format com-
patibility due to the complexity of the
overall design task. Front-end modules
and other multi-technology devices
can contain upwards of 25 integrated
circuits (ICs) on a single laminate mod-
ule, including BAW and SAW filters,
III-V RF MMIC PAs, silicon switches
with multiple antennas, and silicon
LNAs. In this article’s design example,
the silicon switches and LNAs were
designed in Cadence and the acoustic/
laminate filters were done in the Micro-
wave Office software. Figure 1 shows
what a typical multichip module design
would look like.

A less-automated design flow would
incorporate the performance of the
RFICs modeled in Cadence Virtuoso
using small-signal touchstone S-param-
eters, with one file for each switch state,
or an MDIF with the switch state rep-
resented by a parameterized variable.
Either approach requires large files

that must be created, updated with any
design changes, and then shared across
design teams.

Creating the necessary files for all the
needed switch states is time-consum-
ing for the switch designer. The process
could be error-prone in support of the
more than 250 states covered by the
RFIC. In the case of the touchstone files,
only linear behavior is captured. The
nonlinear behavior, which is critical to
switches and even acoustic filters, would
need to be captured by the larger poly-
harmonic file. With the RFIC analysis
and S-parameter file generation taking
seven minutes per state with 68 states for
one switch and 25 states for the other, a
huge time investment is required—one
that would take hours or even days to
generate.

CADENCE VIRTUOSO AND NI AWR
SOFTWARE CO-SIMULATION
FLOW

The solution featured in this article
utilized new capabilities that support
Cadence designs directly within the
Microwave Office software. Figure 2
shows an overview of this flow. Here,
a design flow based on the translation
of the Cadence Spectre netlist within
Microwave Office circuit simulation
enables Cadence Virtuoso and NI AWR
software co-simulation.
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The flow is made possible by taking
the silicon process PDK in Cadence and
translating both the PDK and design
and transporting them via a Spec-
tre design netlist into the Microwave
Office software, where the designer has
access to all NI AWR Design Environ-
ment tools. These tools include Visual

System Simulator (VSS) system design

3. This is a Cadence Virtuoso switch
schematic.

4. The translated Cadence
foundry PDK (left) and the design
PDK (right) appear in the element

software, Microwave Office linear and
nonlinear simulation, APLAC har-
monic balance and transient simulation,
NI AWR layout tools, and AXIEM 3D
planar and Analyst 3D finite-element
method (FEM) EM simulators.

Figure 3 reveals the Cadence Virtu-
oso schematic for a double-pole/eight-
throw (DP8T) silicon switch with on-
die filter. The critical component is the
antenna switch module (ASM), which
has six different switch states.

NETLIST AND RUN

Using the “Netlist and Run” com-
mand within Cadence will create the
files needed for NI AWR software trans-
lation. Since this command is run from
a test-bench level, the schematic that
must be translated is actually a subcir-
cuit. The most critical file created is
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(foundry PDK process) and the
DESIGN block for the design
variables from the Cadence
design are visible in this
Microwave Office schematic.
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input.scs, which contains all of the rel-
evant Cadence schematic information.

Running the “Import Spectre Netlist
Design” script will bring up a simple
user interface dialog. Translation of this
switch design (approximate 2,000-line
netlist) took roughly one second. When
the translation is complete, two compo-
nents are available for use in any design:
one for the process and the other for the
actual design.

A log file is also generated that pro-
vides the designer and/or design sup-
port team with more detailed infor-
mation concerning the cells that were
translated, the libraries used, and the
test-bench simulations. The translation
includes microstrip-line (MLIN) ele-
ments from the original design, which
provides accurate modeling of disper-
sion and loss in the transmission lines
found within the design. In addition,
directory paths to any files containing
S-parameter blocks on the Cadence side
are captured.

Once the switch design is translated,
the user loads the two new PDKs into
a new or existing project in Microwave
Office software: the translated Cadence
foundry PDK (csoi7rf global foundries
PDK; Fig. 4, left) and the design PDK
(RF-Core; Fig. 4, right). The RF Core
file provides both the schematic element
and the design block. These PDKs will
provide three simple NI AWR software
library elements needed for simulation.

The new library elements are avail-
able through standard “drag and drop”
placement into a Microwave Office cir-
cuit design software schematic, just like
any other schematic element. Looking
at the schematic view in Figure 5, the
PROCESS block is used to reference the
foundry PDK process and allows the
user to alter the process corners. With
the DESIGN block, the user can access
any design variables within the Cadence
design.

It can be seen on the right that this
translated component has roughly 20
ports. The DESIGN block is where the
switch state is controlled (set to 6 in this

29


http://mwrf.com




SPLITTERS/
COMBINERS

from 2 I(HZ fO 65 GHZ as low as 8 9 Zi (qgty.1000)
e

COVERING 10 to 65 GHz
IN A SINGLE MODEL

ZN2PD-E653+

The industry’s largest selection includes THOUSANDS
of models from 2 kHz to 65 GHz, with up to 300 W power
handling, in coaxial,flat-pack, surface mount and rack mount

housings for 50 and 75Q systems.

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

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

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

you need to make a smart decision fast!

— All Mini-Circuits’ catalog models are available off the shelf for immediate

shipment, so check out our website today for delivery as soon as tomorrow!

0 RoHS Compliant
Product availability is listed on our website.

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com 448 Rev V


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

Design-Flow Integration

example), as well as the two voltages that
will control the switch state. The PRO-
CESS block on the top left (highlighted
on the left side of the figure) provides
designers with the ability to specify the
process corners, which is very important
for developing silicon IC designs.

To verify the frequency response
of the netlist translation simulated in
Microwave Office versus the original
Spectre results, the S-parameters from
a test-case Spectre simulation were
imported into Microwave Office for
comparison. The verification setup is
virtually identical to the schematic test
bench containing the translated netlist.
For this simulation, the subcircuit con-
tains the touchstone S-parameter block
exported directly out of Cadence.

COMPARING SMALL-SIGNAL
RESULTS

Figure 6 shows a comparison of the
small-signal response (insertion loss)
through a single path for the NI AWR
software simulation of the translated
netlist versus the Spectre results. This is
represented by S-parameters across the
entire frequency band. As expected, the
results show exact agreement between
the two results.

ADDITIONAL ANALYSIS

Now that the design translation has
been verified, many other simulations
can be performed with the switch, which
includes sweeping the process corners,
tuning/sweeping the switch state, and
tuning/sweeping the control voltages.
The imported RFIC behaves just like
a regular Microwave Office element.
On the left side of Figure 7, the swept
process corners have been compared
to reference data taken directly from
Cadence, showing the impact of the pro-
cess corners and the overlap between
simulators.

The right side of Fig. 7 reveals the sim-
ulated insertion loss for different switch
states (through paths) in this example.
The RFIC has been controlled through
six different switch states. The differ-
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ent responses, depending on the switch
state, are shown. The designer can now
develop the laminate design details
based on an accurate RFIC model easily
changing states through parameter set-
tings, which can be tuned or swept.

Furthermore, as the switch design is
now a regular Microwave Office sub-
circuit, it can be combined with any
other Microwave Office elements, EM
structures, data files, and more. It’s pos-
sible to combine multiple technologies

AWR Simulation vs Spectre Results
0
-5
—DB(13(8,1)))
-10 Ref Data. AP
-5 DB(IS(8,1)))
Translated Design AP
-15
0 1 2 3 4 5 6 7 8 9 0 11 12 13
Frequency (GHz)

6. The small-signal results from the NI AWR software simulation are compared with the
Spectre results.

AWR Simulation vs Spectre Results AWR Simulation Swept Switch State

Sweeping process corners
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7. Other simulations can now be run with the switch because it behaves like a regular
Microwave Office element.

Microwave Office

Virtuoso

8. The switch layout is able to be exported out of Cadence Virtuoso and imported into NI
AWR software, where it can then be associated or linked with the schematic subcircuit to

ensure proper layout connectivity.
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into a single Microwave Office project,
enabling co-simulation across technol-
ogies, as well as layout integration. A
single laminate module can contain and
combine Si switches, III-V PA RFICs,
acoustic filters, and more. The final inte-
grated design layout includes acoustic
filters along with Si-device, GaAs-PA,
and module technology.

t’s possible to

combine multiple
technologies into a sin-
gle Microwave Office
project, enabling
co-simulation across
technologies, as well
as layout integration. A
single laminate mod-
ule can contain and
combine Si switches,
III-V PA RFICs, acoustic
filters, and more. The
final integrated design
layout includes acous-
tic filters along with Si-
device, GaAs-PA, and
module technology.

ASSIGNING LAYOUT

The switch layout can also be exported
out of Cadence Virtuoso in a standard
format like GDSII and imported into
NI AWR software, where it can then be
associated or linked with the schematic
subcircuit to ensure proper layout con-
nectivity (Fig. 8). The layout geometries
are identical, with the colors being differ-
ent simply as a matter of preference.

CONCLUSION

This article presented an integrated
design flow for combining multiple
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technologies originating from differ-
ent software tools into a single project,
enabling co-simulation across simula-
tion and layout design tools. This flow
allows designers to not only integrate
different semiconductor and packag-
ing (laminate) technologies, but lever-
age complex designs that were originally

created in a leading RFIC design envi-
ronment for incorporation into a design
environment specialized for MMIC, RF
PCB, and module development. The
final integrated design layout includes
four different technologies: acoustic fil-
ters, a silicon device, a GaAs PA, and
module technology. [
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Striking the Right Balance:

RF Power Output
and Efficiency

Optimizing the cost and operating time for portable electronic systems running on
batteries often comes down to one critical system-level parameter: efficiency.

fficiency in electronics is
a measure of how well a
device or system does with
the power available to it. For
a battery-powered product, it’s easy to
tell when it’s efficient, since more effi-
cient products will operate for longer
time periods on a given battery charge.
With the world moving to portable cell
phones and eventually 5G cellular sys-
tems, cellular radios with high efficiency
will contribute to effective wireless com-
munications networks and longer talk
times per charge. High efficiency isn’t
confined to just power amplifiers (PAs)
within the system, though; it involves
all of the components that contribute to
minimizing signal losses and power.
Efficiency in an RF/microwave sys-
tem can be described in its simplest
form as the amount of RF/microwave
output power that’s produced, such as
from a PA, from a given amount of dc
input power, such as a power supply or
a battery. Although the concept is sim-
ple, efficiency may not be easy to deter-
mine for an application. That’s because
it depends on the type of active device
or devices used in a PA, the operating
frequency, temperature, the drive level,
and even the impedance of the load.
Even comparing a transmitter based on
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an electron-tube configuration, such
as a traveling-wave tube (TWT), to a
solid-state PA based on the latest gal-
lium-nitride (GaN) power transistors
will provide some insight into how effi-
ciency can differ drastically for the same
frequency range and output power level.

Achieving high efficiency in an elec-
tronic system is a common goal for
designers, although it can be quite chal-
lenging and may involve many compo-
nents in the system. Power efficiency
is usually associated with an electronic
system’s active components, such as the
PAs in a radio’s transmitters and low-
noise amplifiers (LNAs) in a receiver.

A receiver and its LNAs are always
typically powered on and the transmit-
ter and PA are powered on only when
signals are being sent to another receiv-
er. It’s the efficiency of the PA, though,
that can have the greatest impact on the
overall efficiency of a transmit/receive
system.

Still, a system’s passive components
can also contribute to efficiency. Ener-
gy is often dissipated as heat by way
of some form of loss. For example, the
insertion loss of the input and output
coaxial cables and connectors can lower
the efficiency of the PA by turning some
of its power into heat. Especially for

applications that rely on batteries, high
efficiency is an important performance
parameter and can make a significant
difference in an electronic system’s use-
ful operating time.

Efficiency can pertain to many differ-
ent components within a system, includ-
ing the semiconductor devices within
its PAs. Device-level efficiency refers to
the ratio of power applied to the input
of the device (dc voltage and current)
and the RF/microwave power gener-
ated at the output of the device. For a
bipolar transistor, dc power is applied to
the device collector and the device effi-
ciency is called collector efficiency. For
a field-effect transistor (FET) or high-
electron-mobility transistor (HEMT),
the dc power is fed to the device drain,
so in this case, device efficiency is called
the drain efficiency.

CLASSIFYING AMPLIFIERS
Estimating the efficiency of a high-
frequency circuit or system usually
starts with its choice of active compo-
nents, notably amplifiers. A choice of
RF/microwave amplifier is usually a
compromise between linearity and effi-
ciency, as denoted by the number of dif-
ferent amplifier architectures, such as
Classes A, B, AB,C, D, E, F, G, and H.
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1. Model CMX902 is a three-stage RF PA that combines Class A, Class AB, and Class C stages
for good linearity and high efficiency at the same time, all in a 5- x 5-mm package. (Courtesy

of CML Microcircuits)

Class A amplifiers, for example, pro-
vide very good linearity, but usually with
fairly low efficiency compared to the
other amplifier architectures. In prac-
tical commercial designs, such as the
model CMX902 PA from CML Micro-
circuits (www.cmlmicro.com), multiple
stages using different amplifier classes
may be integrated to combine good lin-
earity with high efficiency (Fig. I).

Class A amplifier stages (Fig. 2) are
implemented with a single active device,
such as an electron tube or transistor,
and are often referred to as “single-end-
ed” amplifiers for that reason. They pro-
vide low distortion and good linearity
for input signal waveforms by supply-
ing bias power and the active device’s
conduction at all times. The bias energy
(voltage and current) may be varied in
response to changes in the input signal
waveform, but the power is always on,
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with the best efficiency usually being
50% or less. For amplifiers, one form of
efficiency that considers the amount of
power in the input signal waveform is
known as the power-added efficiency
(PAE).

When the efficiency of an RF/micro-
wave amplifier considers the effects of
the amplifier’s gain on the difference
between the output power and input
power of the amplifier’s signal wave-
forms, it’s usually referred to as power-
added efficiency (PAE). When the gain
is high enough, the PAE is typically close
in value to the amplifier’s efficiency.

To increase efficiency, a Class B PA
uses two active devices in what’s often
referred to as a “push-pull” configura-
tion. An input signal waveform is pow-
er-divided into two signals, with each
transistor conducting and amplifying
the split half of the input signal wave-

form for one-half the time, or for one-
half or 180 deg. of the input waveform
cycle. Then the two halves of the ampli-
fied signal waveforms are power-com-
bined and reassembled at the output of
the PA. The active devices operate with
a 180-deg. phase difference so that their
outputs can be combined to achieve a
maximum total signal level.

Although this amplifier configuration
requires more active devices, the devices
can be turned off for as much as 50%
of the time to approach an efficiency of
78.5% under ideal conditions. However,
the high efficiency from the signal pro-
cessing and device switching results in
less linearity than a Class A amplifier.

Class AB amplifiers represent efforts
to combine the high linearity of Class A
amplifiers with the improved efficien-
cy of Class B PAs. Here, the two active
devices are on for more than “just”
50% of the time, creating an overlap-
ping period when both devices are pro-
cessing an input signal waveform. This
produces a longer duration of amplified
signal waveform, with the opportunity
to achieve smooth transitions between
when each active device is driving the
input waveform, albeit with some sacri-
fice in overall gain compared to a Class
B PA architecture.

To create greater efficiency, multiple
active devices in Class C PAs conduct
for less than one-half of the input signal
waveform, or less than the 180 deg. of a
Class B amplifier configuration, to save
power during the process of boosting
the input signal waveform.

By operating active devices with con-
duction angles as low as 80 deg., a Class
C amplifier can achieve extremely high
efficiency, approaching 90% in some
cases. The tradeoff is that turning on
and off and switching among multiple
active devices results in high levels of
distortion and, typically, the need to add
resonant circuits to recover amplified
circuits. Class C amplifiers are a good
fit for applications in which distortion is
not critical, such as for powering pulsed
radar signal waveforms.
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2. Model 3100LA is a robust Class A PA with high linearity from 250 kHz to 150 MHz. (Courtesy
of ENI)

Class C amplifier configurations are
also used in combination with Class B
PAs for a “Doherty” amplifier, which is
essentially a Class B amplifier in parallel
with a Class C amplifier. The PA oper-
ates in Class B most of the time to main-
tain good linearity. However, during
signal peaks, it will draw on the paral-
lel Class C stage to provide higher peak
power but with less linearity.

Signals of the two amplifier stages
are summed at the output of a Doherty
amplifier to achieve high output power
with somewhat better efficiency than a
standard Class B amplifier. Additional
amplifier classes attempt to increase
operating efficiency for such applica-
tions as battery-powered mobile devic-
es, using switched power supplies and
driving signals as pulsed waveforms.

In addition to different amplifier
classes for choices of operating behav-
ior, amplifier designers have explored
creative circuit techniques to boost effi-
ciency. Solid-state amplifiers tend to
operate at high efficiency when its active
devices are operating close to com-
pression, and techniques to modulate
an amplifier’s load (such as amplitude
or phase tuning) have been applied to
maintain the devices close to their com-
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pression points, although this is more
difficult to do over broader bandwidths.

In recent years, envelope tracking
is a technique that has been applied
to increase amplifier efficiency. The
amplifier’s bias energy is dynamically
adjusted to maintain the amplifier in its
peak operating region, with its active
devices as close to compression as pos-
sible. Rather than the fixed dc supply to
a conventional amplifier, an envelope-
tracking PA modulates the power supply
to the amplifier with a wide-bandwidth
waveform synchronized to the input sig-
nal waveform to the PA.

Envelope tracking can be implement-
ed in several ways, by means of detect-
ing and monitoring the characteristics
of the input waveform to be amplified.
The supply voltage, for example, may
be continuously adjusted to track the
amplitude of the input waveform. For
an amplifier with a high peak-to-aver-
age power ratio, envelope tracking may
require the use of a power supply with
an extremely wide dynamic range to
optimize efficiency.

In all classes, impedance matching
of an amplifier’s active devices to sur-
rounding input and output circuits and
components is critical for optimum

transfer of signal energy to and from
an active device and optimum ampli-
fier efficiency. RF/microwave ampli-
fier designers have long relied on the
Smith chart for a graphic depiction of
a device’s impedance characteristics,
and commercial wideband impedance
tuners that can adjust impedance to a
device while making measurements on a
device in an appropriate test fixture with
a broadband vector network analyzer
(VNA).

Current manufacturers of such devic-
es include Focus Microwaves (www.
focus-microwaves.com) and Maury
Microwave (www.maurymw.com). Each
has extensive lines of fundamental- and
harmonic-frequency manual and auto-
matic (controlled with stepper motors)
impedance and load-pull tuners. Both
companies also offer calibrated imped-
ance tuners for use through millimeter-
wave frequencies, to 110 GHz.

NEW FORM OF FEEDBACK

In the future, creative use of energy
harvesting will no doubt be applied to
increase the efficiency of high-frequen-
cy (and even portable audio) amplifiers.
Energy harvesting (see “Harvest Energy
from RF Sources,” Microwaves & RE, Jan-
uary 2019, p. 54) is a way to extract RF
power from the environment, such as by
receiving and converting transmissions
from radio stations. It’s being planned as
a major source of power for mobile and
portable wireless devices like Internet of
Things (IoT) sensors and RFID tags, but
it can be designed into the supporting
circuitry of RF/microwave PAs to con-
tribute to the overall efficiency.

Because of the heat normally dissi-
pated by an RF PA, alternative energy-
harvesting approaches are being devel-
oped to boost amplifier efficiency. One
of these is the use of a thermoelectric
generator to transform the heat generat-
ed by an amplifier into electrical energy
that can be fed back to the amplifier. In
a way, the PA’s own initial shortcomings
in efficiency are actually being used to
increase its operating efficiency. il
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The Age of Ever-
Shrinking Test Gear

Working with computers and software, USB-powered RF test instruments are bringing
measurements with less size and cost than traditional equipment—yet still pack a

punch.

icrowave test
equipment is
gaining in power
even as instru-
in size. Portable

a ri

spectrum analyzers and oscilloscopes,
for example, were once typified by car-
rying handles and lightweight battery
packs; now they include a Universal
Serial Bus (USB) for connection to a PC.
In combination with available software,
modern RF/microwave instruments are
making it possible to pack a laboratory
worth of measurement capability in a
suitcase, and bring high-frequency mea-
surements into the field without losing
too much of the power of larger bench-
top or rack-mount instruments.

The proliferation of USB RF/micro-
wave test instruments over the last few
years has been phenomenal, to the point
that almost any measurement function
can be contained within a pocket-sized
package. Although they still require
additional software and computing
capability, like a laptop PC, such mea-
suring instruments are every bit equal
to the tasks of generating and analyz-
ing signals through the RF and lower-
microwave frequency ranges.

However, such equipment still lacks
in performance compared to full-sized

GO TO MWRF.COM

rack-mount and benchtop full-sized test
instruments at higher microwave and
millimeter-wave (mmWave) frequen-
cies—but they are gaining. Although
coaxial connectors are available through
mmWave frequencies, just intercon-
nections based on waveguide (when
required) can be larger than one of today’s
USB RF/microwave test instruments.
Almost any RF/microwave measure-
ment function is currently available as
a USB instrument, perhaps if only with
less bandwidth and frequency range
than full-sized test instruments. Even
a line of USB vector network analyzers
(VNAs), such as the TTR500 series from
Tektronix (www.tek.com), provide cost-
effective, simple-to-perform two-port

vector network measurements with a
USB connection and control of a laptop
computer (Fig. 1).

1. Two-port VNAs in the TTR500 series can
make S-parameter measurements across

a 122-dB dynamic range from 100 kHz to 6
GHz. (Courtesy of Tektronix Inc.)

These pocket-sized instruments can
make two-path S-parameter measure-
ments across a 122-dB dynamic range
for signals from 100 kHz to 6 GHz. The
analyzers are designed to work with the
company’s VectorVu-PC measurement
software and feature an application pro-
gramming interface (API) for Microsoft
Windows operating-system (OS) soft-
ware.

A company long associated with
VNAs, first as Hewlett-Packard Co.,
then Agilent Technologies, and now as
Keysight Technologies (www.keysight.
com), has shown it’s quite capable at
fitting an effective VNA architecture
into a USB-powered enclosure. The
firm’s Streamline Series of P937XA
model two-port USB VNAs, although
a fraction the size of a benchtop VNA
(Fig. 2), sacrifice little in measurement
capability and accuracy across a total
frequency range of 300 kHz to 26.5
GHz.

2. The Streamline Series of USB VNAs cov-
ers a total measurement range of 300 kHz to
26.5 GHz. (Courtesy of Keysight Technologies)
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A total of six models provide frequen-
cy coverage of 300 kHz to 4.5, 6.5 9.0,
14.0, 20.0, and 26.5 GHz with +1-Hz
frequency accuracy. They also achieve
dynamic range of better than 114 dB at 9
GHz and better than 110 dB at 20 GHz.
These lightweight little VNAs offer fine
frequency tuning, with resolution of 1
Hz to 2.5 GHz, 3 Hz to 10 GHz, 6 Hz to
20 GHz, and 12 Hz above 20 GHz. As
small as the USB package, the architec-
ture can be expanded to accommodate
four-port VNA measurements.

Not to forget one of the “workhorse”
instruments at lower frequencies, Key-
sight also offers its model U2702A
200-MHz USB modular oscilloscope;
in appearance, it looks very similar to
the USB VNAs. The oscilloscope works
with test software running on a PC with
the Microsoft Windows 7 or newer OS,
using the computer’s display screen to
show measured results and the graphical
user interface (GUI) for setting up mea-
surements. With 32 Mpoints of memory
and a 1-Gsample/s sampling rate, the
little USB oscilloscope can hold its own
with much larger scopes built for the
same test bandwidth.

When it comes to USB and VNAs,
few companies can match the choice of
instruments offered by Copper Moun-
tain Technologies (www.coppermoun-
taintech.com) and its one-, two-, and
four-port USB VNAs for testing through
20 GHz. With instruments for both 75-
and 50-Q measurements, USB VNAs
like the 50-Q model C4420 perform all
four S-parameter measurements with
measurement speeds as fast as 10 ps/
point and dynamic range as wide as
152 dB. To add to its power, the firm
also offers versions of its CobaltFx Fre-
quency Extension System that can bring
two- and four-port 9- and 20-GHz USB
VNAs much higher in frequency—as
high as 110 GHz when needed!

PACKING IT IN

Although many of the latest USB
RF/microwave test instruments rely on
a USB-connected computer to show
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test results, some high-frequency USB
instruments truly pack everything into
one package, such as the compact hand-
held spectrum analyzers from B&K Pre-
cision Corp. (www.bkprecision.com). The
firm’s 2650A series of analyzers cover fre-
quency ranges of 50 kHz to 3.3 GHz or
8.5 GHz, with a tracking generator avail-
able for models through 3.3 GHz.

In addition to working with a USB
computer, B&K’s spectrum analyzers
have a built-in color liquid-crystal-dis-
play (LCD) screen with 640- x 480-pixel
resolution and they can operate for as
long as 4 h on a battery charge for ease
of portable measurements (Fig. 3).
They weigh only 4 Ibs. (1.8 kg) with the
rechargeable lithium-ion battery and
deliver measurement capabilities that
compare favorably with much larger
benchtop spectrum analyzers. Specs
include SSB phase noise of —90 dBc at
100 kHz offset from the carrier, dis-
played average noise level (DANL) of
—127 dBm, and fast sweep speeds for
performing quick scans for noise and
interference.

3. Some USB
instruments,
such as these
handheld spec-
trum analyzers,
can display test
results on their

own screens

HE EE ..
HE b ..

in addition to a
connected PC.
(Courtesy of B&K
Precision Corp.)

Among the smallest of USB RF/micro-
wave test instruments, the MA24108A
(10 MHz to 8 GHz), MA24118A (10
MHz to 18 GHz), and MA24126A (10
MHz to 26 GHz) true-RMS power sen-
sors from Anritsu Co. (www.anritsu.
com) have block diagrams that resemble
a measurement bench, with two diode-
based signal paths orchestrated by a
microcontroller even while they are
contained in a housing that fits into a
shirt pocket (Fig. 4). These tiny mea-

4. These power sensors are capable of NIST-

traceable measurements at frequencies as
high as 26 GHz. (Courtesy of Anritsu Co.)

surement tools can be calibrated with
traceability to the National Institute
of Standards and Technology (NIST).
They are complete power measurement
systems, with calibration factors and lin-
earity and temperature correction data
stored within the sensor.

The two diode detector paths provide
measurement options within these test
systems, allowing the microcontroller
to choose the signal path that maintains
the detector diodes within their square-
law regions or power level to achieve
the highest measurement accuracy. The
power sensors can be used with a USB
connection to a PC or with selected
company handheld power meters. They
can make true RMS power measure-
ments for CW, multitone, and digitally
modulated signals over a better than
60-dB dynamic range.

Anritsu also offers its ShockLine
MS46122B series of USB VNAs with
three two-port models covering band-
widths of 1 MHz to 8.0, 20.0, and 43.5
GHz. These compact USB-controlled
instruments boast better than 100-dB
dynamic ranges and measurement
speeds of better than 130 ps/point, mak-
ing them well-suited for passive 5G
component measurements.

GENERATING SIGNALS

Lest it seem that all USB instruments
are for analyzing or measuring RF/
microwave signal characteristics, signal
generators such as the LSG and LMS
series Lab Brick instruments from
Vaunix Technology Corp. (www.vaunix.
com) provide swept-frequency and CW
output signals through 20 GHz with
very good spectral purity, including low
phase noise. The LSG series of signal
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generators are designed for swept-
frequency signal generation, while
the LMS series instruments provide
frequency switching speeds as fast as 100
ms with 100-Hz frequency resolution.
They are capable of phase-continuous
sweeps and can work with internal or
external pulse modulation.

In addition to its compact signal gen-
erators, Vaunix has added its LPS line
of phase shifters in the same compact
housing, with mini-b USB connector
and SMA RF connectors (Fig. 5). Mod-

5. Phase shifters such as these operate
under USB control at frequencies to 12 GHz.

(Courtesy of Vaunix Technology Corp.)

els are available for frequency ranges of
1to 2 GHz, 2 to 4 GHz, 4 to 8 GHz, and
8 to 12 GHz, each with 1-deg. phase-
adjustment resolution and +2.5-deg.
phase-adjustment accuracy across a
full 360-deg. phase-adjustment range.
These phase shifters, which are handy
little devices for performing measure-
ments on phased-array antennas and
systems as well as phase-sensitive
coaxial cables, maintain healthy test-
signal power with typical insertion loss
of only 5 to 6 dB throughout their fre-
quency ranges.

For those in need of complex modu-
lated test signals, the model VSG-25A
from Signal Hound (www.SignalHound.
com) truly houses large capabilities in
a small package (Fig. 6). Thisisa 12-b
in-phase/quadrature (I/Q) baseband
arbitrary waveform generator that can
generate analog, digital, and arbitrary
output waveforms. It can be clocked
from 54 kHz to 180 MHz to produce

an output frequency range of 100 MHz
to 2.5 GHz with better than 1-Hz fre-
quency resolution and better than +5
ppm/year frequency accuracy.

The VSG-25A boasts a 100-MHz
modulation bandwidth and includes the
software and API needed to generate
any number of advanced modulation
formats, such as binary phase-shift key-
ing (BPSK), quadrature phase-shift key-
ing (QPSK), 16-state phase-shift keying,
and Gaussian minimum shift keying
(GMSK). It can also deliver output sig-

VSG25A 01000050

Vector Signal Generatar

Signal HavAe

6. This arbitrary waveform generator fits on
a “USB stick” but provides complex modu-
lated signals through 2.5 GHz. (Courtesy of
Signal Hound)
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USB Test Equipment

nals with more than 1000 simultaneous
tones as well as pulse widths from 6 ns to
25 ms with on/off pulse ratios of better
than 45 dB and typically 60 dB.

The USB signal generator is capable
of output signal levels from —40 to +10

-88 dBc/Hz offset 1 kHz from a 1-GHz
carrier and —132 dBc¢/Hz offset 1 MHz
from the same carrier. It measures just
5.50 x 2.25 x 1.0 in. and weighs a mere 5
oz. The signal generator is designed for
use with Microsoft Windows 7.0 or later

format, the firm also offers the model
USB-SA44B measuring receiver and
spectrum analyzer in the same little
package. It covers a range of 1 Hz to 4.4
GHz. It’s capable of a DANL of —124
dBm/Hz at the lowest frequencies, as

dBm. It features excellent spectrum  OSand a USB 2.0 port.

Packing a receiver into the same basic

good as —158 dBm/Hz at 1 GHz with a
built-in preamplifier, and —128 dBm/
Hz or better at the highest frequencies

purity, with SSB phase noise of typically

with no preamplification. The compa-
ny’s Spike software is compatible with
Microsoft Windows 7.0 or higher OS
and allows the spectrum analyzer to
operate as a real-time spectrum ana-
lyzer (RTSA).

For even higher frequencies
(through 26.5 GHz), Telemakus LLC
(www.telemakus.com) offers a line of

FASTER, QUIETER, SMALLER

SIGNAL SOURCES

QUICKSYN SYNTHESIZERS

frequency-synthesized signal sources
in bands such as 700 to 1000 MHz, 1.8
to 2.7 GHz, 9.3 to 10.2 GHz, and 24.0 to
26.5 GHz. The company has extensive
lines of RF/microwave instruments with
USB ports, including RF/microwave
switches through 6 GHz, digital
attenuators through 8 GHz, and power

Design smaller and more efficiently

with National Instruments QuickSyn
sensors covering a frequency range as

wide as 50 MHz to 8 GHz. The compact
model TED8000-40 power sensor, for
example, covers a 40-dB measurement

synthesizers. The revolutionary phase-
refining technology used in QuickSyn

synthesizers enables blazing fast range with 0.5-dB accuracy from 50

switching speeds, very low spurious MHz to 8 GHz (Fig. 7).
and phase noise performance, wide

frequency range, and small footprint.

7. One of the earliest suppliers of USB fre-

ni-microwavecomponents.com/quicksyn quency synthesizers is now offering models
through 26.5 GHz. (Courtesy of Telemakus

LLC)

It should be noted that this is just a
sampling of the number of RF/micro-
wave USB test instruments currently on
the market—that number continues to
climb and with more extending higher
in frequency. These handy test tools are
a fraction of the size and costs of bench-
‘7NAT|0NA|_ top measuring instruments, but for

’ INSTRUMENTS those with a PC available, they sacrifice
little in performance and accuracy. Il
© 2016 National Instruments. All rights reserved.

40 FEBRUARY 2019 MICROWAVES & RF


http://www.telemakus.com
http://ni-microwavecomponents.com/quicksyn

RF TESTSYSTEMS

Expandable for Multiple Inputs & Outputs

*Programmable attenuators, multi-throw
switches, power splitters and more!

- Simply add more to your existing system |
to increase capacity and capability!

[IMini-Circuits’

www.minicircuits.com (718) 934-4500 testsolutions@minicircuits.com 579 Rev A_P



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

Design Feature

FARRON L. DACUS | RF Design Consultant, Longwing Technology
www.longwingtech.com

Noise Sources in Ultra-Low-
Noise Synthesizer Design

This article, the second in a five-part series, focuses in on the synthesizer phase noise
sources outside the synthesizer chip, such as noise induced in the voltage-controlled
oscillator by power supplies and by the various loop-filter forms.

hase noise is an interference source and a dynam-
ic range limit in communications systems. The
noise can cause interference both “in-channel”
for systems with modulation terms close to the
carrier, or further from the channel being used in what’s often
referred to as adjacent or alternate channel performance.

This is the second article in our low-noise synthesizer
design series. A moderately longer version will be posted
on the Microwaves & RF website, and a still more complete
version will be posted on the Publications page at www.long-
wingtech.com. The first article (Ref. 1) covered basic design
for functionality and stability. This second article, as well as
the upcoming Part 3, will extend the basic methods to specifi-
cally cover designing for minimum phase noise. Here, Part 2
focuses on noise sources outside the synthesizer integrated
circuit (IC), such as the voltage-controlled oscillator (VCO)
and the various loop-filter forms.

The synthesizer IC noise and loop functions for shaping
and combining all of the sources will be presented in the next
article, revealing how modern synthesizer ICs with on-die
VCOs can deliver performance that’s often competitive and
sometimes superior to synthesizers with low-noise discrete
VCOs. The fourth article in this series will cover parts and
CAD tools available to the low-noise synthesizer designer. The
fifth and final article will bring this material together in the
form of low-noise synthesizer examples.

FREQUENCY-DOMAIN DEFINITION OF PHASE NOISE

We speak of phase noise as the frequency-domain spectral-
density noise surrounding the carrier of a frequency source,
such as a VCO. It’s described in units of decibels relative to car-
rier power per Hz, at an offset “t” from the carrier frequency
(Fig. 1). Refer to a source such as Ref. 2 for a more detailed
definition.

In the shown VCO noise figure, the —30 dB/decade part of
the slope below frequency f, is flicker noise, which is predomi-
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1. This is the phase noise of a free-running VCO and a phase-locked
VCO. Here, the dB value will be referred to as Lyg(f) = 10log(L(f)).

nantly caused by baseband flicker noise in the internal ampli-
fier mixing up around the carrier. The —20 dB/decade slope
is a basic indicator of Q in the oscillator loop. The —10 dB/
decade part of the slope is typically only seen in very-high-Q
oscillators. The floor is generated by the thermal noise raised
by the gain and noise figure of the active device.

The phase noise as shown in Figure I is single-sided. Con-
sideration of total noise on both sides, the “spectral density
of phase fluctuation” needed to covert phase noise to timing
jitter, is discussed in the long version.

INDUCED NOISE IN THEVCO

Basic Induced Noise

Noise on the input (steering) voltage of the VCO will induce
a sideband-to-carrier spectral component according to:
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We shall refer to this important relationship as the “VCO
Noise Modulation Function.” This equation is derived by
small-signal FM theory. Here, Ky, is the Hz/V steering func-
tion of the VCO and V, is an rms modulating signal. If V, is
an rms spectral noise density, then this sideband-to-carrier
becomes a phase noise density and is converted to dBc using
20log.

The noise-modulation function may also be used to give a
phase-noise term due to noise on the supply through the pow-
er supply “frequency pushing” term K,p,. Noise is modulated
from this source to phase noise according to:

_ VapKphz

cp__\/?

For both input and power-supply noise, a flat noise spectral

%(power supply) = S )

density will cause phase noise to decline at 20 dB/decade as
frequency increases—similar to the most important part of
a VCO noise curve. Over this frequency range, a constant
(frequency flat) allowed noise density on steering and power
nodes to be specified at a level that keeps this noise below the
VCO free-running 20-dB/dec noise slope.

LOOP BW AND VCO Kyz EFFECTS ON PHASE NOISE

The existence of the induced noise leads us to beware of
noise on the VCO input, and to look for effects caused by such
noise as a function of design choices such as loop BW and
VCO gain. Well inside the loop bandwidth, such noises are
suppressed by phase-locked-loop (PLL) closed-loop action.
But at the loop BW, and for as much as a decade past it, we
will have such noise sources acting unimpeded in inducing
extra VCO noise. We know that the minimum noise we will
have driving the VCO input will be given by the thermal noise
of the zero resistor R,. From the first article, we have this
approximation for Ry:

_4nNwn{ _ 2ZNwyp{ ~ Nowj,

R
2 Kalpd

3)

KHzIpd - KHz"pd

For the resistor thermal noise voltage, we have the standard
equation (Ref. 3):

VnRZ = 4/ 4kTR2 (4)

In the above, k is Boltzmann’s constant (1.38E-23) and T
is absolute temperature (290° at room temperature). Putting
these two equations together with the induced noise relation
(Equation 1), we find the minimum induced phase noise at the
loop bandwidth f; to be:
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In the locked loop, the noise at the loop bandwidth is a criti-
cal figure of merit. With a low-noise VCO, the induced noise
of R, is usually an important component of that noise. This
induced noise represents a minimum possible noise—even
if there were no other PLL noise sources and the VCO were
noise-free, this noise would still exist as the cost of locking the
VCO.

LEESON’S EQUATION FORVCO NOISE—AND ITS
CONSEQUENCES

The Expanded Leeson Equation

A detailed expression for VCO phase noise is given below,
which is an expansion of the famous equation first developed
by Leeson (see long form for references) and further expanded
upon by numerous authors. This expression is a linear power
ratio. Therefore, in converting it to dB, we use 10log. We will
use the variable “L(f)” for linear carrier-to-noise power ratio at
offset “f” We will use “Lygp(f)” for the decibel variant.

In this expression, fis offset frequency; f, is carrier frequen-
cy; £, is the flicker noise corner; k is Boltzmann’s constant; Q is
loaded resonator Q; G is loop gain in compression (the recip-
rocal of VCO loop loss given by 1 — Q;/Q); F is noise factor in
compression; Ky, is VCO gain in Hz/volt; K, is VCO power
supply pulling in Hz per volt; V,;; is spectral noise density at
offset “f” on the steering input; V ,, is spectral noise density at
“f” on the power supply; and Py, is the power dissipated within
the loop (losses from all sources). More detailed information is
provided in the full version at www.longwingtech.com.
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Referring VCO Noise to Input

Leeson’s equation and the earlier relationship on induced
noise show that VCO noise at any frequency can be referred
to the VCO input as a noise voltage that generates that same
VCO noise on the output of a noiseless VCO. Given L(f) or
Lgg(f), we may write for input referred VCO noise V o

LAB(f)
_ VZfom

V —
nvco K
Hz

V2 £JL(F)

Ky,

™)

Noise on the power supply also generates noise on the VCO
output, which will often require ultra-low-noise supplies for
the VCO (discussed in Part 4 of the series). This noise may also
be referred to the input for modeling purposes according to:
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Ksz
Vnpin = Vnp Kna

®

In this equation, Ky, is the VCO gain with respect to the
power supply input in Hz/V and V,, is the spectral voltage
noise density of the supply.

Examination of Leeson’s equation shows the noise advan-
tages of higher-frequency VCOs and dividing down in fre-
quency, and of lower Ky, for induced noise. These issues are
discussed in more detail in the long version, as is conversion of
phase noise to time jitter along with additional noise sources
such as resistor excess noise.

FILTER NOISES AND LIMITS

Noise in the loop filter is for the most part suppressed by
feedback well inside the loop bandwidth. However, around the
loop bandwidth and for up to a decade or so past it, the noise
of the filter may dominate the phase noise. As loop bandwidth
is directly proportional to R, and other resistors in the passive
loop filter generally scale with R,, the filter noise may set limits
on the bandwidth to be used in the PLL. The active loop filter
has the advantage that the largest resistor noise will generally
be from R, along with the disadvantage of op-amp and refer-
ence noises.

Second-Order Passive Filter Noise
The second-order passive filter has the form shown in Fig. 2.

Charge Pump
Vnout
G C;
I R 2. Shown is the second-order
2
= loop filter with noise.
Virz

Analysis of the circuit yields:
4KTR,

®)

nﬂutRz c 2

The filter impedance Z¢ as seen by the charge pump is:

sCazRz 41

Zg = s(sC1C2R2+C1+C3) (10)

If the noise of the charge pump and dividers is modeled as a

noise current I, then:

pm
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2 2 B2
w* C3 R; +1

|Vncpjz = Ign |‘z,f|2 = I;Zm

(11)

Z
w* RECIC,+w2(Cy+Cy)°

The total filter noise squared is then the sum of these two
noises. This form of loop filter represents the lowest possible
noise, as it only has R, as an internal noise source.

Third-Order Passive Filter Noise

3. Depicted is the third-order passive loop filter with intermediate
impedances defined for finding V,,ot-

Figure 3 shows the third-order passive loop filter. In analyz-
ing for V., we define several intermediate impedances. We
then apply voltage and current division to the different blocks.
Going through this process (see long form for more details),
we find the below set of equations:

. 1+sT, _ 1+sCzRz
Zf(s) T sAg(1+sT1)(1+4sT3) s (Azs%+ Aq s+ Ag) (12)
Tz - chz (13)
T3 = R3C;3 (14)
c4C
T34 = 611:3 R; (15)

The noise from R, at the output is:

(16)

v _ 4KTR;
_— E{'Ecé (sT2+1)(sT3-1+1)+(sT3+1)
The noise from Rj at the output is:

4kTR3 [C1(sT2+1)+C2)
(STg+1)[C'1 (ST2+1)+C2]+63(572+1)

Vaoutz = an

And then finally:
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oise in the loop filter is for the most part suppressed by feedback

well inside the loop bandwidth. However, around the loop
bandwidth and for up to a decade or so past it, the noise of the filter may
dominate the phase noise. As loop bandwidth is directly proportional to R,
and other resistors in the passive loop filter generally scale with R,, the filter
noise may set limits on the bandwidth to be used in the PLL. The active loop
filter has the advantage that the largest resistor noise will generally be from
R,, along with the disadvantage of op-amp and reference noises.

Vnout = J Viautz + VioutB (18)

Compared to older integer-N designs, both R, and thus R;
are smaller with the lower N value of modern fractional-N
synthesizers that have high phase-detector frequencies—and
thus have lower noise. Oftentimes, R; is in the range of about
R, to 3R,. With the properly designed third-order passive loop
filter, we may thus approximate the noise voltage to be about
1.5 to 2 times that of the second-order filter.

The lower R, and R; values are factors that contribute to
lower total noise. Additional factors are the higher frequen-
cy to be divided down to the application frequency and the
higher phase-detector frequency and loop bandwidth of the
modern sigma-delta PLL (which will be presented in Part 3).
For discrete VCOs, lower Kyy, allowed by higher voltage is also
an essential factor (see long form for analytic details).

Third-Order Buffered Semi-Active Filter

A common active filter strategy is to break the third- or
fourth-order passive filter up with an op-amp buffer in the
middle that drives the final one or two RC stages, which shall
be referred to here as “semi-active.” Since it’s not the most rec-
ommended active filter form, the analysis and design of this
filter form is deferred to the full version of this article posted
on the Longwing website.

Fourth-Order Active Filter Noise

The design methodology for the highly recommended
“slow slew mode” fourth-order active filter was given in Part 1
of this series (Fig. 4). This active filter architecture is designed
to reduce the bandwidth and slew-rate requirements on the op
amp, at which it’s partially successful. The use of the inverting
mode with R, and C, in the feedback path allows this form
to provide higher tune voltages with low noise gain. Current
flows through R; and then through R,/C; to charge up the
op-amp output to whatever voltage is needed. The input RC
is intended to shield the op amp from the high slew rate and
bandwidth of the charge-pump output.

GO TO MWRF.COM
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4. The fourth-order active loop filter with option to become fifth-order.
The noise sources to be analyzed are shown.

However, it may be advantageous to add an additional input
RC stage. As pointed out by Banerjee, experimental evidence
(Ref. 4, 5th ed., pp.371-372) indicates that when the op amp in
an active loop filter is not fast enough, the 1/f noise of the PLL
can sometimes increase by several dB. This is presumably due
to pulse widening that allows more charge pump 1/f noise to
go through.

The noise on the steering output of the active filter may be
characterized as the sum of the noise powers from the plus
input, the minus input, the forward impedance, and in the
final RC stage.

The minus input noise is the thermal of R3 gained up by:

2

¥4
Vioprs = 4kTRs |71 (19)

We can generate this over frequency using the next several
relationships:
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common active filter strategy is to break the third- or fourth-

order passive filter up with an op-amp buffer in the middle that
drives the final one or two RC stages, which shall be referred to here as
‘““semi-active.” Since it’s not the most recommended active filter form, the
analysis and design of this filter form is deferred to the full version of this
article posted on the Longwing website.

o 1 _ sC3R3+1
Zpack =Rz + - = — (20)
_ 1+sR2C2
Zfor - s(C1+C3+sR2C2Cq) (21)

Next, we consider the gained noise from the plus input of
the op amp. This is the gained rms sum of the reference noise
and the op amp’s own noise, given by:

2

-
Vaopy =

z
v, |1+ 22
The below magnitude squared functions are convenient to
use:

1 o?R3C; +1

2. 2
|Zback| = R3 + w2C§ wZL‘%

(23)

w?C5RE +1
w* R3C3C5+w02(C1+C3)?

Zreel” = @

The noise generated by R, is found by taking into account
that the minus input of the op amp is a “virtual ground” Op-
amp feedback holds it equal to the plus input. Therefore, noise
from R, comes straight through to the output except in the
case of being filtered within Z¢,. when C; > 0.

4KTR;

| VnopRZ |2 = ( (25)

2
1+ g—;) +(21fR2C1)2

The noise generated on the op-amp output by the op-amp
noise current is again found by noting that the minus input
is held equal to the plus input via op-amp feedback. The only
way for that to hold is for I,,, to flow totally through Zg,, and
not through Zy, .

Vaopimop| = Bop [Zfor|”  (26)
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For the sake of convenience, we may count the noise of R4 as
part of the op-amp output. We now have all of the noise terms
at the op-amp output.

2 — 2 2 2
Vnoptot = VnopRB ik Vnopp + VnopRz +

2 2
Vnopmop + Vn.‘M (27)

This noise needs merely to be passed through a now noise-
less R4/C, filter function to provide the noise from the active
filter to be presented to the steering input of the VCO.

VZ
V:rzwut = ;z_ggé_i_l (28)

With the above, we have all of the major open-loop noises
that will be shaped by the loop except for what is sometimes
called the “PLL noise” This is something of a misleading term
since it typically means just the noise of the charge pump and
dividers in the PLL—not the total PLL noise. It’s not given
above in the noise sources review, since it’s normally specified
as a closed-loop noise after shaping. It will be covered in Part
3 along with the methods for analyzing how noise is shaped,
optimum loop bandwidth, and the synthesizer IC figure of
merit for evaluating chip noise. [
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Design Feature
KENNETH PUGLIA | E x H Consulting Services

A Brief Tutorial on

Microstrip
Antennas (Part 4)

Wrapping up this series on microstrip antennas, attention turns to series feeds for
microstrip array antennas along with the series/parallel combination technique.

his article picks up where

Part 3 left off by diving into

the topic of series feeds for

microstrip array antennas.
The combination of series- and paral-
lel-feed techniques will also be exam-
ined.

SERIES FEED FOR MICROSTRIP
ARRAY ANTENNAS

In addition to the parallel, or corpo-
rate, feed for microstrip antenna arrays,
the series feed represents another array
implementation method.! Figure 1 illus-
trates the microstrip array series feed
with an N-element array, as well as a
five-element array featuring the ease
with which amplitude taper may be
implemented.

Recall from the introductory mate-
rial that the width, W, of the conduc-
tor is a determining factor with regard
to directivity and impedance. It’s also
instructive to view the equivalent cir-
cuit of the series arrangement in com-
bination with admittance elements
developed from the transmission line
and cavity models (Fig. 2). The equiva-
lent circuit has demonstrated utility in
providing reasonable initial values for

GO TO MWRF.COM

the element dimensions and the con-
necting line impedance.

Using the single-element microstrip
antenna that was initially investigated
and empirical adjustment of element
width to produce an amplitude taper,
a 1-x-5 array was constructed and an
electromagnetic (EM) analysis execut-
ed. The results are graphically illustrated
in Table 1.

7~ O 00 =N-]

SERIES/PARALLEL FEED FOR
MICROSTRIP ARRAY ANTENNAS
This final example of microstrip
antenna arrays will examine the combi-
nation of series- and parallel-feed tech-
niques. The series/parallel feed is quite
common due to flexibility in the ability
to provide amplitude taper and phase
progression. The 1-x-5 series-feed array
of the previous section is repeated four

o W
N
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1. Series-feed microstrip arrays include an N-element array, shown on top, while the bottom

reveals a five-element array.
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2. Depicted here is the equivalent circuit of the series-feed microstrip array.
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times to form a 4-x-5 array with ampli-
tude taper in azimuth and no amplitude
taper in elevation. The results are sum-
marized in Table 2.

As a final example of microstrip
antenna-array properties, the previous
4-x-5 array performance is enhanced by
amplitude taper in elevation to reduce
the elevation beam sidelobes. Table 3
reveals these results.

Notwithstanding the flexibility
and ease of incremental design and
analysis, the series/parallel feed of
microstrip array antennas is limited,
particularly with respect to amplitude
taper of the series-feed elements. The
limitation in magnitude of the ampli-

tude distribution results directly from
the limited sensitivity of the single-
element microstrip antenna to varia-
tion in conductor width, W. A quan-
titative evaluation of the sensitivity
of microstrip antenna directivity may
be attained via numeric evaluation of
the single-element directivity equa-
tion (Part 2, Equation 7), with W as a
variable.

A FINAL NOTE

A judicious approach to the EM simu-
lation of antenna arrays is represented
in the incremental analysis structure,
i.e., starting with a complete explora-
tion of a single element of the array and

Table 1: 1-x-5 Element Linear Array

subsequently advancing to additional
elements of the rows and columns. The
investment of an incremental structure
yields benefits in the form of reduced
EM analysis time and improved correla-
tion between expected and achievable
performance—not to mention reducing
the inherent anticipatory stress during
simulation execution time.

The discussion related to microstrip
antenna feed has been limited to that
of the direct feed at the conductor edge,
which results in limited operational
bandwidth. The operational bandwidth
of microstrip antennas can be signifi-
cantly increased by implementing an
aperture coupling below the microstrip

[
| Errrey] =
— = = . -
b. Conductor Current Distribution
a. 1-x-5 Linear Array with Amplitude Taper
. ) _y 'p o The conductor current distribution illustrates amplitude taper and
During a sequence of simulations, the width of each element was near O-degrees phase progression. The slight difference in the
adjusted to reduce the sidelobe levels to acceptable limits; in this excitation phase contributes asymmetry to the radiation pattern.
case, -20 dB.
Azimuth and Elevation Patterns Input Impedance
c. 1-x-5 Array Radiation Patterns d. 1-x-5 Array Input Impedance
The azimuth and elevation radiation patterns exhibit a perceptible The input impedance at 5.8 GHz is 50 Q. The slight tail on the fifth
asymmetry due to minor unequal phase excitation. Ideally, the on- element of the array provided a convenient adjustment and is at
boresight gain would be 14 dB. However, conductor losses have times used to improve the input impedance without a significant
modestly reduced the gain to 13.7 dB. impact to the radiation patterns.
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Microstrip Antennas

element. The improved performance is
accompanied by the added complexity
and cost of a dielectric and conductor
layer below the radiating elements.

APPENDIX A
PCAAD 7.0 is a Windows—compat-
ible antenna analysis, modeling, and

design software package. It contains
more than 50 routines treating wire
antennas, aperture antennas, microstrip
antennas, arrays, transmission lines,
and waveguides. These routines are
integrated into a menu-driven, user-
friendly system that facilitates rapid
analysis and performance evaluation

of a wide variety of antenna types.
PCAAD 7.0 includes a 120-page print-
ed user manual that describes the use
of the software, provides examples for
each of the routines, and lists technical
references.? The PCAAD data output
offers an excellent starting point for
subsequent EM analysis.

(Continued on page 56)

Table 2: 4-x-5 Element Linear Array with Azimuth Amplitude Taper
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a. 4-x-5 Linear Array with Azimuth Amplitude Taper

Each row of the array is fed from the output of an equal amplitude
power divider. As a result, each of the 1-x-5 composite arrays has an
equal distribution in elevation.

b. Conductor Current Distribution

The conductor current discloses near zero phase excitation. Note
the slight advance of the phase excitation at the first element. The
non-zero phase excitation contributes to pattern asymmetry.

Azimuith and Elevation Patterns
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c. 4-x-5 Array Radiation Patterns

The lower sidelobe levels of the azimuth pattern (red) disclose the
amplitude taper. The asymmetry of the azimuth pattern reflects the
minor, non-zero phase excitation as evident from the conductor
current. The expected gain increase of 6.0 dB over the 1-x-5 array is
not realized due to power divider and conductor losses.

Input Impedance

d. 4-x-5 Array Input Impedance

The 4-%-5 array input impedance appears well matched; the result
of optimization of the 1-x-5 prior to elevation expansion of the
array. The bandwidth of the matched impedance may be improved
by adjusting the center frequency impedance point to the right in
the 1-x-5 array. The input impedance at the band edges is
improved with only a slight degradation to the center frequency
impedance.
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Difference Between
JACK BROWNE | Technical Contributor

Dealing with Differences in
RF Semiconductors

The characteristics of different substrates and device architectures make it possible
to reach many speeds and frequencies with modern semiconductor devices and their

packages.

electing semiconductors

for RF/microwave appli-

cations involves choosing

from among a large array
of devices fabricated on different sub-
strates. As the industry hopes to com-
bat the ever-increasing congestion of
lower-frequency spectrum with signal
bandwidths reaching into the milli-
meter-wave (mmWave) range, semi-
conductor materials and devices will
be pushed into new regions to achieve
more gain and power at higher fre-
quencies.

Bipolar junction transistors (BJTs)
fabricated on silicon (Si) substrate
wafers—the oldest transistors used in
microwave circuits—are still used in
both low- and high-power applications.
Si bipolar transistors are simple devices
that can operate with a single positive
voltage supply but provide reasonable
gain through RF and lower microwave
frequencies.

As with many other high-frequency
transistor configurations, BJTs consist
of several semiconductor diode junc-
tions, fabricated from layers of p-type
and n-type semiconductor materials.
The p and the n refer to “positive” and
“negative” and denote whether a mate-
rial has an excess of holes or electrons,
respectively. They also indicate how the
current will flow in a semiconductor
device formed of the materials.

GO TO MWRF.COM

1. This hermetic package holds a high-pow-

er, +50-V dc Si bipolar transistor capable
of 350 W pulsed output power from 1025 to
1150 MHz for Mode-S aviation radar trans-
mitters. (Courtesy of MACOM)

A BJT has three terminals—the base,
collector, and emitter—with the voltage
between two of the terminals, such as
the base and the emitter, serving to con-
trol the flow of current from the other
terminal, such as the emitter. The input
current to a Si BJT controls the flow of
output current. Si BJTs can be fabricated
as pnp devices, with an n-type semicon-
ductor layer between two p-type layers,
or as npn devices, with a p-type semi-
conductor layer between two high-elec-
tron-content n-type layers.

Si has been a long-running starting
point for many different types of high-
frequency transistors, including the Si
metal-oxide semiconductor field-effect
transistor (MOSFET) and Si laterally

diffused MOS (LDMOS) transistors.
In a Si MOSFET, the three terminals
are called the gate, source, and drain.
Whereas the gain of a BJT does not fluc-
tuate with bias voltage, the gain of a Si
FET can vary with changes in input volt-
age, which typically results in Si BJTs
providing better linearity than Si FETs
for a given set of operating conditions.

While major suppliers have supported
the different types of FETs based on Si
substrates, alternative substrate materi-
als, such as silicon carbide (SiC), are also
used to fabricate MOSFET devices with
the goal of achieving higher-power-
handling capabilities. Cree Inc. and its
Wolfspeed (www.wolfspeed.com) power
and RF division have developed prod-
uct lines of high-power, high-voltage
MOSFET devices on SiC according to
the various benefits of the semiconduc-
tor material: high breakdown voltage,
higher thermal conductivity than Si, and
wider bandgap (for higher voltage and
higher power) than Si MOSFETs.

The usable gain of Si-based semi-
conductors, whether BJTs or FETs, is
usually defined by a device’s transition
frequency (fy), the point at which the
gain drops to unity. For usable gain in a
practical amplifier, the high-frequency
limit will be considerably less than fr,
though. Still, fy is a device performance
parameter that can be useful when sort-
ing through different discrete or even IC
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hile major suppliers have supported the different types of

FETs based on Si substrates, alternative substrate materials,
such as silicon carbide (SiC), are also used to fabricate MOSFET devices
with the goal of achieving higher-power-handling capabilities.

devices when seeking semiconductors
for high-frequency amplifiers and other
applications.

Si-based transistors with fr’s of 20
GHz or higher are not unusual, although
a circuit with such a device at that fre-
quency will function more as a conduc-
tor than an amplifier due to unity gain.
The actual upper-frequency limit for a
practical power amplifier (PA) or low-
noise amplifier (LNA) with a 20-GHz
fr might be more like one-tenth of that
frequency, or about 2 GHz where there’s
still usable gain.

COMPOUND SEMICONDUCTORS

Since the gain of Si BJTs and differ-
ent types of MOSFETs drops at higher
frequencies, over time semiconductor
device developers have looked to other
substrate materials, notably those with
higher electron mobilities to support
higher-speed, higher-frequency devices.
Compound semiconducting materials
having covalent bonds with eight elec-
trons consist of materials with three and
five valance electrons. For example, gal-
lium with three valance electrons and
arsenic with five valence electrons forms
gallium arsenide (GaAs), or gallium and
nitrogen (with five valence electrons)
forms gallium nitride (GaN).

The high electron mobilities of these
semiconductor materials has enabled
the fabrication of high-power transistors
into the microwave and mmWave fre-
quency ranges. It’s also opened the door
to small-signal, low-noise transistors
well into the mmWave frequency range,
to about 150 GHz, for low-noise satel-
lite receivers and other communications
radio applications.

GaAs and GaN III-V compound
semiconductor materials, as they are
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known, are typically combined with
other compound materials, such as
SiC and aluminum-GaAs (AlGaAs), to
improve thermal management of the
heat produced by the inefficiencies of
different transistor and amplifier archi-
tectures (see p. 34). Additional semi-
conductor substrate materials, such as
indium phosphide (InP) and silicon
germanium (SiGe), have also been
used in attempts to fabricate transis-
tors capable of gain at extremely high
mmWave frequencies.

Metal-epitaxial-semiconductor field-
effect transistors (MESFETS) fabricated
on GaAs semiconductor wafers have for
decades served both large-signal and
small-signal (low-noise) markets in
commercial and military applications
through microwave frequencies, in both
discrete-transistor and monolithic-
microwave-integrated-circuit (MMIC)
forms. More recently, high-electron-
mobility transistors (HEMTs) fabricated
on GaN base materials, often with SiC or
AlGaAs, have shown some of the capa-
bilities of high-power-density substrate
materials like GaN and SiC in the cre-
ation of power transistors at microwave
frequencies.

SURVEYING EXAMPLES

What kinds of RF/microwave power
levels are available from commercial
discrete transistors fabricated on the
different semiconductor materials and
using different device architectures? The
simplest answers are that silicon-based
devices are capable of very high output
power levels but at lower frequencies,
while GaAs and GaN transistors may
be limited in output power compared to
silicon transistors but are usable at much
higher frequencies.

Various transistor architectures have
evolved over time in attempts to opti-
mize the different semiconductor mate-
rials for maximum gain, frequency, and/
or output power, such as heterojunction
bipolar transistors (HBTs), HEMTs, and
LDMOS devices. However, each tran-
sistor is different and offers its own set
of performance levels to evaluate, with
many tradeoffs to consider especially
in terms of gain, output power, and fre-
quency.

Silicon bipolar transistors are still used
for many RF pulsed and CW applica-
tions, largely below 1 GHz, with output-
power capabilities depending on fre-
quency and bandwidth. For example,
the model MRF10350 Si bipolar transis-
tor from MACOM (www.macom.com)
is designed for pulsed PAs, such as in
Mode-S aviation radar transmitters from
1025 to 1150 MHz. The silicon-nitride-
passivated device, which features a gold-
metallized emitter, comes in a hermetic
metal flange package (Fig. 1) to handle
excess heat from high power levels. It’s
rated for 350 W peak output power when
amplifying microsecond-length pulses,
and provides at least 8.5-dB gain with
40% efficiency at +50-V dc bias.

At slightly higher frequencies, the
model AFV141KH enhancement-mode
Si LDMOS transistor from NXP Semi-
conductors (www.nxp.com) targets
pulsed L-band amplification applica-
tions from 1200 to 1400 MHz. It runs on
a+50-V dc supply and provides as much
as 1000 W output power and 16-dB gain
with 300-ps pulses at 12% duty cycle.
The LDMOS transistor is supplied in a
ceramic flange-mount package.

From the same supplier, but with add-
ed integration, the model AFIC31025N
is a Si LDMOS device that can be con-
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sidered a PA; it consists of several tran-
sistor stages with impedance matching
to 50 Q. The output contributions of
individual LDMOS devices are com-
bined to achieve higher output power
levels within a transistor package.

The AFIC31025N operates at S-band
from 2.4 to 3.1 GHz and can be used for
both CW and pulsed signals. It provides
25 W CW output power from 2.4 to 2.5
GHz with 30-dB power gain. At higher
frequencies, it also delivers 25 W out-
put power, from 2.7 to 3.1 GHz, but with
22-dB power gain for 200-ps pulses at
15% duty cycle. It’s designed for maxi-
mum operating voltage of +32 V dc and
is a good fit for S-band civilian, weather,
and maritime radar transmitters. It’s sup-
plied in a plastic flange-mount package.

GaAs power transistors are often
housed as internally matched devices
to optimize output power, such as the
model TIM1314-30L from Toshiba
Corp. (www.toshiba.com). Supplied in a
flange-mount hermetic package, it sup-
plies +45 dBm (32 W) output power at
1-dB compression from 13.75 to 14.50
with 5-dB gain. Designed for +10-V dc
operation, it maintains gain flat flatness
of £0.8 dB or better across its band-
width, with PAE of typically 22%.

Of course, GaAs transistors may more
commonly be found in LNAs, such as
the model MGF4964BL from Mitsubishi
Electric Corp. (www.mitsubishielectric.
com), which isa GaAs HEMT that’s usable
to about 25 GHz. It’s housed in a plastic
Micro-X package since it offers negli-
gible output power. Where it excels is at
the receive side of systems, with a typical
noise figure of a mere 0.65 dB at 20 GHz,
and associated gain of 13.5 dB at 20 GHz.

GOING WITH GaN

Integra Technologies (www.
IntegraTech.com), which offers an
extensive line of Si LDMOS discrete
and integrated devices, has developed
packaged transistors based on GaN-
on-SiC substrates for higher-frequency
operation. One example is the
IGT5259CW25 (Fig. 2), which delivers
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2. Housed in this package is a GaN-on-SiC discrete +36-V dc transistor capable of 25 W CW

output power from 5.2 to 5.9 GHz with 12-dB power gain. (Courtesy of Integra Technologies)

25 W CW output power from 5.2 to 5.9
GHz with 12-dB power gain. It provides
48% typical efficiency when operating
from a +36-V dc supply and within-
package matching to 50 Q. It can also be
used in pulsed applications and provides
50 W output power and 14-dB gain when
handling 1-ms pulses at 15% duty cycle
and 80 W output power and 13-dB gain
with 300-ps pulses at 10% duty cycle.
The company also demonstrates
what GaN-on-SiC transistors can do
at higher frequencies with its model
IGT1112M90, which is rated for 90 W
peak output power from 11 to 12 GHz.
It achieves somewhat lower efficiency
at these higher frequencies, at typically
37%, but still provides 9-dB power gain
for 150-ps pulses at 10% duty cycle.
Curiously, Integra offers both Si
LDMOS and GaN on SiC packaged
transistors for the same frequencies
and operating conditions (same appli-
cations), allowing customers to specify
their technology of choice between two
very similar transistor devices. As Chris
DeMartino explained in last month’s
editorial (Microwaves & RF, January
2019, p. 13), GaN has benefits at higher
frequencies, but when Si, GaN, and even
GaAs devices are compared under simi-
lar conditions and device architectures,
there’s often very little separating the
semiconductor materials.

Both the SiLDMOS model ILT2731M
and the GaN/SiC IGT2731M130
from Integra are designed for pulsed
use from 2.7 to 3.1 GHz. When
characterized with 300-us pulses at
10% duty cycle across that 400-MHz
bandwidth, each device delivers 130
W peak output power, although with
differences in gain and efficiency. The
Si LDMOS device provides 12-dB gain
and 43% PAE when operating from
a 32-V dc supply, while the GaN/SiC
device delivers 15-dB gain with 50%
from a higher-voltage +50-V dc supply.
If anything, for two devices optimized
for the same 2.7-to-3.1-GHz range, the
comparison shows the higher-energy,
higher-frequency potential of GaN
semiconductor materials.

For those interested in the lat-
est developments in wide-bandgap
semiconductor technology, the Power
Sources Manufacturers Association
(PSMA) Semiconductor Committee is
sponsoring three industry sessions at
APEC 2019 (March 19-21, 2019, Ana-
heim Convention Center). The sessions
explore the rapid emergence of wide-
bandgap semiconductors as a significant
power-conversion technology. The ses-
sions cover switching and high-power
generation for wide-bandgap devices,
including GaN and SiC power semicon-
ductors. T
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Product Feature
JACK BROWNE | Technical Contributor

Waveguide Filters
Sort Millimeter-Wave Signails

These rugged rectangular waveguide filters provide low-loss passbands from 27 to
86 GHz for a growing number of applications at mmWave frequencies.

emand for higher frequencies continues to esca-
late as relatively lower frequencies at RF and
microwave bands become more congested

with countless personal commu-
ications. Responding to that demand,
even long-time suppliers of RF/microwave compo- . —_
nents, such as Mini-Circuits, are reaching higher in
frequency, teaming with outstanding engineering
partners such as Virginia Diodes (www.vadiodes.
com) on a line of waveguide bandpass filters (BPFs)
with sharp cutoff responses for passbands from 27 to 86 GHz.

These are almost “textbook” BPFs, with high stopband
rejection, low passband loss, and abrupt transitions from pass-
bands to stopbands. Millimeter-wave (mmWave) frequencies
are moving quickly from the laboratory to the production line
for such applications as short-range, high-data-rate communi-
cations links, 5G cellular communications, and radar systems
in automotive safety systems. In turn, these filters provide
practical solutions for sorting and separating those mmWave
signals without penalties in amplitude.

Virginia Diodes (Charlottesville, Va.) brings expertise in the
design and development of mmWave- and terahertz-frequen-
cy devices, components, and systems, including mixers, detec-
tors, and frequency multipliers for systems and test equipment.
The company began with strong interests in the use of higher-
frequency electronics for astronomy. In recent years, however,
the growing use of wireless applications has pushed the appli-
cation of electromagnetic (EM) energy onward through the
THz range. And, now, teaming with Mini-Circuits has resulted
in a rugged, practical line of waveguide BPFs that are well-
suited for test, research, and communications systems use.

The WVBP Series of rectangular waveguide BPFs (see
figure) are precision-machined components built to handle
the demands of attach/detach test and communications-
systems applications while contributing minimal distortion.
The devices feature sharply defined passbands (see table) with
low passband loss through 86 GHz.

The 50-Q, RoHS-compliant waveguide filters achieve rapid
transitions from rejection bands to passbands, with impres-
sive loss behavior throughout the series of filters. For exam-
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This precision machined and plated rectangu-
lar waveguide filter is an example of the WVBP
Series of mmWave bandpass filters for pass-
bands from 27 to 86 GHz.

ple, model WVBP-283-WR28+ is the lowest-frequency
waveguide BPF, with a passband of 27.5 to 28.35 GHz,

typical passband insertion loss of 0.5 dB, and typical pass-

band return loss of 18 dB. It blocks unwanted out-of-band

signals by means of typical lower stopband rejection of 65 dB
at 22 GHz and 30 dB at the 27-GHz point, just below the pass-
band. Just above the passband, the upper stopband rejection
rises very quickly, typically 39 dB at 28.85 GHz, and still 31 dB
at the upper stopband measuring point of 38 GHz.

The highest-frequency filter, model WVBP-833-WR-12+,
has a passband of 81 to 86 GHz. Typical passband insertion
loss is 0.5 dB while typical passband return loss is 26 dB. Typi-
cal lower stopband rejection is 90 dB at 60 GHz and 38 dB at
70 GHz, while typical upper stopband rejection is 26 dB at 88
GHz and 49 dB at 90 GHz. In between, several filters are avail-
able for different passbands, such as the model WVBP-383-
WR28+ with a passband of 37 to 40 GHz, the model WVBP-
673-WRI12+with passband of 64 to 71 GHz, and the model
WVBP-783- WR12+ with passband of 76 to 81 GHz.

All of the filters share the characteristics of sharp transi-
tions from passband to stopbands, low passband insertion
loss (typically 0.5 dB and no higher than about 1.0 dB even for
the highest-frequency models), and low passband return loss
(typically 26 dB even for the highest-frequency models).

If anything, Mini-Circuits and Virginia Diodes joining
forces creates a path toward bringing mmWave filtering “to the
masses, whether for installation in systems or use in test set-
ups. The move upward in frequency is all but inevitable, given
the growing consumption of available frequency bands, and
these filters provide the performance at mmWave frequencies
that Mini-Circuits’ customers have come to expect for 50 years
at lower frequencies. [l

MINI-CIRCUITS, P.O. Box 350166, Brooklyn, NY 11235-0003;
(718) 934-4500, www.mini-circuits.com
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Product Trends
JACK BROWNE | Technical Contributor

Switch Drivers

Help Accelerate Transitions

These simple-to-apply, efficient high-speed switch drivers are packaged control units
for a line of integrated PIN diode RF/microwave switch devices.

witch drivers are often
overlooked among the cir-
cuitry in high-speed, high-
frequency circuit boards.
However, they are essential components
for controlling the operation of semi-
conductor devices, such as PIN diodes.
In terms of speed, repeatability, and
reliability, RF/microwave signal switch-
ing depends on durable switch drivers
such as the models MADR-011020 and
MADR-011022 from MACOM Technol-
ogy Solutions Inc. (www.macom.com).

Optimized for use with the company’s
AlGaAs and HMIC PIN diode switches,
these negative-voltage drivers enable
extremely fast switching speeds but with
very simple component layouts for low-
cost switching solutions in both com-
mercial and military applications. The
two driver models support medium-
and low-power switching circuits with
almost negligible propagation delays
and minimal quiescent current.

Each switch driver model is supplied
in a 4- X 4-mm, 16-contact, power quad
flat no-lead (PQFN) package (see figure)
to save space in a circuit with a single-
pole, double-throw (SPDT) switch.
Model MADR-011020 is designed for
medium-power applications, provid-
ing back-bias voltage selection from —20
to =50 V dc. Also, as much as 50 mA
of sinking and sourcing bias current is
available for SPDT PIN diode switches
or integrated-circuit (IC) PIN diode
switches fabricated with the firm’s het-
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erolithic-microwave-integrated-circuit
(HMIC) process.

The switching speed of the MADR-
011020 driver and its associated switch
(propagation delays) is less than 60 ns
when driving a 10-pF capacitive load.
The switching speed is considered as
the “on” time from 50% of the control
signal to 90% of the control voltage, or
the “off” time from 50% of the control
signal to 10% of the control voltage.

The model MADR-011022 switch
driver provides back voltages from —10
to —25 V dc with as much as 25 mA sink-
ing current and 20 mA sourcing cur-
rent for lower-power SPDT AlGaAs PIN
diode and HMIC switches. Both switch
drivers have built-in power sequencers
to eliminate the need for external power
sequencers (and simpler circuit layouts).
The internal power sequencers can be
operated with standard transistor-tran-
sistor-logic (TTL) programmable con-
trol. The switching speed of the MADR-
011022 switch driver and its associated
PIN diode switch is less than 80 ns from
an “on” or “off” control signal to 90% or
10%, respectively, of the control voltage.

Single switch drivers are designed for
use with the firm’s line of HMIC SPDT
PIN diode switches, with complemen-
tary output ports that provide as much
as 25 mA sinking current and 20 mA
sourcing bias current to the switches.
For added flexibility, the drivers have
an extra control pin so that two drivers
can work together in parallel to oper-

A pair of negative-voltage switch drivers
provide fast switching speeds for a line of
SPDT AlGaAs HMIC PIN diode switches.

ate higher-order switch configurations,
such as single-pole, three-throw (SP3T)
and single-pole, four-throw (SP4T)
switches. Compatible AlGaAs HMIC
PIN diode switches are available for fre-
quencies through 26 GHz.

In companion with the firm’s line
of AlIGaAs HMIC PIN diode switches,
these packaged driver devices are very
energy-efficient for use with many dif-
ferent power supplies. The enable pins
on each switch driver can be employed to
realize a simple, “all-oft” switching state
with associated switches. The switch
drivers contribute verylittle energy waste
in 50-Q circuits, with less than 1 mA
quiescent current under typical oper-
ating conditions. The lead-free, RoHS-
compliant switch drivers are designed
for operating temperatures from —40 to
+85°C and are suitable for commercial
and military applications. T

MACOM TECHNOLOGY SOLUTIONS
INC., 100 Chelmsford St., Lowell, MA
01851; (800) 366-2266, (978) 656-2500,
FAX: (978) 656-2804, www.macom.com
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Microstrip Antennas

(Continued from page 50)

judicious approach to the EM simulation of antenna arrays

is represented in the incremental analysis structure,i.e.,
starting with a complete exploration of a single element of the array and
subsequently advancing to additional elements of the rows and columns.

Table 3: 4-x-5 Element Linear Array with Azimuth and Elevation Amplitude Taper

|
| I

|

|
|
RERE

I

a. 4-x-5 Linear Array with Azimuth and Elevation Amplitude Taper

Each row of the array is fed from the output of an unequal
amplitude power divider. As a result, the amplitude has an unequal
distribution in elevation.

b. Conductor Current Distribution
The conductor current discloses near zero phase excitation. Note
the reduced conductor current of the top and bottom rows of the
array.

Azimuth and Elevation Patterns

-8 CBJPPC ETheta(, 1,021 (T]
435 SF_Amay_A SFSAMP

c. 4-x-5 Array Radiation Patterns

The lower sidelobe levels of both patterns reflect the two-
dimensional amplitude taper. The gain is slightly reduced from the
equal power distribution of the previous array. In many
applications, -20 dB sideband levels are acceptable.

Input Impedance

-o- §(1,1)
4 x 5 SF Array A

SapMin
&7GHz

d. 4-x-5 Array Input Impedance

The 4-x-5 array input impedance appears well matched; the result
of optimization of the 1-x-5 array prior to elevation expansion of
the array. The bandwidth of the matched impedance may be
improved by adjusting the center frequency impedance point to the
right in the 1-x-5 array. The input impedance at the band edges is
improved with only a slight degradation to the center frequency
impedance.
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Microstrip Antennas

[ Antenna F
Patch length {fem) .. _...... 1510 Patch width {cm) . ........ I|m
Substrate thickness (cm) . . 0.1575 Dielectric constant_ . ... .. |255 ] | |
Dielectric loss tangent . . . . . III.MH Feed ine width (em) ... .. In_.'.ﬂz I
Pattern type: [Rectanguiar, E/7; Step=1.00 | _select_|
Center frequency (GHz) ... [53 |
Frequency step (GHz) ... fooas
HNumber of frequencies . |? |
[ cy Input efohms) | Bandwidth........... 3T% |
5.725 169.6 43  85.3 Efficiency ... ... |
5.750  192.0 +3  63.7 .
5,975 208.5 43 35.5 @8 | 3. The portion on the left shows rectangular
5.800  214.5 -5 2.4 | microstrip antenna data entry and calcula-
5.825  208.1 -3 38.2
5.850  191.3 -j  68.1 tion, while the resonant impedance of 215
5.875  168.8 -3  89.3
Q at 5.8 GHz is noted on the portion on the
right.
Figure 3 gives details of the rectan- APPENDIX B

gular microstrip antenna using a trans-
mission-line feed. Note that the input
impedance calculation is 215 Q versus
the calculation of 228 Q) based on the
previous equation from Part 1. [l

REFERENCES

1. The series-fed array is also referred to as a travel-
ing-wave antenna.

2. Additional information is available at the Antenna
Design Associate website: http.//antennadesignas-
sociates.com/pcaad7.htm.
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PTC Mathcad is an engineering math
software program that enables computation
and analysis using simplified data and
formula entry. Additional information may
be accessed at https://www.ptc.com/en/
products/mathcad.
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- 1, calculate the line width: (Balanis and Bancroft)

- 2. calculate the effective dielectric constant:

- 3. calculate the length extension:

- 4. calculate the length:
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- 5a. calculate the radiation conductance of single slot: (Balanis)
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- 5b. calculate the mutual conductance of the radiating slots:
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- 5¢. calculate the resonant input :

- 6. calculate the gtr-wave transformer impedance:
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- 10. calculate the directivity:
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— the directivity of a two-slot amay:
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Q&A

CHRIS DeMARTINO | Technical Engineering Editor

Pushing
Process
Equipment
Forward

In this Q&A, Dr. Ajit Paranjpe, chief technology officer at Veeco Instruments, discusses
topics ranging from gallium-nitride technology to advanced packaging.

an you tell us a little about
Veeco?
Veeco designs and
manufactures materi-
als‘engineering and thin-film process
equipment for high-tech electronic-
device production and development
worldwide. Since our IPO in 1994, we
have delivered innovative metal-organic
chemical vapor deposition (MOCVD),
molecular beam epitaxy (MBE), atom-
ic layer deposition (ALD), advanced
packaging lithography, laser annealing,
3D inspection, ion beam, solvent etch/
clean, and related technologies to our
valued customers.

What markets are being enabled by
the company?

Veeco’s innovations are used in the
development of advanced compound
semiconductor products for solid-state
lighting/displays (e.g., micro LED) as
well as power/RF (e.g., HEMTs for 5G);
photonics for 3D sensing (e.g., VCSEL,
LiDAR, and augmented reality) and
data communications (e.g., Big Data and
autonomous vehicles); and advanced
semiconductor devices for logic and
memory applications (e.g., Al and IoT).

GO TO MWRF.COM

Can you explain what Veeco is doing
in terms of GaN-on-Si development?

Recent industry efforts to effective-
ly grow gallium-nitride (GaN) layers
on silicon substrates (GaN-on-Si) are
finally paying off. However, there are
some gaps to be aware of, including the
cost of epitaxy and downstream device
processing and packaging. Other issues
include charge trapping and current col-
lapse, which are being actively resolved
to meet reliability targets.

To make significant inroads into
GaN Power and RF applications, next-
generation production systems using
Si substrates need to be adaptable to
a wider process window and offer the
highest throughput combined with the
lowest cost of ownership. These known
gaps imply stringent requirements on
epi quality.

Veeco is at the forefront of GaN-on-Si
development in collaboration with lead-
ing device companies and research insti-
tutes. First, the epitaxy layers, which often
include superlattices, must be deposited
with excellent thickness and composition
uniformity across the wafer. Customers
also demand accurate dopant control with
sharp interfaces to optimize the device

properties. There can be zero memory
defects to effectively incorporate dopants
such as Mg and Fe in specific layers.

Veeco is helping customers solve
tough challenges of transistor perfor-
mance, RF loss, harmonic distortion,
and device reliability by leveraging its
single-wafer TurboDisc technology that
provides industry-leading dopant con-
trol and compositional uniformity while
reducing the epitaxial growth cost-per-
wafer. This is achieved by leveraging
the Propel MOCVD system’s superior
film-deposition control for high-quality
buffer growth and its capability to incor-
porate such dopants.

What do you think the future holds
for GaN technology?

GaN’s advantages enable high-cur-
rent density and fast switching with low
on-resistance, enabling smaller foot-
print devices with high temperature
operation and the lowest conduction
and switching loss. As mentioned ear-
lier, while this brings significant oppor-
tunities and advantages to compound
semiconductor manufacturers, the form
factor and power gains come with asso-
ciated challenges.
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GaN industry forecasts have been
pushed out over the last few years
because of integration and reliability
issues. Traditional players continue to
hedge their bets by investing in sili-
con carbide (SiC). But incumbents, as
well as innovative market entrants, are
increasingly investing in GaN. The need
for high efficiency, high frequency, and
small form factors bode extremely well
for GaN moving forward.

According to Yole, in the power IC
segment, the market is expected to
grow at 82% CAGR, from $18 million
in 2017 to $445 million in 2022. While
most devices are still concentrated in the
low-voltage category (<200 V), many
customers have qualified mid-voltage
(600/650/700 V) devices for power sup-
plies in data centers and EV/HEV con-
verter applications.

In RF, the ambitious scope of 5G
promises to transform cellular commu-
nications, creating new opportunities for

wireless carriers and service providers.
Such a high-speed network is currently
being planned with a vision of >10-Gb/s
transmission speeds for mobile broad-
band (phones/tablets/laptops) and ultra-
fast, low-latency performance for IoT
applications (V2X communications).

GaN is slowly replacing silicon in
specific wireless applications (e.g., RF
power amplifier front ends of 4G/LTE
base stations), and next-generation 5G
deployment will involve additional use
of GaN technology. Before 5G, there
was increased use of GaN-on-SiC in
the macro cell. 5G will bring in GaN-
on-Si to rival GaN-on-SiC designs with
inroads into the small-cell space (micro
and metro cells) before potentially over-
lapping into femtocell/home routers and
handsets.

Tell us about the company’s advanced
packaging technology.
Veeco’s advanced packaging portfo-

lio includes the flagship AP300 lithog-
raphy stepper built on the company’s
customizable Unity Platform, delivering
superior overlay, resolution, and side-
wall profile performance and ability
to process bowed/warped wafers. This
combination enables highly automated,
cost-effective manufacturing valued
by foundries and outsourced assembly
and test (OSAT) providers in advanced
logic/memory packaging applications
such as fan-in wafer-level packaging
(FIWLP), fan-out WLP (FOWLP),
through-silicon via, silicon interposer,
and copper (Cu) pillar bumping.

In terms of AP outlook, 5G imple-
mentation is expected to begin driv-
ing production ramps in the Q3 2019
timeframe. Server/cloud industry Big
Data, AI, and edge-computing demands
will require more processing power
and higher bandwidth memory, driv-
ing demand for silicon interposer and
fanout on substrate solutions. T
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New Products

Broadband 10-dB Coupler Connects
6 to 18 GHz

THE EDC10-183+ FROM Mini-Circuits is a
miniature directional coupler with frequency
range of 6 to 18 GHz. It maintains 10-dB
coupling with typical coupling flatness of +0.7 dB across the frequency range, with directivity of typically 16 dB from

6to 10 GHz and 18 dB from 16 to 18 GHz.The GaAs-based, 50-Q coupler cuts mainline insertion loss to typically only

1.0 dB from 6 to 10 GHz, 1.3 dB from 10 to 14 GHz, 1.4 dB from 14 to 16 GHz, and 1.5 dB from 16 fo 18 GHz. It features
excellent return loss at all three ports, 22 dB or better from 6 o 10 GHz. The RoHS-compliant directional coupler provides
a quadrature phase shift between through and coupled signal paths. It's housed in a 24-lead, 4- x 4-mmm surface-mount
package and designed for operating femperatures from -40 to +85°C.

MINI-CIRCUITS, P.O. Box 350166, Brooklyn, NY 11235-0003; (718) 934-4500, https://www.minicircuits.com/WebStore/
dashboard.html?model=EDC10-183%2B

DC-Pass Coupler Directs 6 to 40 GHz

MINI-CIRCUITS MODEL ZCDC10-K0644+ is a dc-pass 10-dB
directional coupler with coupling flatness of typically +0.4 dB
across a wide frequency range of 6 fo 40 GHz. Suitable for test-
and-measurement and power-monitoring applications, the RoHS-
compliant, 50-Q coupler handles input power levels to 17 W with
low mainline insertion loss of typically 0.8 dB from 6 fo 18 GHz
and 1.2 dB or less from 18 to 40 GHz.The directivity is typically 26
dB from 6 to 18 GHz and typically better than 20 dB from 18 fo
40 GHz. Input and output port return losses are typically 29 dB
from 6 to 18 GHz and typically 24 dB or better from 18 to 40 GHz,
while coupled-port return loss is typically 26 dB from 6 to 18 GHz and 21 dB or better from 18 to 40 GHz.The coupler is
1.25 x 0.63 x 0.50 in. (31.75 x 16.0 x 12.7 mm) without measuring the connectors and can be supplied with female SMA
or female 2.92-mm coaxial connectors. It's designed for operating temperatures from -55 fo +100°C and can pass as
much as 0.6 A current from input to output.

MINI-CIRCUITS, P.O. Box 350166, Brooklyn, NY 11235-0003; (718) 934-4500, https://www.minicircuits.com/WelbStore/
dashboard.html?model=2CDC10-K0644%2B

InGaP HBT Amplifier Boosts 0.01 to 9.0 GHz

MINI-CIRCUITS MODEL GVA-93+ is an extremely wideband InGaP
heterojunction-bipolartransistor (HBT) monolithic amplifier with

flat gain from 0.01 fo 9.00 GHz. It offers typical gain of 16.9 dB at

2 GHz, 16.4 dB at 6 GHz, and 16.3 dB at 8 GHz while maintaining
gain flatness of typically +0.7 dB from 0.05 to 8.00 GHz.The amplifier
delivers typical output power at 1-dB compression of +16.2 dBm

at 2 GHz and +10.3 dBm at 8 GHz, with typical output third-order
infercept point (IP3) of +29.9 dBm at 2 GHz and +21.8 dBm at 8
GHz.The noise figure is typically 4.0 dB at 2 GHz and 4.9 at 8.0 GHz. \‘ J
The RoHS-compliant, 50-Q MMIC amplifier features good input and
output return loss without need of additional matching components.
Designed for operating temperatures from -40 fo +85°C and
supplied in a SOT-89 package, it's a good fit for cellular, LTE, and
WIMAX applications.

MINI-CIRCUITS, P.O. Box 350166, Brooklyn, NY 11235-0003; (718) 934-4500, https://www.minicircuits.com/WebStore/
dashboard.html?model=GVA-93%2B
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New Products

GaN Amplifier Powers X-Band Radar Systems

MODEL BMPC9X89X8-8000 IS a modular, high-power amplifier capable
of 8-kW peak output power and 69-dB gain for 500-MHz instantaneous
bandwidths from 9.0 fo 9.9 GHz. Designed for X-band radar systems at
pulse widths from 0.25 to 100.00 ps, the Class AB power amplifier is based
on GaN solid-state technology and exhibits input and output VSWRs of
less than 1.50:1. Its typical noise output (with RF off) is =170 dBm/Hz while
the phase noise is -60 dBc/Hz offset 100 Hz from the carrier. Harmonics
are -60 dBc or better. Designed for 115V ac input power, the amplifier
meets the applicable requirements of MIL-STD-810F for shock and
vibration. It's equipped with an RJ-45 Ethernet control interface, female
SMA input connectors, and WR-112 or WR-90 rectangular waveguide
outfput ports.The amplifier measures 19 x 12.25 x 24 in. and weighs 90 Ibs.

COMTECH PST, 105 Baylis Rd., Melville, NY 11747; (631) 777-8900, FAX: (631) 777-8877; www.comtechpst.com

Low-PIM Cables Include Wide Range of Connectors
A LINE OF COAXIAL CABLE assembilies in standard and custom lengths features a wide range of
straight and right-angle connectors. Available with same-day delivery, the cable assembilies are
noteworthy for their low passive-infermodulation (PIM) levels of better than —160 dBc.They
are well-suited for such applications and test systems and distributed antenna systems
(DAS).The cable assemblies are fabricated with lightweight, fiexible UL910 plenum-rated
SPP-250-LLPL RF coaxial cable that can operate in temperatures from -55 fo +125°C, and a
variety of connectors, including 4.3-10, 7/16 DIN, 4.1/9.5 mini-DIN, Type-N, and right-angle
connectors.The cable assemblies are 100% tested, with test results marked on the cables.
PASTERNACK ENTERPRISES, 17792 Fitch, Irvine, CA 92614; (978) 682-6936,

(949) 261-1920, www.pasternack.com

Software Enhances System Design Efforts
THE LATEST RELEASE of the MapleMBSE software

is meant fo be a boost to system engineers
everywhere, with its easy-to-see format and
accessibility at all levels and locations. This

latest release of MapleMBSE, 2019.0, improves

the workflow by simplifying the system design
process.The software uses a model-based system
engineering (MBSE) approach and a streamlined
Excel-based interface for ease of use with reduced
design time and errors. It includes support for the
Systems Modeling Language (SysML). This new
release further reduces the fime and effort required
to define the requirements and the relationships
between them, analyze the impact of changes,
and improve the design. By connecting MapleMBSE to Teamwork Cloud, a model-management system, it's possible
to access models created in several different tools, including MagicDraw, and Cameo Systems Modeler. MapleMBSE
can also be infegrated directly with other SysML-based tools, such as IBM Rational Rhapsody.The new software is
one of many Maplesoft products and services used in machine design, robotics, aerospace, automotive, industrial
automation, and many other fields.

MAPLESOFT, A SUBSIDIARY OF CYBERNET SYSTEMS GROUP, 615 Kumpf Dr., Waterloo, Ontario, Canada, N2V 1K8;
(800) 267-6583, www.maplesoft.com
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Faraday Isolators Cover 18 to 220 GHz

THE STF SERIES Faraday isolators cover the frequency range of 18 to 220 GHz in 11 waveguide bands with 22 standard
models.They are constructed with a longitudinal magnetized ferrite rod to provide Faraday rotation and high isolation,
about 28 fo 30 dB.The Faraday isolators often offer wider frequency coverage than standard waveguide bands, with low
insertion phase variations across each entire waveguide band.They are well-suited for broadband applications, such as
in research and fest laboratories. In addition to standard models, alternative models are available with built-in twist for
flexibility where orthogonal input/output orientations are required.

SAGE MILLIMETER INC., 3043 Kashiwa St., Torrance, CA 90505; (424) 757-0168, FAX: (424) 757-0188,
www.sagemillimeter.com

BLE Module Integrates ARM Cortex Processor
THE ISP1507-AL IS a Bluetooth Low Energy (BLE) module
system-in-package (SiP) design from Insight SiP based
on a multiprotocol system-on-chip (SoC) device from
Nordic Semiconductor.The BLE module features an
Arm Cortex-M4 floating-point processor and antenna-
in-package (AiP) architecture for a highly integrated
BLE solution in an extremely compact housing. With the
capability fo manage 13 input/output (1/0) ports, it's a

iry

good fit for mesh relay nodes and price-sensitive Internet Hongas, ;{
of Things (loT) applications.The device measures just
8 x 8 x T mm and houses 192-kB flash memory, 24-kB
random-access memory (RAM), and two integrated clock crystals (32 kHz and 32 MHz).

AVAILABLE FROM DISTRIBUTOR: RUTRONIK INC., Parkway Centre, 2745 N. Dallas Pkwy., Plano, TX 75093; (469) 782-
0900, FAX: (469) 782-0930, www.rutronik.com

Cable Assemblies Boast Lot Traceability

THESE COAXIAL MIL-DTL-17 military-grade RF/microwave
cable assemblies are provided with lot fraceability and
test reports for military electronics applications in avionics,
electronic countermeasures (ECM), and electronic-warfare
(EW) systems.The commercial-off-the-shelf (COTS) cable
assembilies feature low VSWR (as low as 1.30:1) from dc

to 12.4 GHz and are constructed with MIL-C-17 qualified
cable, MIL-PRF-39012 qualified connectors, J-STD soldering,
and AS23053 heat shrink.The cable assemblies, which can
be made with as many as six different cable types in 124
different configurations for more than 1200 part numbers, are
100% tested and supplied with test data.They are available
for immediately delivery with no minimum order quantity.
FAIRVIEW MICROWAVE, 17792 Fitch, Irvine, CA 92614; (800) 715-4396, (978) 682-6936, www.fairviewmicrowave.com

GO TO MWRF.COM 63


http://www.sagemillimeter.com
http://www.rutronik.com
http://www.fairviewmicrowave.com
http://mwrf.com

InfoCenter

ADVERTISER PAGE | ADVERTISER PAGE
A M
ARRAIINC. ... Cc3 MINI-CIRCUITS/SCI COMPONENTS........... 12,14-15,21,25,30-31,41,49,57
www.arra.com www.minicircuits.com
AVTECH ELECTROSYSTEMS LTD. ...........oovmiemiiiiiiiieei 6 N
www.aviechpulse.com | NI MICROWAVE COMPONENTS ... ... 40
C www.ni-microwavecomponents.com/quicksyn
CIAOWIRELESS INC .......ooiiiiiiiiiiiieeee e 17
P
www.ciaowireless.com
PASTERNACK ENTERPRISES.................ooovooeieiiiii L 22,23
COILCRAFT ...t 4
www.pasternack.com
www.coilcraft.com
POLYFETRFDEVICES ...........oovvvieeeeeeeeeeee L 39
D
www.polyfet.com
DBM CORP ... 7
PULSAR MICROWAVE CORP............ccooiiiiiieaiiiiiieeeeeeee e 20
www.dbmcorp.com
www.pulsarmicrowave.com
F
FAIRVIEW MICROWAVE ..ot 26 R
www. Fairviewmicrowave.com | ROHDE & SCHWARZ, GMBH & COKG ..............cccoovvvvmrrrerrrern 1
FORMFACTOR ...ttt Cc2 www.rohde-schwarz.com/product/ZNA
www.formfactor.com/go/labtofab S
H SYNERGY MICROWAVE ...ttt 3
HEROTEK INC .......c..ooo oo 13 Www.synergymwave.com
www. herotek.com T
1 TDK ELECTRONICS INC/FORMERLY EPCOSINC..............cccoeveeiieeen. C4
IRONWOOD ELECTRONICS INC ...........ooviiiiiiiiiieeeeeeeeeeen 39
https://product.tdk.com/en/ict
www.ironwoodelectronics.com
w
K
WAMICON ... 1
KOAXISINC ... 33
www.wamicon.org
www.koaxis.com
WAVELINE INC ..o 16
M
. lineinc.
M/A COM TECHNOLOGY SOLUTIONS, INC ..........ooorrsrec 8-9 Y wavelneme.com
www.macom.com/CR
MICRO LAMBDA WIRELESS, INC ...........cooiiiiiiiieiiiiiiieeeeeieeeeee 2

www.microlambdawireless.com

Subscription Assistance and Information:

(ISSN 0745-2993)

Microwaves & RF is published monthly. Microwaves & RF is sent free to
individuals actively engaged in high-frequency electronics engineering.

In addition, paid subscriptions are available. Subscription rates for U.S.

are $95 for 1 year ($120 in Canada, $150 for International). Published by
Informa Media Inc., 9800 Metcalf Ave., Overland Park, KS 66212-2216.
Periodicals Postage Paid at Kansas City, MO and additional mailing offices.
POSTMASTER: Send change of address to Microwaves & RF PO Box
2100, Skokie, IL 60076-7800. For paid subscription information, please
contact Microwaves & RF at PO Box 2100, Skokie IL 60076-7800. Canada
Post Publications Mail agreement No. 40612608. Canada return address:
IMEX Global Solutions PO Box 25542, London ON N6C 6B2.

64

This index is provided as an additional service by the publisher, who
assumes no responsibility for errors or omissions.

Back issues of MicroWaves and Microwaves & RF are available on microfilm
and can be purchased from National Archive Publishing Company (NAPC).
For more information, call NAPC at 734-302-6500 or 800-420-NAPC (6272)
x 6578. Copying: Permission is granted to users registered with the Copyright
Clearance Center, Inc. (CCC) to photocopy any article, with the exception of
those for which separate copyright ownership is indicated on the first page of
thearticle, provided that abase fee of $1.25 per copy of the article plus 60 cents
per page is paid directly to the CCC, 222 Rosewood Dr., Danvers, MA 01923.
(Code 0745-2993/02 $1.25 +.60) Copying done for other than personal or
internal reference use without the expressed permission of Informa
Media Inc., is prohibited. Requests for special permission or bulk
orders should be addressed in writing to the publisher.

Copyright 2019 e Informa Media Inc. e All rights reserved. Printed in the U.S.

FEBRUARY 2019 MICROWAVES & RF


http://www.minicircuits.com
http://www.ni-microwavecomponents.com/quicksyn
http://www.pasternack.com
http://www.polyfet.com
http://www.pulsarmicrowave.com
http://www.rohde-schwarz.com/product/ZNA
http://www.synergymwave.com
https://product.tdk.com/en/ict
http://www.wamicon.org
http://www.wavelineinc.com
http://www.arra.com
http://www.avtechpulse.com
http://www.ciaowireless.com
http://www.coilcraft.com
http://www.dbmcorp.com
http://www.fairviewmicrowave.com
http://www.formfactor.com/go/labtofab
http://www.herotek.com
http://www.ironwoodelectronics.com
http://www.koaxis.com
http://www.macom.com/CR
http://www.microlambdawireless.com

| \ assortment of

-

— "'M“‘"\g 2 For your “sweet tooth”, . .
: % “Miniature
. v Variable Attenuators

Bands from || ) C -1 8GHZ

Some models feature:
- =l v Extremely flat
attenuation vs.
frequency response

v Constant phase
¥ with /\ attenuation.
The ultimate in
reliability, and
wear-free performance
...achieved with ARRA’s
non-contacting method
of attenuating.
Most units incorporate
ARRA’s proprietary
attenuating elements which give
excellent stability over a wide
~ tem perature range.
Customerized to your requirements,
Contact us at 631-231-8400 or sales@arra.com.

... the last word in variable attenuators
—A RRA INC. —I

" 15 Harold Court, Bay Shore, N.Y. 11706 * 631-231-8400

Visit our website at www.arra.com


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

!i‘ff

Attracting Tomorrow &TDI(

DK Technology L|nk1ng the world

Thin-film and multilayer MEMS micro-phones
RF chip components and motion sensors
in compact size with very high SNR

PiezoHapt™ piezo actuators Optical image
with haptic feedback stabilizers for enhanced
in ultra-thin design image quality

product.tdk.com/en/ict


https://product.tdk.com/en/ict?utm_source=microwavejournal&utm_medium=banner&utm_campaign=

