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Editorial
DAVID MALINIAK | Editor

dmaliniak@endeavorb2b.com

5G Phones Arrive,
But Has the Network?

You can buy a 5G phone right now. However, can you get
real 5G performance? Maybe... or maybe not.

verybody loves new gad-
gets, especially those of us
with a geeky, techy predis-
position (and because you're
reading this, I'll naturally assume that
includes you). We've been hearing for

years already about the new generation
of wireless technology that’s going to change all our lives for the better. This publica-
tion, along with many others, has done more than its share of oohing and aahing
over what 5G can and hopefully will do (see this issue’s cover story, for example).
And it’s not all hype either—we believe in the dream and the microwave/RF engi-
neering community’s resolve to make it happen.

Tantalizingly, some real, live 5G-capable handsets have arrived in the form of
devices like Apple’s iPhone 12/12 Pro, Samsung’s various Galaxy products, the One-
Plus 8 Pro, and Google’s Pixel 5. Now, my current smartphone is a couple of years
(and product generations) old. It still looks and works like new, the battery is in good
shape, and it shows no sign of failing me or even slowing down anytime soon.

So, with a new generation of technology in the offing and begging to be stuffed
in my pocket, I begin pondering the notion “should I, or shouldn’t I?” What can
one expect from a shiny new 5G phone? Can it really teleport me onto the U.S.S.
Enterprise like Captain Picard? Or, will I end up wondering why I was in such a
hurry to hand over as much as $1,999 for the 5G version of Samsung’s Galaxy Z
Fold 2?

Well, it depends. The major U.S. carriers (AT&T, T-Mobile, and Verizon) all tout
nationwide 5G coverage. But as we all know, their networks are still in the process of
being built out. And, in most of that “nationwide coverage,” what were talking about
is the low-band flavor of 5G, which isn't much better than 4G LTE—maybe 20%
faster data rates. While the carriers attempt to mollify you with that sort of coverage,
they continue to proliferate mid-band 5G in large markets. That’s a little more like it,
but it’s certainly not the life-changing experience we've been promised.

Now, millimeter-wave 5G? THATs a life-changing experience. But to have it, you
must bring your 5G phone to a city like New York, Chicago, or San Francisco. And
then, you’ll have to stand on just the right street corner to find that signal. Verizon,
the current leader of the pack, has what it’s calling 5G Ultra Wideband fired up in 55
markets across the country. It's probably not coming to my neighborhood anytime
soon, and perhaps not yours either.

What it boils down to is this: 5G is very new; it’s a costly and lengthy process for
the carriers to get their networks up and running in a given area; and, let’s face it, it’s
still somewhat of a product of marketing. That doesn’t mean it won't eventually give
more of us a chance at that life-changing experience. But it’s a matter of time and
maturation. Me, I think I'll hang onto my good old LTE banger for now and wait
until things mature just a bit more. [
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Magnetic-Field Navigation
as an “Alternative” GPS?

By using measurements of anomalies in the Earth’s magnetic
field and machine learning to extract data from raw signals,
then matching them to accurate magnetic-anomaly maps, it
may be possible to navigate aircraft with reasonable accuracy
independent of GPS.

https://www.mwrf.com/technologies/systems/article/21145895/
magneticfield-navigation-as-an-alternative-gps

Trackig pace Dehr with a
Radar Network

This “Algorithms to Antenna” installment shows how to model
a network of radar systems that looks into space with a goal of
tracking debris orbiting Earth.

https://www.mwrf.com/technologies/systems/article/21145361/

algorithms-to-antenna-tracking-space-debris-with-a-radar-
network

join us online K

twitter.com/MicrowavesRF  facebook.com/microwavesrf
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11 Myths About Cellular
loT Design

Laird Connectivity’s Jonathan Kaye discusses the most
common misconceptions about cellular IoT design—a
growing area of IoT thanks to two new versions of the cellular
standard that enable battery life of up to 10 years for wireless
devices.

https://www.mwrf.com/technologies/systems/
article/21140965/11-myths-about-cellular-iot-design

Rent, Lease, or Bilv
Electronic Test Equipment?
Here’s How to Decide

Evolving technology, certifications, and time are just some of
the points to consider before renting, leasing, or buying that
next piece of equipment.

https://www.mwrf.com/technologies/test-measurement/
article/21141292/rent-lease-or-buy-electronic-test-equipment-
heres-how-to-decide
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OCTAVE BAND LOW NOISE AMPLIFIERS
Model No. Freq 6Hz)  Gain (@8) MIN  Noise Figure (@)  Power-out@p1d8  3rd Order ICP

150 9001:2000
and AS?1008
CERTIFIED

%)
=

VSWR
2110 0.51.0 1.0 MAX, 0.7 TYP +10 MIN +20 dBm 2.0:1
CA12-2110 1.0-2.0 30 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm 2.0:1
CA24-2111 2.04.0 29 1.1 MAX, 0.95TYP  +10 MIN +20 dBm 2.0:1
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm 2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX 1.4 TYP +10 MIN +20 dBm 2.0:1
CA12184111  12.0-18.0 25 1.9 MAX 1.7 TYP +10 MIN +20 dBm 2.0:1
(A1826-2110  18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm 2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4-05 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
(A23-3111 2.2-24 30 0.6 MAX, 0.45TYP  +10 MIN +20 dBm 2.0:1
(A23-3116 2.7-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20 dBm 2.0:1
CA34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20 dBm 2.0:1
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20 dBm 2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20 dBm 2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20 dBm 2.0:1
CA13153110  13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20 dBm 2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm 2.0:1
CA34-6116 3.1-3.5 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm 2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm 2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm 2.0:1
CA1213-7110 12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm 2.0:1
CA14157110  14.0-15.0 30 5.0 MAX 4.0 TYP +30 MIN +40 dBm 2.0:1
(A1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31 dBm 2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq GH»  Gain (d@8) MIN  Noise Figure (d8)  Power-out @ P18 3rd Order [P VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN 0 dBm 2.0:1
CA0106-3111 0.1-6.0 28 1.9 Max, 1.5 TYP +10 MIN +20 dBm 2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20 dBm 2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32 dBm 2.0:1 =
CA02-3112 0.5-2.0 36 45 MAX, 2.5 TYP +30 MIN +40 dBm 2.0:1 —
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20 dBm 2.0:1
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1 —
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33 dBm 2.0:1 =
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1
CA2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20 dBm 2.0:1 =
CA2184110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30 dBm 2.0:1 — —
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm 2.0:1 =
LIMITING AMPLIFIERS
Model No. Freq GHz  Input Dynamic Range  Output Power Range Psat  Power Flatness dB VSWR
(LA24-4001 2.0-4.0 -28 to +10 dBm +7 fo +11 dBm +/-1.5MAX  2.0:] =
(L1A26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-1.5MAX  2.0:1
(lA712-5001 7.0-12.4  -21to+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1 —
(lA618-1201 6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq 64z Gain (d8) MIN  Noise Figure (@8)  Power-out@p18 Gain Attenuation Range VSWR
CA001-25T1TA  0.025-0.150 21 5.0 MAX, 3.5TYP  +1 30 dB MIN 2.0:1
CAQ5-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, T.5TYP  +12 MIN 15dB MIN 1.9:1
CA1315-4110A 13.75-15.4 25  2.2MAX 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A 15.0-18.0 30 30MAX, 20TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq GHz  Gain (d8) MIN  Noise Figure dB  Power-out@p18  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20 dBm 2.0:1
CA001-2211  0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23 dBm 2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33 dBm 2.0:1
CA001-3113  0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0:1 C
(A002-3114  0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30 dBm 2.0:1
CA003-3116  0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35 dBm 2.0:1
(A004-3112  0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25 dBm 2.0:1 1
CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing. :

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

Ciao Wireless, Inc. 4000 Via Pescador, Camarillo, CA 93012
Tel (805) 389-3224  Fax (805) 389-3629 sales@cinowireless.com
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Tiny Bluetooth

Modules Run 10 Years on

SINGLE-CELL BATTERY

Powered by a CR2354 battery, this minuscule Bluetooth SoC can be a standalone
wireless solution or a wireless support device.

ilicon Labs’ BGM220 sys-

tem-on-chip (SoC) packs a

pair of Arm cores to man-

age Bluetooth commu-
nication that spans the standards from
Bluetooth 4.x through 5.2 as well as Blue-
tooth mesh (Fig. 1). It can operate for a
decade using just a single-cell CR2354
battery, providing Bluetooth communi-
cation over that span.

A dedicated Cortex-MO0+ handles
real-time chores and the radios, while a
Cortex-M33 runs the bulk of the Blue-
tooth stack with plenty of headroom for
applications (Fig. 2 on page 10). Thanks
to the modular software configuration,
developers can choose which standards

Application
APl

|
| Security
Manager

‘ GATT
Attribute
Protocol
‘ Bl

Platform:
Gecko Bootloader | RAIL | NVM3 | emLib

ooth Link Layer

to utilize to optimize power, range, and
throughput for their application.

The 4- x 4-mm, QFN32 BGM220
chip is available separately or incor-
porated into two compact system-in-
package (SiP) solutions. The 6- x 6-mm
BGM220S adds an on-board antenna
and an RF pin coupled to a +6-dBm
transmitter. Both SiPs incorporate up
to 25 GPIOs; the full GPIO complement
requires a 5- x 5-mm QFN40 package.

The larger BGM220P is built on a
13- x 15-mm PCB and the transmitter
can operate up to +8 dBm. It also has a
built-in antenna and can be used with or
without a built-in LEXO. The BGM220P
provides more range at a low cost.

| Application
[ API

Bluetooth Mesh

Model
Bluetooth LE
Bluetooth Mesh
Profile

Bluetooth Link Layer

EFR32 Platform:
RAIL | Gecko bootloader | NVM3

1. Developers can choose from a compact Bluetooth LE stack (left) or add mesh-networking

support (right).

The SiPs integrate dc-dc power man-
agement plus all passives and on-board
crystals. Versions are available that can
handle extended temperatures up to
105°C. They’re Bluetooth 5.2 certified
and address standards such as CE, FCC/
ISED, MIC, and Telec.

The BGM220 has up to 512 kB of
flash memory shared by both proces-
sors. There’s also up to 32 kB of RAM.
Active current is 25 pA/MHz while the
full 32 kB of RAM can be maintained in
sleep mode for 1.4 uA. Operating voltage
range is 1.71t0 3.8 V.

The radios support Bluetooth 5.2 and
Bluetooth mesh LPN (low power node)
as well as 1M, 2M, Bluetooth Low Ener-
gy (BLE) Coded PHY audio, and angle of
arrival (AoA)/departure (AoD) for loca-
tion support. Proprietary 2.4-GHz sup-
port can handle 2/4(G)FSK, (G)MSK,
OQPSK, and DSSS.

Silicon Labs provides development
tools in addition to the configurable pro-
tocol stacks. The Xpress option offers a
pre-programmed API-driven solution
that allows developers to concentrate on
their application while taking advantage
of wireless connectivity.

Developers can use Silicon Labs’ Sim-
plicity Studio to tune their Bluetooth
stack, depending on the features they
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2. The BGM220 includes a Cortex-MO0+ for real-time radio control and a Cortex-M33 application processor.

need. For example, BLE requires only
158 kB of flash while a full-blown mesh
stack runs about 300 kB. There’s also
a stripped-down mesh node configu-
ration. This enables the chip to handle
chores from a high-end gateway to very
low power nodes.

The company also built in Wi-Fi Pack-
et Traffic Arbitration (PTA) coexistence
support. This four-wire interface allows
a host processor to manage the Bluetooth
transmitters with its other wireless trans-
mitters so that they don’t try to use the
same bands at the same time. Essentially,
the interface includes request to transmit,
allow transmission, and a priority line.

The chip is designed for secure solu-
tions starting with a root of trust and
secure loader (RTSL). This includes
secure boot support as well as secure,
over-the-air updates.

Silicon Labs provides a range of eval-
uation and development platforms (Fig.
3), starting with a low-end node to a
complete platform with interchangeable
radios.

The BGM220 can act as a standalone
wireless solution as well as become
a wireless support device for a host.
The latter is often a gateway platform,
such as a Wi-Fi device that may be a
Bluetooth bridge, or use Bluetooth

for local wireless configuration and
management.

he chip is

designed
for secure solutions
starting with a root of
trust and secure loader
(RTSL). This includes
secure boot support as
well as secure, over-
the-air updates.

SILICON LABS s

3. The Explorer kit (left) is priced under $10, while the more functional SLTB010A development kit (center) costs less than $40. The Pro Devel-

opment Kit (right) supports multiprotocol development and interchangeable radio cards.
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NOVEMBER 2020 MICROWAVES & RF



LAB-BASED "Li-Fi” LINK Exceeds 7 Gb/s Using Blue Micro LED

AS AN OPTICALLY BASED COMPLEMENT
to RF-based Wi-Fi, Li-Fi (light fidelity) of-
fers distinct attributes including potentially
extremely high throughout over limited
distances and immunity from (and non-

signal processing to achieve their results.
This high spectrum-efficiency waveform
was transmitted by the single LED, re-
ceived on a high-speed photodetector,
and demodulated using a direct sampling

This class of experimental test bed re-
quires many electro-optical components
as well as test-and-measurement equip-
ment for support, including these:

e Keithley (Tektronix) 2601 Current/

sourcing of) EMI/RFI. One other charac-
teristic of an optical link can be considered

oscilloscope (Fig. 2 on page 12). voltage Source /DC Supply

either a benefit or a drawback: Its line-of-
sight path provides outstanding immunity
to eavesdropping and hacking, but also
limits user mobility.

Adoption of Li-Fi in the marketplace
has been very limited thus far. However,
there’s an industry association that pro-
vides standards and support, and there’s
the potential for using a single LED bulb/
photoreceptor unit as both light source
and Li-Fi node (see Resources).

Researchers, of course, see push-
ing the envelope of optical-based data
links as an area of great interest. A team
at Leti (a research institute of CEA Tech,
Grenoble, France) has achieved a visible
light communication (VLC) test-bed trans-
mission at 7.7 Gb/s (significantly exceed-
ing the previous 5.1-Gb/s record) using
a single, 10-pum diameter, gallium-nitride
(GaN) blue micro LED (Fig. 7). (In general,

Directional Couplers

2500

Frequency | Coupling | I.L. Loss Coupling Directivity | Input Power Model
a smaller emissive area of the LED yields Range (MHz)| (dB) | (dB) max. |Flatness max.| (dB) min. | (watts) max. | Number
a higher bandwidth—here, 1.8 GHz in the 20320 | 501 0.06 0.25 25 2500 C50-101
institute’s single-blue micro LED project.) 0.5-50 50 =1 0.10 0.50 20 2000 C50-100
In addition to the micro LED, the team 0.5-100 301 0.30 0.50 25 200 C30-102
. . 0.5-100 40 1 0.20 0.30 20 200 C40-103
also developed an advanced multi-carrier 1.0-100 50 £ 1 0.20 1.00 20 500 C50-109
modulation scheme combined with digital 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

1. The single 10-um GaN-based micro
LED is the blue-light source for the data
stream. (Source: CEA-Leti)
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MWRF-ECP18

DC supply
2601A

10pm blue LED

=

2. Driving the micro LED, creating the link, and assessing its
performance takes a significant amount of high-performance
test-and-measurement equipment along with electro-optics

and optical components. (Source: CEA-Leti)

20dB Amplifier
ZHL-1000 [_ﬁ

(-

AWG 5204

Laptop

e Mini-Circuits ZHL-1000-3W 3W, 500
to 1000 MHz Amplifier

e Tektronix AWG5204 Arbitrary Wave-
form Generator

e Microworld MWRF-ECP18 18-GHz
RF probe

e Femto HSPR-X2 GHz Ultra-Fast
Photoreceiver

e Thor Labs BBE1-E02 - 1” Broad-
band Dielectric Elliptical Mirror

| 40x microscope
. objective

Plano-convex Femto

P oW tens , __HSPRX'-1G4-SI
BBE1-E02 ) &
mirror 4 g
(LX)
DPO7254

e Tektronix 7254 Digital Oscilloscope
e Picosecond Pulse Labs (Tektronix)
5575A Bias Tee

While the Light Communications Alli-
ance (created in 2019) is intended to en-
courage the industry to implement stan-
dardization and promote interoperabil-
ity between Li-Fi systems from different
manufacturers, CEA-Leti is planning to
continue its research in two areas:

Developing a better understanding of
the electrical behavior of single LEDs
in high-frequency regimes and the
link between bandwidth and electro-
migration patterns.

Investigating techniques to improve
the range and/or increase the data
rate using a matrix of multi-LED emis-
sive devices. This requires adapting
the waveform generation as well as a
CMOS interposer to drive the matrix
on a pixel basis.

LiFi RESOURCES

http://lightcommunications.org/
https://standards.ieee.org/standard/
802_15_7-2018.html
https://www.lifitn.com/im-new
https://en.wikipedia.org/wiki/Li-
Fi#Standards

REAL TIME

PHASE NOISE ANALYSIS
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holzworth instrumentati
L:m‘r‘;;"’ ) LO1)
@ LO "
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r O t
i POWER

-

HA7062D Phase Noise Analyzcr o

L a S POWER
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Holzworth
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SPMI

Amplifiers - Solid State

Attenuators - Variable/
Programmable

Bi-Phase Modulators

Couplers (Quadrature, 180,
Directional)

Detectors - RF / Microwave

DLVAs, ERDLVASs &
SDLVAs

Filters & Switched Filter

A

Planar Monolithics Industries, Inc.
mmWave Limiters up to 50 GHz

PMI offers a variety of mmWave Limiters capable of withstanding an input
power level of 20 Watts for military and industrial applications. PMI’s limiters
offer low loss, fast recovery along with low RF leakage levels and broadband
coverage to 50 GHz. More available at: https://www.pmi-rf.com/categories/

limiters

2-IN-1 - Dual Use Connectorized or Surface Mount

—

=
LM-10M35G-15DBM-4W-292FF

LM-10M40G-15DBM-4W-AGAL
LM-10M50G-18DBM-4W-24FF

LM-18G40G-SMT-1

FREQ

Insertion

LM-18G40G-18-1W-292FF

Leakage

LM-26G40G-14-20W-292FF
LM-26G40G-14-20W-292FF
Rev. B

Banks PMI Model No. Range  Loss nput Power ecovery SO (L))
. . (GHz) (dB) Power (Peak) (dBm) Time Connectors
Form, Fit, Functional
. 25WCw » » 3
PrOdUCts & Serces LM-10M35G-15DBM-4W-292FF (20 MHz - 18 GHz) 058" X0.7" X [.]'26
R (TR https:/www.pmi-rf.com/product- 10_';":1 4.0 & 50 - 40 W PW +18 150 ns Z'ifn":"l‘afl):a'ﬁzi
q y details/Im-10m35g-15dbm-4w-292ff (20 MHz - 18 GHz2), SMT (Drop-n)
Frequency Sources 1 65 PW. 1% duty cycle °
5WCwW 0.53” X 0.7” X 0.26”
H o LM-10M40G-15DBM-4W-AGAL .
Frequency DISCI"ImInatorS https://www.pmi-rf.com/product- OLLE 3.2 (20[ME N C 2 +22 100 ns AP () (I
& IFM details/Im-10m40g-15dbm-4w-agal i ZoW(Igchz); Removabizind
1 ps PW, 1% duty cycle SMT (Drop-In)
Frequency Synthesizers LM-10M50G-18DBM-4W-24FF 10 WH 4W CW & 20 W peak, 053;)( °'7; th_).Izs"
A = https://www.pmi-rf.com/product- 0 z 3.4 PW 1 ps to 10 ps, +18 100 ns -92mm (F) Field
Galn & Loss Equallzers details/Im-10m50g-18dbm-4w-24ff -50 1% duty cycle Rsel\r:;;,;z:j:)d
Integrated MICIMMIC LM-18G40G-SMT-1 20W k, 440 - 670 0.27” X 0.198” X 0.016
. - - - peak, - ns 27 .198” .016”
Assemblies (IMAs) https://www.pmi-rf.com/product- 18 - 40 4 | Pw, PRF600-900kHz, | +14 [ 250ns surface mount /
|Q Vector Modulators details/Im-18g40g-smt-1 40% Duty Cycle drop-in carrier
A= A LM-18G40G-18-1W-292FF 0.5” X 0.5” X 0.22”
lelters . RF l M|croWaVe https://www.pmi-rf.com/product- 18 - 40 4 1WCw +18 10 ns 2.92mm (F/F) Field
LOg Amps details/Im-18940g-18-1w-292ff- Removable
i LM-26G40G-14-20W-292FF 20 W peak, 440 - 670 ns 0.5” X 0.5” X 0.22”
Mlsce"aneous PrOdUCts https://www.pmi-rf.com/product- 26.5-40 4 PW, PRF 600 - 900 kHz, +14 250 ns 2.92mm (F/F) Field
Monopu ISe Comparators details/Im-26g40g-14-20w-292ff 40% Duty Cycle Removable
Multifunction Integrated LM-26G40G-14-20W-292FF Rev. B 20 W peak, 440 - 670 ns 0.5” X 0.5” X 0.22”
A bl. IMA https://www.pmi-rf.com/product- 26.5-40 4 PW, PRF 600 - 900 kHz, +14 250 ns 2.92mm (F/F) Field
ssemblies ( s) details/Im-26g40g-14-20w-292ff-rev-b 40% Duty Cycle Removable
Phase Shifters & Bi-Phase LM-26GA40G-14-20W-292F M 20 W peak, 440 - 670 ns 0.5” X 0.5” X 0.22"
Modulators https://www.pmi-rf.com/product- 26.5 - 40 4 PW, PRF 600 - 900 kHz, +14 250 ns 2.92mm (F/M) Field
.. ) details/Im-26g40g-14-20w-292fm 40% Duty Cycle Removable
Power Dividers/Combiners
- - LM-26G40G-14-20W-292MM 20 W peak, 440 - 670 ns 0.5” X 0.5” X 0.22”
(Pass“le & ACtlve) https://www.pmi-rf.com/product- 26.5 - 40 4 PW, PRF 600 - 900 kHz, +14 250 ns 2.92mm (M/M) Field
Pl.l Ise Modulators - SPST details/Im-26g40g-14-20w-292mm 40% Duty Cycle Removable
. 0.53” X 0.7” X 0.26”
Rack & Chass|s Mou nt LM-3?G36G-14-_20W-SMT 20 W peak, 2.92mm (F) Field
PI'O dUC tS https://www.pmi-rf.com/product- 32-36 2 30 pus PW, +14 250 ns e S Yoer
il - = - = 10/

- details/Im-32g36g-14-20w-smt 30% Duty Cycle SMT (Drop-In)
Receiver Front Ends & LM-35D5G-14-20W-292FF 20 W, 440 - 670 ns PW, 0.5” X 0.5” X 0.22”
Transceivers https://www.pmi-rf.com/product- 35-36 3 PRF 600 - 900 kHz, +14 250 ns 2.92mm (F/F) Field

details/Im-35d5g-14-20w-292ff 40% Duty Cycle Removable

Single Side Band
Modulators

SMT & QFN Products
Switch Matrices

Switch Filter Banks
Switches - Solid-State

Systems - Radar Sense &
Avoid

Systems - Fly Eye Radar
Threshold Detectors N
USB Products

LM-26G40G-14-20W-292FM

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

sales@pmi-rf.com - www.pmi-rf.com
ISO9001-2015 REGISTERED
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East Coast Operation:
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Frederick, MD 21704 USA
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Technology Report

PETER MATTHEWS | Senior Technical Marketing Manager, Knowles Precision Devices (KPD)

Keep Abreast of
RF Filtering Trends (Part 1)

The opener of this two-part series examines the current trends in filter design in the
context of the challenges presented by today’s highly complex RF environment.

t any given time, a
multitude of signals at
various frequencies are
streaming all around
us. Devices such as televisions, radios,
radars, medical devices, and cell phones
rely on receiving the proper RF signal
to deliver what’s expected by the end
user. Therefore, each of these devices
requires some level of filtering to attenu-
ate or remove unwanted signals from
the desired channel. Without filtering,
these devices can become saturated and
unwanted signals can combine with
desired signals to corrupt information.
While all filters have the same basic
job—to remove unwanted or out-of-
band signals—the specific job require-
ments of each filter vary depending on
the given RF architecture and needs of
the target device. In addition, the need
for filtering is frequency-agnostic.
While there’s an overall trend for RF
devices to operate at higher frequen-
cies across applications, especially in
the mobile telecom industry, it’s not the
requisite filtering jobs that are changing

as much as the technologies needed for
filtering at these higher frequencies.

AN OVERVIEW OF FILTERING JOBS
ACROSS RF ARCHITECTURES

When designing a filter for an appli-
cation that depends on receiving and
sending RF signals, the first step is to
identify the jobs that must be performed
by the filter. These jobs can be very dif-
ferent depending on the RF architecture
used in the application. Let’s examine fil-
tering tasks in three common RF archi-
tectures—superheterodyne (superhet),
direct conversion, and direct sampling.

The superhet architecture is well-
established and offers high performance
over a wide range of frequencies, which
makes it one of the most widely used
radio receivers today. In this archi-
tecture, frequency mixing converts a
received signal to a fixed intermediate-
frequency (IF) signal to simplify pro-
cessing (Fig. 1).

Multiple RF filters take on several
challenges in the superhet architecture,
including:

o Preselection: A bandpass filter
selects the spectrum range that
contains the band of interest,
allowing only the desired RF fre-
quency to pass while suppressing
the undesired spectrum.

o Removing image spurs: These are
RF signals outside the band of
interest that could mix with the LO
and generate tones in the IF signal.

o Removing IF spurs: This is RF
energy at the IF frequency that can
show up as a tone in the IE.

o Removing LO leakage: This is radia-
tion from the LO that can pass up
and down the receiver chain. LO
leakage could cause problems for
the receive function as well as
potential emission problems from
the receiver itself.

While the superhet architecture is a
proven and trusted approach, the large
component count can impact size,
weight, and power (SWaP), making
it an impractical option for some RF
applications. Therefore, in contrast to a

Antenna Filter LMA

Filter Mixer

Lo

IF Amplifier

Filter ADC

1. The functional block diagram for a superhet receiver shows the necessary components, which include multiple filters, a low-noise amplifier

(LNA), a mixer, a local oscillator (LO), an IF amplifier, and an analog-to-digital converter (ADC).
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2. This DCR functional block diagram shows how the downconversion stage in a superhet receiver is replaced with an IQ demodulation step
that takes the RF and feeds baseband to the ADC.

superhet, a direct-conversion receiver
(DCR)—also known as a homodyne,
synchrodyne, or zero-IF receiver—
doesn’t need to convert incoming sig-
nals to an IF signal. Instead, a DCR uses
an LO with a frequency that’s close to
identical to the carrier frequency to
demodulate the incoming signal via
synchronous detection and generate the
final baseband input to the analog-to-
digital converter (ADC) (Fig. 2).

In a DCR, the REF filter’s jobs include
preselection; preventing out-of-band
signals from saturating the analog front

end; and aliasing, which can be handled
by a low-pass filter at baseband. This
architecture is a good fit for applications
that must maximize ADC bandwidth
and need simplified wideband options
from a SWaP standpoint. However, the
need for I/Q balance and image rejec-
tion, and the potential for in-band har-
monics, can make a DCR challenging to
use in some applications.

Finally, the newest of these receiver
architectures, the direct-sampling vari-
ety, is perhaps the holy grail of receiver
architectures from a component sim-

plicity standpoint. In direct sampling,
the incoming signal is filtered to provide
some selectivity and then amplified in
an LNA with no mixing involved. Lastly,
the RF signal is directly sampled by a fast
ADC into digital form (Fig. 3).

The jobs required of filters in a direct-
sampling approach are like the jobs
done in a DCR. They include prese-
lecting, preventing out-of-band signals
from saturating the analog front end,
and aliasing with a bandpass filter to
prevent interference in the alias bands
of the ADC. While direct sampling is a

High-Performance
Wirewound Ferrite Beads

i

&

o Extremely low DCR for high-current applications
| o Smaller solution sizes than thick-film chip ferrite beads

o High impedance across a wide bandwidth —
up to GHz band

Learn more @ coilcraft.com/ferritebead
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LNA Filter

ADC

3. A greatly simplified architecture from a component perspective, the direct sampling architecture contains just the LNA, filters, and the ADC.

great option from a SWaP perspective,
the approach presents some challenges,
including bandwidth limitations by the
ADC bandwidth at RF and the potential
for gain imbalance.

TRENDS IN FILTER PERFORMANCE
CONSIDERATIONS

Once the general job of a filter is
determined based on the architecture at
hand, it’s time to think more specifically
about the performance requirements
for the filter based on the application
it’s being placed in. Let’s look at a few
industry-wide trends impacting filter
performance decisions today.

Trend 1: It’s not just about your appli-
cation’s current operating frequency.

As mentioned, the need for filters is
frequency-agnostic—whether you're
working on an electronic warfare sys-
tem at 8 GHz or a 5G millimeter-wave
(mmWave) system at 28 GHz, you’ll
need some level of filtering. Because no
filter can operate across all frequencies,
the appropriate filter for your applica-
tion changes depending on if it’s func-
tioning at the low or high end of the
spectrum (Fig. 4).

But today, there are several reasons
why it’s not enough to simply consider
the band your device is currently operat-
ing in. For example, let’s look at mobile
devices. One overarching trend is the
shift to 5G. Currently, the 5G operat-
ing spectrum is divided into two fre-
quency ranges—FR1, which covers 4.1
to 7.125 GHz and spans the L, S, and C
bands; and FR2, which covers 24.25 to

18

52.6 GHz and includes the Ka band and
beyond.

Because the availability of these
bands is managed differently by region
depending on where your end device
will be used, the spectrum environment,
or which frequencies are interacting
with the band of interest, may change.
How are operating frequencies managed
in the United States? The Federal Com-
munications Commission (FCC) holds
auctions in which commercial concerns
may purchase available frequencies.
Table 1 shows alist of recent and upcom-
ing auctions.

Companies should be prepared to
have different filtering requirements

depending on which operating frequen-
cies they purchased. In addition, their
filter considerations will also change
based on the type of applications operat-
ing at adjacent frequencies.

As more frequencies become avail-
able for devices to operate on, this trend
of considering what’s operating nearby
gains more steam. For example, Earth
Exploration-Satellite Services (EESS)
operate globally between 23.6 and 24
GHz, which is directly adjacent to the
5G n258 band that operates between
24.25 and 27.5 GHz.

To prevent interference with the EESS,
the International Telecommunication
Union (ITU) placed limits on how much

TABLE 1: RECENT AND UPCOMING FCC
FREQUENCY-SPECTRUM AUCTIONS

Auction When F'*Eg“;z';cy
FCC Auction 101 Jan-19 28 "
FCC Auction 102 May-19 24
FCC Rules for 6 GHz Unlicensed Apr-20 6.5
FCC Auction 103 May-20 39
FCC Auction 105 Aug-20 3.6
FCC Auction 107 ~Dec-20 3.8
3GPP Release 17_ (will include ~60 GHz Dec-21 60
unlicensed)
O Db amind | gzt | s
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4. The diagram represents the bands from low to high frequency.

radiation may “leak” from 5G opera-
tions into the EESS band. Therefore,
filters used in 5G devices operating at
24.25 GHz need high selectivity. This
can be simplified if the filter technol-
ogy is inherently high Q, which can also
have the added benefit of reducing the
complexity of the filter design required
to reach a selectivity target.

Furthermore, in 2021, the 3.5-GHz
band will be reallocated from military to
telecom applications. As a filter design-
er, keeping an eye on trends, such as
what is coming next in terms of available
bandwidth, is important for being pre-
pared to meet future filter needs.

s a filter

designer,
keeping an eye on
trends, such as what is
coming next in terms
of available bandwidth,
is important for being
prepared to meet future
filter needs.

Trend 2: Miniaturizing devices while
also improving tolerance.

In general, depending on where RF
filtering is deployed in the architecture,
space will come at a premium. Like
most industries, the trend in military
and aerospace is to extend capabilities,
such as rapidly sending and receiving
more data, with a smaller footprint.
Thus, more communication technol-
ogy is being crammed into each satellite,
which means the demand for smaller
and lighter components is trickling
down the supply chain.

Concurrently, in response to the ever-
increasing demand for communications
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Graph A: S21 for 18 GHz Bandpass Filter on Alumina, -55°C to +125°C
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5. Graph A shows the response of microstrip bandpass filters built on alumina, while Graph

B shows the response of microstrip bandpass filters built on Knowles Precision Devices’ CF

dielectric material.

via satellite, satcom designers are push-
ing past the X and Ku bands to the high-
er-frequency Ka and V bands (Table 2).
As a result, there’s a trend to shift from
traditional heterodyne architectures to
a direct RF sampling approach, which
inherently changes the filtering tasks.
Considering the importance of
reducing mmWave filter size to keep up

with the general trend of device min-
iaturization, manufacturing tolerance
also plays a crucial role. Poor tolerance
encroaches on potential board space or
layers that could be used to add other
devices or functionality. On top of that,
tolerance not only affects filter speci-
fications such as planned versus real-
ized performance and potential loss of
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bandwidth, it also increases the cost of
implementation.

In short, at mmWave especially, tol-
erance impacts can become significant

and potentially alter the total cost of an
implementation. If tolerance isn’t consid-
ered during manufacturing, it can affect
the yields of the overall system and fur-

ther increase the need for guard banding,
taking up useful spectrum space.

Trend 3: Managing temperature-sta-

TABLE 2: COMMON MILITARY AND AEROSPACE APPLICATIONS

OPERATING ACROSS VARIOUS BANDS

Band Frequency

Typical Uses*

bility issues.

As devices become smaller and dens-
er, it becomes much more difficult to
control temperature, which means sys-
tems will run hot and frequency varia-
tions may occur. Therefore, the emerg-

ing trend is for filters to perform within

specification over a wide range of tem-
peratures, with temperature stability of

approximately 3 ppm/°C. By designing

filters with the right dielectric material

and filter topology, one may produce
temperature-stable surface-mount fil-

ters with high rejection and low loss

(Fig. 5). i

PART 2 of our RF-filtering trends series will
address current and emerging technolo-

Range

L 110 2 GHz Military telemetry, GPS

S 2 to 4 GHz Weather radar, surface ship radar, some satcom, GPS

C 410 8 GHz Long-distance radio telecommunications

X 81o 12 GHz Safcom, radar

Ku 12 to 18 GHz Safcom

K 1810 26.5 GHz Satcom, radar

Ka 26.510 40 GHz Safcom

Q 33 1o 50 GHz Satcom

Satcom, military radar targeting and

w 7501110Ckz tracking applications
*Note that electronic-warfare applications also show up across all bands as adversaries look to detect and
disrupt each other’s systems.

gies that help meet the upcoming challeng-
es in RF design work.
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Wireless Services

Expanding 5G/6G connectivity to include network-to-smart device communications,
combined with Al and IoT, will usher in a new industrial wave and offer greater
business value for both industry and society.

he release of each new generation of wireless
technology every decade or so has enabled mobile
communication to progress considerably since
the first portable phones appeared in the 1980s.
Te 1 advances have created new services and business
opportunities, driving what's being referred to as the third wave
of communications. The evolution made possible through 5G
and future 6G technology will support even more new services
for industry and society, well into the 2030s and beyond (Fig. I).
5G represents the first step toward this next wave of services
with expanded connectivity and a significant upgrade in mul-
timedia capabilities combined with artificial intelligence (AI),
machine learning (ML), and the Internet of Things (IoT). 5G
will be the first generation of mobile communications to uti-
lize millimeter-wave (mmWave) band frequencies, supporting
bandwidths of several hundred megahertz and actualizing
ultra-high-speed wireless data communications of many giga-
bits per second.

This article examines the expansion of 5G/6G wireless com-
munications to new areas of service that will drive another
industrial wave and offer greater business value for industry
and society.

THE THIRD WAVE OF WIRELESS COMMUNICATIONS

5G and future systems will close the gap between the physi-
cal and cyber worlds. Today, mobile consumers use wireless
connectivity to access the web from almost any location. In
the future, high-speed coverage will be more widespread and
faster, with greater emphasis on uplinking information from
real-world events, either human and/or IoT, to the internet.

Once this information is in the cloud, AI could reproduce
the real world in cyberspace and emulate it beyond physical,
economical, and time constraints, so that “future prediction”
and “new knowledge” can be discovered and shared. The role
of wireless communications in this cyber-physical fusion
is assumed to include high-capacity and low-latency trans-

/1980 1985 1990 \/ 2000 2000 N\ = 2020 2030 ) 1-There
have now
/ 0 been five
@ @ generations
of mobile
0 E ® |
nications
Car phone  Shoulder phone MOVA Smartphone o @ technology
and ser-
Portable Handy Mobile Information A variety of vices. with
telephone telephone phone for in hand apps/videos Intemet of Things ’
everyone Enhanced Mobile a sixth on
A j \_ I\ Z  the way.

22

NOVEMBER 2020 MICROWAVES & RF




mission of real-world images and sensing information, and
feedback to the real world through high-reliability and low-
latency control signaling.

Radio communications in this cyber-physical fusion sce-
nario correspond to the role of the nervous system transmit-
ting information between the brain and the body. Communi-
cations convert real-world events to the cyber world through
enhanced uplink capabilities and provide feedback informa-
tion to humans and devices through low-latency downlink
functionality.

NEXT-GENERATION AREAS OF SERVICE

The next wave of communications focuses on three areas of

service (Fig. 2) including:

« Enhanced mobile broadband (eMBB), which extends the
current mobile experience with high data throughput on
the order of more than 10 Gb/s, high system capacity on
the order of more than 1000X that of LTE, and a much
better spectral efficiency (3-4X) than LTE. Its use cases
are high-speed mobile broadband, virtual reality, aug-
mented reality, gaming, and more.

o Ultra-reliable, low-latency communications (URLLC),
which focuses on achieving low latency, high reliability,
and high availability. The expectation is for latencies of
less than 1 ms. This is basically for mission-critical use
cases and applications.

o Massive machine-type communications (mMTC),
which provides connectivity to a huge number of devic-
es whose traffic profile is typically a small amount of
data (spread) sporadically. Consequently, latency and
throughput aren’t a big concern. The main concern is
the optimal power utilization of those devices because
they’re battery-powered and the expectation of battery
life is around 10 years or so.

Current activity in mmWave front-end
design, including antenna-in-package

(AiP) phased arrays (Fig. 3 on page 24), ~ Enhanced
large-scale beamforming RF inte- Bmaﬂf,:::
grated circuits (RFICs), multi-tech- (eMBB)

nology integration, and system-level
electromagnetic (EM) analysis will

all contribute to realizing New Radio
(NR) access technology that can be
cost effective and easy to install. This
will support the small-cell networks that
achieve 5G/6G performance.

Early 5G deployment and related tri-
als have shown room for improvement
in coverage and uplink performance in
non-line-of-sight (NLOS) environments
and heavy traffic use cases. While future

GO TO MWRF.COM

6G

5G ' m)

Massive Machine-Type
Communications

(mMTC)

2. These are some of the new business
services that will be enabled with the third
wave of communications, which has been
initiated with the advent of 5G.

system performance goals are still in the early phases of con-
sideration, full realization of the promise of this next wave of
communications creates a need for continued enhancements.
Extreme performance is necessary to provide the high reli-
ability and low latency called for by mission-critical (time-
sensitive) applications such as self-driving vehicles.

6G PERFORMANCE GOALS

6G will implement many different technologies to achieve
its performance goals. Among them will be new topologies of
overlapping cells with distributed networks of beamforming
antennas controlled by Al and ML to dynamically select opti-
mum transmission paths. Previous cellular communications
were based on networks of hexagonal cells spaced far enough
apart to avoid signal interference with neighboring cells. In
the future, there will be overlapping cells that can be dynami-
cally reconfigured. In addition, coverage will expand through
space, sea, and high-altitude drones.

New functionality in spatial multiplexing and massive mul-
tiple-input multiple-output (nMIMO) are under investiga-
tion, including the use of reflective surfaces and metamaterials
to manage signal propagation in crowded urban environments
with limited LOS. 6G may employ a spatially non-orthogonal,
overlapped, and dynamic topology to increase path selection.
Beam control through AT and ML will help reduce intercell
interference at a cost of complexity.

Besides reconfiguring networks, much of the 5G/6G focus
will be on physical design of radio access front ends. Strategic
design partitioning, leveraging of optimal semiconductor
processes, and multi-fabric assemblies will undoubtedly be
utilized, calling for a range of simulation technologies, design
and manufacturing flows, and tool interoperability. These
trends will require software design support for co-design

and co-optimization of next-generation wireless
electronic systems across multiple domains—
including RF, analog, and digital simula-
tion—aided by large-scale EM and

UltraReliable t1ermal analysis, and robust design

Low-Latency  verification and signoff.

(URLLC) A common RFIC and system-in-
package (SiP) design challenge is
concerned with how RF intellec-
tual-property (IP) blocks are sub-
ject to EM, capacitive, supply, and

substrate coupling. These poten-
tially harmful interactions result from
effects that occur with high-frequency
signaling. Noise, either into or out of a
block, can travel through the substrate
or through power bussing. Placement
(floorplanning) of noise-generating and
noise-sensitive blocks is design critical.

23


http://mwrf.com

5G Evolution

Parasitic coupling capacitance within/between RF blocks,
and signals routed nearby (100s to 1000s of microns away)
can cause disrupted performance. Self-inductance of any
nets connected to the RF block, and mutual inductance
between any net within an RF block to nets in neighboring
blocks, is another concern.

RF IP blocks interact much differently than digital IP
blocks. Most place-and-route tools aren’t able to address the
unique issues confronted in integrating RF IP. An RF engineer
working with RF-aware design tools is required to success-
fully integrate blocks at the chip, package, or board levels. To
understand the effects of parasitic coupling, either capacitive,
inductive, and through the substrate, closed-form distributed
transmission-line models and EM analysis are essential for RF
IP development.

Using higher-frequency bands in 6G (94 GHz to 3 THz)
will help reduce the size of these antennas, making efforts to
shrink component footprints easier. However, the antennas,
feed networks, and package interconnects will all be more

3. The images depict dual-polarized AiP phased-array technology
designed in Cadence AWR Design Environment software.

susceptible to parasitics and unintended coupling (crosstalk),
requiring rigorous EM analysis and design verification. This
move to higher spectrum will lead to a wide range of design
and integration challenges.

NEED FOR WIRELESS TECHNOLOGY IMPROVEMENTS

5G deployment and related trials have shown there’s room
and need for improvements to the coverage and uplink per-
formance of NLOS environments and heavy-traffic use cas-
es. To fully achieve the promise of this next wave of commu-
nications, we’ll need continued enhancements to guarantee
the high reliability and low latency necessary to close the
gap between the cyber and physical worlds. 5G evolution
will concentrate on better uplinking and toward more deliv-
ery guarantees, as opposed to “best effort,” with a focus on
URLLC (Fig. 4).

Achieving URLLC performance with < 1-ms latency and
up to “nine nines” (99.9999999%) mission-critical reliability
(for factory operational technology) for networks based on
edge cloud computing will require a massive number of small-
cell radio access points and distributed antennas with AI/ML
controlled beamsteering. Implicit in the requirements for this
vast deployment of non-orthogonal networks will be the need
to drive down the cost of the beamforming antenna arrays and
complex receivers, especially if faster-than-Nyquist signaling
techniques are applied, while greatly improving (beyond the
current best effort) uplink technology.

CONCLUSION

A key goal of 5G has been to expand the reach and value of
wireless technology beyond the individual mobile subscriber
in support of mMTC and URLLC. Expanding connectiv-
ity to include network-to-smart device communications,
combined with AI and IoT, will usher in a new industrial
wave and offer greater business value for both industry and
society. [l
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4. Integration of beamsteering RF front-end module technologies will improve uplink data rates for 5G/6G devices.
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Accurate Models and
Discrete Part-Value
Optimization Combine fo
Improve Workflows

A workflow that combines measurement-based models with discrete part-value
optimization can aid designers by automatically adjusting a design’s component
values to optimal manufacturer part values.

esigning RF filters and
other high-frequency
circuits with today’s

simulation software
nvolves performing some
form of optimization to achieve the
desired performance. For example,
take the case of a lumped-element filter.
Optimizing such a filter involves adjust-
ing the values of its lumped components
until the filter achieves an optimal fre-
quency response.

However, once the component values
have been determined via optimization,
they may still need to be adjusted to the
closest discrete, or “real-life,” manu-
facturer part values. Depending on
the design’s complexity, this extra step
can create a bit of extra legwork for the
designer.

Fortunately, with the proper tools, it’s
possible to perform discrete part-val-
ue optimizations in which component
values are directly adjusted to optimal
manufacturer part values. This optimi-
zation method eliminates the need for
designers to manually adjust optimized
component values to the closest avail-
able real-life part values, thereby cutting
one step from the overall design process.

This article explains how a discrete
part-value optimization method can
be leveraged to develop a lumped-ele-
ment bandpass filter designed using the

26

Cadence AWR Design Environment
(AWRDE). The design includes Mod-
elithics measurement-based passive-
component models, which enable simu-
lations to accurately predict the filter’s
real performance. After completing an
initial filter design, a discrete part-value
optimization achieves the desired fre-
quency response. The article wraps up
by comparing measured data to the sim-
ulated results.

BEGINNING WITH THE iFILTER
SYNTHESIS MODULE

The AWRDE consists of several
software tools used for developing RF/
microwave products. Among them are

Microwave Office for RE/microwave
circuit design and the AXIEM 3D planar
electromagnetic (EM) simulator. For
this design example, we used both tools.

Various add-on modules can also be
utilized within the AWRDE platform.
One of them is iFilter, an integrated syn-
thesis wizard used to develop RF/micro-
wave filters.

For this example, we used iFilter to
start the design process. We specified the
Passband as Bandpass and the Realiza-
tion as Lumped. Following these selec-
tions, we chose Narrowband Lumped
Filter as the Main Filter Type. Subse-
quently, we selected Inductive (identical
shunt C) from the list of options.

L_v1=3 1006 C_1=10 17289%

3723
5482

oG

aL_vi=10d

Qc vi=1000
Fal_v1=0.1
Q_v1=1000000

INDQ. [ re]

AP D—J
8 PORT
] b pich
L Z=50 Ohm

v

1. Using iFilter to generate the filter design results in this Microwave Office schematic. The

bold reference designations that correspond to the variables were added for illustration

purposes.
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The next user interface contains the
filter schematic, frequency response,
and several user-defined parameters.
For this design example, we specified
a Chebyshev filter with a center fre-
quency of 950 MHz and bandwidth of
300 MHz.

We can then automatically create a
new schematic of the filter in Micro-
wave Office (Figure 1). Note that the tool
automatically set several variables. Table
1 lists these variables and their corre-
sponding values; Figure 2 shows the fil-
ter’s simulated frequency response.

INCORPORATING MICROSTRIP
TRANSMISSION LINES AND
MODELITHICS MODELS

While the schematic shown in Figure
I represents a good starting point for
the design, the overall design process
is far from complete. For one, to
properly model a real filter, one must
add microstrip interconnects to the
schematic.

We must also consider component
modeling. In the schematic shown in
Figure 1, the inductor and capacitor
models are ideal closed-form elements
with user-defined quality-factor (Q)
parameters.

Alternatively, utilizing Modelith-
ics measurement-based inductor and
capacitor models makes it possible to
predict the filter’s performance more
accurately. The company’s models offer
the benefit of both part-value and sub-
strate scalability. These models accu-
rately capture substrate-dependent
parasitic behavior and offer advanced
pad features for accurate EM/circuit
co-simulations. Hence, we used Mod-
elithics inductor and capacitor models
in place of the ideal elements seen in
Figure 1.

Figure 3 shows a new filter schemat-
ic created by duplicating the original
one. This new schematic contains all
the necessary microstrip interconnects
and vias. In addition, the ideal inductor
and capacitor models are replaced with
Modelithics models.

GO TO MWRF.COM

Table 1

Lvl 3.70063723 nH
L_v2 9.70595482 nH
L_v3 4.8548309 nH
L_v4 12.5688753 nH
cv1 10.172895 pF

These variables generated by iFilter represent the part values of the inductors and

capacitors.
mi:
095 GHz iFilter 950MHz IL RL
0 p—-05347aB —~ e = = T T T 0
4 /
v m3:
m2 ||I 1.1 GHz
08 GHz I 06729 dB
-20 -1.111d8 ' || -10
@ ? n ‘ -4 DB(|S(2,1)]) (L) .
9 || f | iFitter_950MHz b
5 40 | S0BISE.M R || 0 E
£ / e iFilter_950MHz 5
a 'T':‘ | \'\ mé g
£ 08 GHz me 11GHz
-1221d8B oeoonz 2155d8
-60 l ' \ -30
| . N
-80 &\ -40
0 0.5 1 15 2 25
Frequency (GHz)
2. The simulated frequency response reveals a center frequency of 950 MHz.
t
e - 1[1] :.':..'.-__ -
: _L:I-—:‘l—t_‘ .1
| . [[
il [
| . .
0& - A
b E— - =i
3. The new filter schematic incorporates microstrip interconnects and vias along with
Modelithics passive-component models.
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Blending Models and Discrete Part-Value Optimization

For this example, we chose the
Wiirth Elektronik WE-KI 0402-size
inductors for all the inductors. For the
capacitors, we used Kemet’s CBR04C
0402-size capacitors. Furthermore, the
substrate used for this filter is 10-mil-

thick Rogers RO4350B.

The schematic shown in Figure 3
also includes an EXTRACT block and
a STACKUP multi-layer substrate defi-
nition. We added these elements to the
schematic via the Create_Stackup script.
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4. We extracted this EM structure with the help of the Create_Stackup script.
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5. Adding microstrip elements and Modelithics models results in a downward shift in

frequency and greater passband insertion loss.

dataDir=installDir + "\Data\"

L_v1=L_vector[8]=3.6
L_v2=L_vector[20]=9.5
L_v3=L_vector[11]=4.7
L_v4=L_vector[24]=13

C_v1=C_vector{100]=10

installDir="C:\Program Files (x86)\AWR\Foundry\Modelithics"

L_vector=vfile(dataDir + "IND_WTH_0402_002.txt")
C_vector=vfile(dataDir + "CAP_KMT_0402_004 txt")

6. Adding these equations to the :
‘Microwave Office schematic enables the

appropriate .txt files to be the basis for a
discrete part-value optimization.
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These two elements together facilitate
EM/circuit co-simulation by creating
and configuring a metal geometry from
the PCB layout of selected schematic
elements.

In this case, we selected all the
microstrip interconnects and vias for
extraction. Therefore, these elements
will be analyzed with the AXIEM EM
simulator. The inductors and capacitors
will be analyzed within the Microwave
Office circuit simulator. Figure 4 shows
the extracted EM structure comprising
all the interconnects and vias.

Now that the EM extraction is prop-
erly configured, we can perform an
EM/circuit co-simulation by simu-
lating the schematic shown in Figure
3. This schematic includes the same
variables found in the original sche-
matic (Table 1, again). The inductor
and capacitor values of the Modelith-
ics component models are set to the
same variables as the corresponding
components in the original schematic,
meaning the component values are
unchanged.

Setting the Sim_mode parameter
of all Modelithics models to 0 enables
them to behave as full parasitic models,
thus accounting for all real-world para-
sitic, pad, and substrate effects. Figure
5 shows the frequency response after
simulating the filter with Sim_mode set
to 0 for all models. It’s evident that the
response shifted downward in frequen-
cy and is more lossy compared to the
results shown in Figure 2. The filter also
falls short of achieving the desired 300-
MHz bandwidth.

DISCRETE PART-VALUE
OPTIMIZATION TO THE RESCUE

Because the filter doesn’t currently
meet the design goals, the next step is
to perform a discrete part-value opti-
mization. This optimization technique
will directly adjust the inductor and
capacitor values to the optimal part val-
ues in the Wiirth Elektronik WE-KI and
Kemet CBR04C part families, respec-
tively.
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Blending Models and Discrete Part-Value Optimization

To facilitate performance of dis-
crete part-value optimizations in the
AWRDE, Modelithics offers .txt files
for all passive-component models. Each
file contains a list of all manufacturer
part values in the part family repre-
sented by the model. These files are
located in the <installDir>\Modelith-
ics\Data folder, where <installDir> is
the installation folder (C:\Program Files
(x86)\AWR\Foundry by default). The
IND_WTH_0402_002.txt file contains
all part values in the Wiirth Elektronik
WE-KI family of inductors, while the
CAP_KMT_0402_004.txt file contains
the same information for the Kemet
CBRO4C capacitor family.

Figure 6 displays the equations that
must be added to the Microwave Office
schematic (Figure 3, again) to utilize
these files for a discrete part-value
optimization. The equations shown
are based on the default file locations.
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7. Shown is the filter’s post-optimization frequency response. The response reveals a center

frequency of 950 MHz along with the desired bandwidth.

Note that the IND_WTH_0402_002.
txt and CAP_KMT_0402_004 .txt

Table 2
L vl 3.6nH
L_v2 9.5 nH
L v3 4,7 nH
L va 13 nH
Cwvl 10 pF

Shown are the manufacturer part values that are closest to the initial values.

Table 3
Lvl 3.6 nH
L v2 9nH
L_v3 5.6 nH
L_va 11nH
C vl 7.0 pF

These are the final optimized manufacturer part values.
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files generate two vectors, L_vector
and C_vector, respectively. As a result,
the L_vector element contains each
of the part values in the Wiirth Elek-
tronik WE-KI part family, while the
C_vector element contains each of the
part values in the Kemet CBR04C part
family.

From the values shown in the bottom
portion of Figure 6, we can see that the
variables are no longer equal to the ini-
tial values of Table 1. Rather, they’re now
set to the vector indices that correspond
to the manufacturer part values closest
to the initial values. Table 2 lists these
manufacturer part values.

It’s now time to perform a discrete
part-value optimization. To do so, we
specify the variables L_v1, L_v2, L_v3,
L_v4, and C_v1 for optimization in the
Variable Browser. Next, we set the opti-
mization goals. Over the passband of
800 to 1100 MHz, we're shooting for an
S,1 value greater than —2 dB and an Sy;
value less than —12 dB. For the lower
and upper rejection bands, the goal is
an S,; value of less than —20 dB. Finally,
upon opening the optimization user
interface, the user must select Discrete
Local Search from the list of optimiza-
tion methods.
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Figure 7 shows the filter’s simulated
frequency response after performing Measured Data Versus Simulated Results

the discrete part-value optimization,
while Table 3 lists the optimized manu-
facturer part values. Now that the fil-

20 4 A 77777 A O -10

ter performs well, the design process is
complete.

-40 -20

MEASURED DATA VERSUS
SIMULATED RESULTS AND CLOSING
The final step is to validate the design

Insertion Loss
Return Loss

-30

by building and measuring the filter. We -60
assembled two filters using the same
Wiirth Elektronik WE-KI inductors
and Kemet CBR04C capacitors from -80

the final simulation. Figure 8 shows the 0 0.5 1 1.5 2 25
Frequency (GHz)

1‘ > - .l
R e
- 40

measured data of both filters along with

the final simulated results. The mea-
sured data agrees with the simulated 8. The measured data for S, and Sy (dashed traces) largely agreed with the corresponding
results, thereby validating the design final simulated results (solid traces).
process.

In closing, utilizing Modelithics tion method within the Cadence AWR  The approach pinpoints exactly which
measurement-based models combined  Design Environment can be an effective  manufacturer part values are best suited
with a discrete part-value optimiza- way to design RF/microwave circuits.  for a design. G

The Best Performance in Convertibility...........

WEST-BOND’s 7KE Wedge & Ball Bonder

Our exclusive X-Y-Z controlled manual Ultrasonic Wire bonding Machine:
The 7TKE Wedge-Wedge and Ball-Wedge Wire bonding machine, with
convertibility for either 45° or 90° feed, and Ball Bonding, all in one machine.

e 45° and 90° Wire Feed Convertibility
e Wire or Ribbon Bonding

e Ball-Wedge Bonding

e Throatless Chassis

e ESD Protection

o Adjustable Work Platform

e Orthogonal X, Y, and Z Axes

_ www.westbond.com
WEST: OND, ne. Ph. (714) 978-1551 Fax (714) 978-0431
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Systems
PETER DELOS, BOB BROUGHTON, JON KRAFT | Analog Devices

Phased-Array Anfenno
Patterns (Part 4)—

GRATING LOBES

This latest installment in the series examines the topic of grating lobes with a focus on

element spacing.

n the first three parts of this series, we introduced the

phased-array steering concept and looked at the influ-

encers on array gain. In the next two parts, we'll discuss

grating lobes and beam squint. Grating lobes can be
hard to visualize, so we'll draw on their similarity with signal
aliasing in digital converters, then use that to think of a grating
lobe as a spatial alias.

In the upcoming Part 5, we'll explore the issue of beam
squint. Beam squint is an unfocusing of the antenna across fre-
quency when we use phase shift, instead of a true time delay,
to steer the beam. We'll also discuss the tradeoff between these
two steering methods and understand the impact of beam
squint on typical systems.

AN INTRODUCTION TO GRATING LOBES

So far, we have only examined the case in which the element
spacing is d = A/2. Figure 1 begins to illustrate why an element
spacing of A/2 is such a common metric in phased arrays.
Two cases are shown. First, in blue, we show the same 30° plot
from Part 3 of this article series (October 2020 Microwaves &
RF). Next, the d/\ spacing is increased to 0.7 to show how the
antenna pattern changes.

With this increase in spacing, note the reduction in the
beamwidth, which is a positive result. The decreased spacing
of nulls brings them closer together, which is also an accept-
able result. But now there’s a second angle, in this case at -70°,
where there’s full array gain. This is a most unfortunate result.
This replica of antenna gain is defined as a grating lobe and
can be considered spatial aliasing.

ANALOGY TO SAMPLED SYSTEMS

An analogy useful in visualizing grating lobes is to think
of aliasing in a sampled system. In an analog-to-digital con-
verter (ADC), undersampling is often used when frequency-
planning a receiver architecture. Undersampling involves pur-
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1. This plot illustrates the normalized array factor of a 32-element
linear array at two different d/A spacings.

posefully reducing the sample rate (fS) such that the sampling
process translates frequencies above £S/2 (the higher Nyquist
zones) to appear as aliases in the first Nyquist zone. This
causes those higher frequencies to appear as if they were at a
lower frequency at the output of the ADC.

A similar analogy can be considered in phased arrays, where
the elements spatially sample the wavefront. The Nyquist the-
orem can be extended to the spatial domain if we suggest that
two samples—that is, elements—per wavelength are required
to avoid aliasing. Therefore, if the element spacing is greater
than A/2, we can consider this spatial aliasing.

CALCULATING WHERE GRATING LOBES APPEAR

But where will these spatial aliases (grating lobes) appear?
Previously, we showed the phase shift applied to the elements
across the array as a function of beam angle:

NOVEMBER 2020 MICROWAVES & RF



0 IMS

Connecting Minds. Exchanging Ideas.

6 _1 1 IEEE MTT-S
International
JUNE Microwave

2021 Symposium
Atlanta, Georgia

ONN Y.


http://ims-ieee.org/ims2021

Grating Lobes

2ndsint (1)
A

Inversely, we can compute the beam angle as a function of
phase shift:

AD =

e (AR A
G—arcsm(z,m X d) (2)

The arcsin function only produces real solutions for argu-
ments between -1 and +1. Outside of these bounds, the solu-
tion isn’t real—the familiar “4NUM!” in spreadsheet software.
Also note that the phase in Equation 2 is periodic and repeats
every 2m. So, we could replace A® with (m x 21 + A®) in the
beamsteering equation to yield Equation 3:

[mx2n+ AD A
O=arcsin|——_— X 3)
2n d
wherem =0, +1,+2, ...
To avoid grating lobes, our goal is to obtain a single real
solution. Mathematically, this is accomplished by keeping:
‘m x2n+AD A

2n x| >1forallm=>1 (4)

If we do so, then all of the spatial images (that is, m = +1,
12, etc.) will produce nonreal arcsin results, and we can ignore
them. But if we can’t do this, and therefore some values of m
> 0 produce real arcsin results, then we end up with multiple
solutions: grating lobes (Fig. 2).

GRATING LOBES FORd >AAND A =0°

Here are some examples to better illustrate this scenario.
First, consider the case at mechanical boresight where 6 = 0,
and therefore A® = 0. Then Equation 3 simplifies to Equa-
tion 5:

0 = arcsin (m x ;) Jor AD=0  (5)

From this simplification, it’s evident that if A/d is > 1, then
only m = 0 could give an argument that’s bounded between -1
and +1. And that argument will just be 0, and the arcsin(0) =
0°, the mechanical boresight angle. So, this is all as we would
expect. Furthermore, for any m > 1, the arcsin argument will
be too large (>1) and the resulting answer will not be real. We
will see no grating lobes for 8 =0 and d < \!

However, if d > \ (therefore, A/d is <1), then multiple solu-
tions—grating lobes—could exist. For example, if A/d = 0.66
(that is, d = 1.5)\), then real arcsin solutions would exist for m
=0 and for m = £1. That m = +1 is the second solution, which
is the spatial aliasing of the desired signal. Therefore, we can
expect to see three main lobes, each with approximately equal
amplitude, located at arcsin(0 x 0.66), arcsin(1 x 0.66), and
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Not Real y

2n Not Real

y =arcsin (x)

\Y/

b x
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[
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Periodic
Solutions

-n

8 =arcsin (m %). forAd =0

So for Example: A/d = 0.66
0 = Actual Lobe

X =Grating Lobes

m =% 1Lobes Fall Within Allowed Area
m=% 2 Lobes Fall in Nonreal Area
(Thatls, y =m/2-i=0.78)

2. Shown is the arcsin function application to grating lobes.

arcsin(-1 x 0.66). In degrees, these angles are 0° and +41.3°. In
fact, this is what our array factor plot shows in Figure 3.

GRATING LOBES FORA/2<d <A

In simplifying the grating-lobe equation (Equation 5), we
chose to only look at mechanical boresight (A® = 0). And we
saw that, at mechanical boresight, grating lobes would not
appear for d < A. But from our analogy of sampling theory, we
know that we should also expect to see some kind of grating
lobe for any spacing greater than A/2. So where are the grating
lobes for /2 <d <A?

First, recall how the phase changed with steering angle in
Figure 4 from Part 1 of this article series (July 2020 Microwaves
& RF). We saw A® range from 0 to +m as the main lobe devi-
ated from mechanical boresight. Therefore:

m % 2m + AD

A (6)
on *d

will range:

from 0 to (iO.S % %) Jorm =10 (7)

And for |m| = 1, it will always be something beyond:
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Grating Lobes

+05 X% ®)

This restricts the minimum permissible A/d if we want to
keep the entire arcsin argument > 1 for all |m| > 1. Consider
two cases:

If A/d = 2 (that is, d < A\/2), then you could never have mul-
tiple solutions, regardless of the value of m. All m > 0 solutions
will result in an arcsin argument > 1. This is the only way to
avoid grating lobes to the horizon.

But if we purposefully restricted A® to something less than
+7, then we could tolerate a smaller A/d and still not see grat-
inglobes. Reducing the range of A® means reducing the maxi-
mum steering angle of our array. It’s an interesting tradeoff
that will be explored in the next section..

ELEMENT SPACING CONSIDERATIONS

Should the element spacing always be less than A/2? Not
necessarily! This becomes a tradeoff for the antenna designer
to consider. If the beam is steered completely to the horizon,
then 0 = £90°, and an element spacing of A/2 is required (if
no grating lobes are allowed in the visible hemisphere). But in
practice, the maximum achievable steering angle is always less
than 90°. This is due to the element factor and other degrada-
tions at large steering angles.

From the arcsin figure (Fig. 2, again), we can see that if the y
axis, 6, is restricted to a reduced limit, then grating lobes only
occur at scan angles that aren’t used anyway. What would this
reduced limit (Bmax) be for a given element spacing (dmax)?
We had said previously that our goal is to keep:

mx*x2n+AQ 4
B T >1 forall m| > 1 (©))

We can use this to calculate where our first grating lobe (m
=+1) would appear. Making this change, and using Equation 1
from Part 1 for A®, gives:

4] x2m+ 275dmaxjf-.”9max
Ao -1 (o
2n dmax
Which simplifies to:
FA+paxSTNOmax = dmax (11)
Then solving for dmax:
A
Amax = | Jor Oy from 0 to £0/2  (12)

1 + [$in6 gy

This dmax is the condition for no grating lobes in the
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3. An array factor plot at boresight for d/A = 1.5, N = 8 shows three
main lobes at angles of 0° and +41.3°.
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4. Grating lobes begin to appear at the horizon for 6 = 50°, N = 32,
d =17 mm, and ® = 10 GHz.

reduced scan angle (6max), where Omax is less than 1/2 (90°).
For example, if the signal frequency is 10 GHz and we need to
steer £50° without grating lobes, then, as Figure 4 shows, the
maximum element spacing is:

S (X 109/(10 X 109)
max 1 + sin(50°)

=17mm (13)
Thus, restricting the maximum scan angle brings a free-
dom to extend the element spacing to increase the physi-
cal size per channel as well as extend the aperture for a
given number of elements. An example application that
could exploit this phenomenon is for an antenna assigned
to a narrow, predefined direction. The element gain can
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be increased for directivity in the predefined direction; the
element spacing also can be increased for a larger aperture.
Both result in larger overall antenna gain within the nar-
rowed beam angle.

Note that Equation 3 indicates a maximum spacing of one
wavelength, even for zero steering angle. This is the case if
grating lobes can’t be tolerated in the visible hemisphere. In
the case of a GEO satellite, for example, the entire Earth is
covered with a steering angle of 9° from mechanical boresight.
It may be the case that grating lobes can be tolerated, if they
don’t land on the Earth’s surface. In such a case, the element
spacing may be several wavelengths, resulting in even more
narrow beamwidths.

Also worth noting are antenna architectures that attempt
to overcome the grating-lobe problem by producing a non-
uniform element spacing. These are categorized as aperi-
odic arrays, with spiral arrays as an example. For mechanical
antenna construction reasons, it may be desirable to have a

common building block that can be scaled to a larger array,
but this would produce a uniform array that’s subject to the
grating-lobe conditions described. [

PETER DELOS is Technical Lead and BOB BROUGHTON is Di-
rector of Engineering for Analog Devices’ Aerospace and Defense
Group; JON KRAFT is Senior Staff Field Applications Engineer at
Analog Devices.
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New Products

Bias Tee Energizes 1.5 to 28.5 GHz

Mini-Circuits’ model MBT-283 is a 50-Q MMIC bias
tee with high RF-to-dc isolation and low insertion loss
from 1.5 to 28.5 GHz. Supplied in a surface-mount-

technology (SMT) MCLP housing measuring 3.5 x 2.5 mm

with 16-lead contacts, the RoHS-compliant bias tee is a good fit
for match biasing amplifiers and laser diodes. It features typical isolation of 47 dB, typical insertion loss of 0.7 dB, and
20-dB typical return loss across the full frequency range. It can handle as much as 1 W (+30 dBm) of RF power and as

much as 500 mA of dc current at +35 V dc.

MINI-CIRCUITS, https://www.minicircuits.com/WebStore/dashboard.html?model=MBT-283%2B

SP6T Switch Matrix Channels DC to 50 GHz

Mini-Circuits’ model RC-1SP6T-50 is an electromechanical single-
pole, six-throw (SP6T) switch matrix with wide bandwidth of dc to 50
GHz. Well suited for automated-test-equipment (ATE) and system
applications, the RoHS-compliant switch features a break-before-
make configuration to prevent accidental connections. The switch,
controllable by USB or Ethernet interface, maintains low insertion
loss across a wide frequency range, typically 0.2 dB from dc to 18
GHz, 0.3 dB from 18 to 40 GHz, and 0.4 dB from 40 to 50 GHz.

Isolation between ports is typically 60 dB from dc to 18 GHz and 50 dB or more from 18 to 50 GHz. The switch is well
matched to 50 Q, with typical VSWR of 1.20:1 from dc to 18 GHz, 1.30:1 from 18.0 to 26.5 GHz, and 1.60:1 from 26.5
t0 50.0 GHz. The SP6T switch matrix measures 6.00 x 5.50 x 2.75in. (1562.40 x 139.70 x 69.85 mm) with female 2.4-
mm RF connectors. It is designed for typical cold switching power of 20 W to 18.0 GHz, 10 W to 26.5 GHz, and 3 W to
50 GHz and built for high reliability, rated for 2 million typical switching cycles.

MINI-CIRCUITS, https://www.minicircuits.com/WebStore/dashboard.html?model=RC-1SP6T-50
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New Products

Spectrum Analyzers Feature VNA Measurement Mode

RIGOL Technologies’ new RSA3000N and RSA5000N spectrum analyzers
extend the flexibility and capability of the company’s UltraReal platform with
a new vector-network-analyzer (VNA) measurement mode. The instruments
deliver the same performance specifications and feature set as the current RSA
models but add the VNA capability as a standard feature. With integrated Smith
charts, polar charts, reflection coefficient, impedance, insertion loss, frequency
response, and a host of other measurements, the RIGOL UltraReal Spectrum
Analyzer becomes a fully functional VNA. Supporting S+4, So4, and distance-
to-fault analysis, the RSA5000N and RSAS000N provide a valuable resource to
engineers needing to tune antenna sets, search for communication and cable
faults, or fully characterize their active or passive RF components. Prices start at $2,299 for a 1.5-GHz RSA3000N and
at $8,999 for a 6.5-GHz RSA5000N model.

RIGOL TECHNOLOGIES, www.rigolna.com

Edge-Computing Platform Integrates CPU, Storage, and Networking

ADLINK Technology recently announced its collaboration with Intel to produce
the MECS-6110 edge-computing system for Universal Customer Premise
Equipment (UCPE). This general-purpose platform integrates compute, storage,
and networking on a server. The MECS-6110 is outfitted with a single Intel Xeon
D-2100 14-core processor, four DDR4 RAM slots, two SATA drive bays, and
three M.2 slots. It also features a pair of PCle x16 Gen 3 FHFL expansion slots
and provides all I/O connection options on the front of the rack for easy access.

ADLINK TECHNOLOGY, www.adlinktech.com

COM Express Module Puts Server-Level Performance in the Field

Eurotech recently launched its CPU-162-23, a COM Express Type 7 module, which is
outfitted with Intel’s Xeon/Pentium D-1500 processors and supports up to four DDR4
SO-DIMM modules with 64 GB of RAM. The module is designed for rugged and HPEC
applications and comes equipped with a myriad of interfaces, including up to 32 PCle
lanes, and two 10-Gb/s and one 10/100/1000-Mb/s Ethernet ports. It also offers two
SATA 3.0, four USB 8.0, and four USB 2.0 ports. Eurotech states the CPU-162-23 COM
Express Type 7 Module is a reliable platform for industrial and transportation applications
and is designed to deliver supercomputer processing and data-center networking to the edge.

EUROTECH, www.eurotech.com

System Tests RF-over-Fiber Links for EMC/EMP Sturdiness

PPM Test has released its Sentinel 3 test and measurement system for a myriad
of applications, including EMC conformance, HIRF aircraft clearance, simulated
lightning testing, and more. The system offers five Tx8 transmitters and a
chassis Rx6 receiver, which can accept up to six single or dual receiver modules.
The platform features three modes: a low-noise mode, a high-power mode, and
a high-impedance mode with increased sensitivity; lower test field strength; and
reduced ERP. The Sentinel 3 comes outfitted with a touchscreen with a system
controller that provides remote gain control, remote power up/down of transmitters, automatic unit detection, self-test,
and more.

PPM TEST, www.ppmtest.com/products
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Micro Lambda's Bench Test Boxes...
Simple and Easy to Use!

MLBS-Synthesizer Test Box - 2 to 20 GHz
Standard models cover the 2 to 8 GHz, 8 to 20 GHz

and 2 to 20 GHz frequency bands. Tuning consists of a
control knob, key pad, USB and Ethernet connections.
Units provide +10 dBm to +13 dBm output power levels
and either 30 dB or 60 dB of power leveling is available.
Units are specified over the lab environment of +15°C
to +55°C, are CE certified and LabVIEW compatible.

Units are provided with a power cord, USB cable,
Ethernet cable, CD incorporating a users manual, quick
start guide and PC interface software.

MLBF-Filter Test Box - 500 MHz to 50 GHz
Standard models utilize any Bandpass or Bandreject
filter manufactured by Micro Lambda today. Bandpass
filter models cover 500 MHz to 50 GHz and are
available in 4, 6 and 7 stage configurations. Bandreject
(notch) filter models cover 500 MHz to 20 GHz and are
available in 10, 12, 14 and 16 stage configurations.
Units are specified to operate over the lab environment
of +15°Cto +55°C, are CE certified and LabVIEW
compatible.

Units are provided with a power cord, USB cable,
Ethernet cable, CD incorporating a users manual, quick
start guide and PC interface software.

See our complete line of wideband, low noise components

MLUN-series

www.microlambdawireless.com
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DC TO 50 GHZ

Test Solutions

Components, Systems and Accessories

User-Assembled

Leverage our wide selection
of in stock components for
total flexibility to build your
own system. We'll help you
choose the right hardware.
You take it from there.

Pre-Built Modular

Configure our flexible,
pre-built modular chassis
structures with your choice
of routing and attenuation
hardware for delivery as fast
as two weeks. Plug and play
GUI and APl included.

Custom Systems

Put our full design and
manufacturing capability to
work for you to build complex
custom systems with bespoke
control software tailored to

your unique test setup—scalable
from design to production.
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