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QUANTUM COMPUTING

Take Control.

Partner with us to help make your quantum
computing concept a realit

Spectrum Control Cryo Attenuators, tested to 4mK; operating frequencies from DC to 40 GHz.
Proprietary thin film technology for surface mount and coaxial applications.

Learn more at spectrumcontrol.com/cryo
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Qorvo’ offers customers the most advanced combination of power and performance with its industry leading GaN
power amplifiers and its new portfolio of high-performance GaAs MMICs that cover the entire RF signal chain.
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power the world around us.
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KYOCERA AVX extends testing capabilities by implementing a new fully
MVG (Satimo) 4X4 meter chamber capable of testing wireless devices
from 400 MHz to 18 GHz. The chamber is complied with CTIA OTA
requirements.

This new addition to our San Diego location testing capabilities,
combined with the mmWave chamber, allows KYOCERA AVX to
measure all frequency bands from 400 MHz to 110GHz, covering the
whole range of Satellite Communication frequencies (e.g. 400MHz for
loT Satellite or Ka/Ku bands for LEO applications).
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SSG-30G-RC

30 GHz Sig Gen

A Quality, Affordable High-Frequency
Source for Your Test Bench

Features Common Applications
10 MHz to 30 GHz, -47 to +23 dBm 5G FR2 bands n257, n258 and n261
Sweep and hop over frequency and power K and Ku band radar
Fine resolution: 0.1 to 0.2 Hz, 0.1 to 0.5 dB Wideband LO source
Pulse modulation with 0.5 ps pulse width Microwave and mmWave radio testing
Model Number Description Freq. Range (MHz)
SSG-15G-RC* Signal Generator 10-15000
FX-30G-RC* Frequency Extender for SSG-15G-RC 10-30000
SSG-6001RC Signal Generator 1-6000
SSG-6000RC Signal Generator 25-6000

*SSG-30G-RC comes as a kit including SSG-15G-RC signal generator, - = - - M
FX-30G-RC frequency extender and all required accessories. m Ml“l'leCUltS
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Eravant was founded in 2011 as SAGE Millimeter, Inc. by two veterans of the millimeter wave
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U.S-owned, and ITAR-registered.
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INVITED PAPER

A Quasioptic OTA Transmission
at 285 GHz with 30 GHz

Bandwidth

Greg Jue

Keysight Technologies, Santa Rosa, Calif.

6G aims to be the first generation of wireless technology to improve the quality of human life
by bridging the physical, digital and mechanical worlds. Accomplishing this will mean adding
artificial intelligence to networks to make them more efficient and building high fidelity digital
twins. It will also require expanding spectrum use and building upon network architectures like
non-terrestrial networks and highly virtualized disaggregated networks that began in 5G.

For 6G to meet these goals, the spectrum allotted for wireless communications needs to be
used more efficiently and new spectrum needs to be studied. Without expanding into new
spectrum bands, it will be impossible to meet the high data throughput needs of applications
like immersive telepresence, virtual reality and extended reality.

EXPLORING NEW SPECTRUM
FOR 6G HIGH DATA
THROUGHPUT RATES
he 220 to 330 GHz sub-
Hz frequency band can
potentially use extremely
wide swaths of contiguous
spectrum. Although this spectrum
could help increase data through-
put, there will be significant RF and
baseband challenges when using
these extreme bandwidths. From
an RF perspective, the achievable
system performance is uncertain at
such high frequencies and with such
extreme bandwidths. As bandwidths
increase with higher frequencies,
the signal-to-noise ratio (SNR) de-
creases. Channel impairments, along
with linear hardware amplitude and
phase impairments, become signifi-
cant compared with narrow band-
width systems. Robust channel es-
timation and equalization become

20

increasingly challenging in low SNR
environments with significant chan-
nel impairments. Waveform qual-
ity decreases, limiting or precluding
the use of higher-order modulation
schemes. Overcoming free space
path loss to maintain sufficient SNR
for adequate link budget perfor-
mance requires high gain, high di-
rectivity antennas such as phased
array antennas or other techniques.
From a baseband perspective,
channel estimation and equaliza-
tion become increasingly complex
for robust performance in low SNR
scenarios. Receiver baseband al-
gorithm implementations become
challenging because of the higher
sample rates needed to support ex-
treme RF modulation bandwidths.
Baseband resource parallelization
increases to support high sample
rates, quickly consuming baseband
resources. At the same time, more

robust and complex algorithms are
necessary to perform channel esti-
mation and equalization in low SNR
scenarios over extreme bandwidths.
Sub-THz performance in the 220
to 330 GHz frequency band is rela-
tively uncharted territory. There is
limited availability of commercial
off-the-shelf (COTS) hardware in this
frequency band for early measure-
ments. Relatively few publications
show system-level RF performance,
such as error vector magnitude (EVM)
in this frequency band over wide or
extreme modulation bandwidths.
This article presents two case
studies to provide insight into sys-

tem performance for the 220 to 330

GHz frequency band:

* Conducted EVM measure-
ments provide insight into un-
derstanding what level of EVM
performance is achievable over
wide bandwidths with low SNR.
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RLC has the exact solution
vou’re looking for.

RLC Electronics manufactures a complete range
of RF switches including coaxial in the frequency
range from DC to 65 GHz and rectangular or
double ridge waveguide. The operating modes on
all designs are failsafe, latching and manual.

B SPDT to SP12T
B Transfer

H Low VSWR

B High Isolation

Control options are DC voltages as low as 5V, TTL,
BCD, RS232, and RS422. All switches have
excellent repeatability and lifetimes in excess of
one million operations. Many types are QPL listed
per MIL-DTL-3928.

B Low Insertion Loss

B High Power

B Low Passive Intermodulation

B Surface Mount Options

For more detailed information on coaxial and waveguide switches, visit our web site.

RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549 ¢ Tel: 914.241.1334 ¢ Fax: 914.241.1753

E-mail: sales@rlcelectronics.com e www.rlcelectronics.com

RLC is your complete microwave component source...

= &

Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.



CoverFeature

EVM measurements are per-
formed with up to 30 GHz of
occupied bandwidth, which cor-
responds to a bandwidth where
data throughput approaches 100
Gbps for a single stream of data.’
6G applications will involve over-
the-air (OTA) transmissions, but
first performing conducted EVM
measurements yields insights
into best-case performance.

* OTAEVM measurements provide
insight into understanding what
level of OTA EVM performance
is achievable over transmission
distances. This article looks at a
case study using quasioptic tech-
niques for an OTA point-to-point
transmission at 285 GHz with 30
GHz occupied bandwidth over a
distance of 26.5 ft. (8 m) and dis-
cusses key findings.

GAIN INSIGHT WITH
CONDUCTED EVM
MEASUREMENTS

For this section, the Keysight sub-
THz test bed shown in Figure 1 was
used to perform conducted EVM

® 400 MHz signal bandwidth
¢ Analog / digital modulation

e 12 MSa internal memory,
playback of modulation signals

¢ Fast and phase coherent
switching (<1 us)

KEYSIGHT

TECHNOLOGIES

A Fig. 1 Sub-THz test bed for 220 to
330 GHz. . .
measurements with waveguide con-

nected to waveguide.

Test Bed Overview

The M8199A 128 GSa/s four-
channel arbitrary waveform gen-
erator (AWG) generates wide band-
width modulated IF signals. The
M8199A AWG has an analog 3 dB
bandwidth of 65 GHz. A Virginia Di-
odes Inc. (VDI) compact WR3.4 up-
converter (N9029ACST-U03) con-
verts the IF from the M8199A AWG
to the desired sub-THz frequency.
This up-converter uses a multiplica-
tion factor of either 6 or 12 for the
local oscillator (LO) frequency (x12
version shown in this picture). An

¢ Low phase noise: -145 dBc/Hz

(20 kHz from 1 GHz)

e Fast Control Port for data

streaming and parameter setting

e Applications: Wireless com.,

gquantum computing, radar, EW,

ACCURATE RELIABLE AFFORDABLE

ml\nﬁivc:

of Switzerland

For Non-US Customers:
+41 44 4400050
rfsales@anapico.com
WWWw.anapico.com

22

For US Customers:
800-234-7858
rfsales@berkeleynucleonics.com
www.berkeleynucleonics.com

E8257D PSG analog signal genera-
tor with option UNY provides a low
phase noise LO for the VDI up-con-
verter and down-converter. A VDI-
Erickson PM5B power meter with
WR3.4 waveguide taper is used for
power measurements.

On the receive side, a VDI
compact WR3.4 down-converter
(N9029ACST-DO03) converts the sub-
THz frequency to an intermediate
frequency (IF), using a multiplication
factor of either 6 or 12 for the LO
frequency (x12 version shown in this
picture). A high performance 110
GHz, four-channel UXR oscilloscope
digitizes the IF signal. This UXR has
a sample rate of 256 GSPS for each
of the four channels.

This test setup uses either a VDI
WR3.4 302 to 318 GHz waveguide
bandpass filter or a VDI WR3.4 270
GHz high-pass filter for wider mod-
ulation bandwidth test cases.

Configure A 30 GHz Bandwidth
Case For High Data Throughput

The symbol rate was set to 25
Gsps, which corresponds to a band-
width where the theoretical raw calcu-
lated data rate approaches 100 Gbps
without forward error correction (FEC)
coding rate redundancy. This data rate
arises from 25 G symbols per second
multiplied by four bits per symbol for
16-QAM modulation, resulting in 100
Gbps for a single stream of data. The
occupied bandwidth for this case is 25
Gsps x 1.22, with 0.22 root raised co-
sine alpha, resulting in 30.5 GHz. The
actual data throughput was calculated
to be 97 Gbps without FEC coding
rate redundancy, using only the data
payload symbols and excluding the
symbols from the sync, SFD, CES,
frame header and idle segments.

To improve the image suppres-
sion of the undesired lower image
with the VDI 270 GHz high-pass fil-
ter, the M8199A IF was increased
from 16 to 25 GHz. This higher IF
improves the undesired lower im-
age rejection by moving the unde-
sired lower image spacing farther
away from the desired upper im-
age by 2 x IF or 50 GHz instead
of 32 GHz using a 16 GHz IF. The
undesired image occurs lower in
frequency, where the high-pass filter
skirt provides more rejection. The
LO rejection also improved with a
260 GHz final LO with the 25 GHz
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IF (25 GHz IF + 260 GHz LO = 285
GHz) instead of 269 GHz final LO
(16 GHz IF + 269 GHz = 285 GHz2).
The LO feedthrough occurs lower in
frequency, where the high-pass filter
provides more rejection.

Figure 2 shows the VSA Flex
Frame demodulation results, using
a 25 GHz IF with the VDI compact
WR3.4 up-converter and down-
converter with an LO multiplication
factor of 12. An external IF amplifier
used on the VDI down-converter
output increases the IF signal level
into the UXR.

The conducted demodulation re-
sults using VSA Flex Frame show the
measured 16-QAM constellation in
trace A and the measured spectrum
at 285 GHz in trace B. The blue-shad-
ed region of trace B in the spectrum

measures the occupied bandwidth
of 30.5 GHz. Trace C shows the re-
sidual composite EVM measurement
of 5.89 percent. Trace D, at the bot-
tom, shows the Flex Frame summary
for the sync, SFD, CES, frame header
and data payload frame allocations.

Gain Insight With OTA
Measurements

The Keysight sub-THz test bed
was used to investigate an OTA
measurement at 285 GHz with 30
GHz bandwidth for a point-to-point
transmission approaching 100 Gbps,
transmitting over a distance of 26.5
ft. (8 m). High gain, high directivity
antennas such as phased array an-
tennas are necessary to overcome
free space path loss. However, this
was not possible because a 220 to

[ ——

e o Sl ety (1SS V3

330 GHz phased ar-
ray antenna was not
available at the time
of this experiment.
Instead, quasioptic
techniques  were
investigated  using
COTS lenses with
performance speci-
fied to 220 GHz.
For this experi-
ment, the test bed
was split between
a transmit section
and a receive sec-
tion. The transmit
side of the test set-

A Fig. 2 VSA Flex Frame demodulation results at 285 GHz for up in Figure 3 con-

30 GHz bandwidth signal.

sists of the M8199A

AWG to generate the 25 GHz IF
signal.

An E8267D PSG signal genera-
tor with option UNY provides a low
phase noise LO at 21.666 GHz for
the VDI up-converter. A VDI com-
pact WR3.4 up-converter converts
the 25 GHz IF from the M8199A
AWG to 285 GHz using a multiplica-
tion factor of 12 (21.666 GHz x 12 =
260 GHz). The VDI WR3.4 270 GHz
high-pass filter rejects the lower
undesired image (260 GHz LO - 25
GHz IF = 235 GHz) while passing
the desired image (25 GHz IF + 260
GHz LO = 285 GHz). The 285 GHz
signal passes through a VDI WR3.4
amplifier and is then transmitted
OTA with a VDI WR3.4 diagonal
horn antenna.

220 to 330 GHz lenses were not
available at the time of this experi-
ment, so 6-in. lenses were removed
from a COTS G-Band Gaussian op-
tics antenna assembly and 3D-print-
ed fixtures were designed to mount
the lenses to a track. A 3D-printed
fixture was designed to mount the
VDI converters, with careful consid-
eration to align the center of the
WR3.4 diagonal horn antenna with
the center of the lens. Horizontal
track mounts with hand brakes allow
spacing adjustments between the
diagonal horn antenna and the lens
on the transmit and receive sides of
the test setup.
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A Fig. 3 OTA quasioptic transmission at 285 GHz with 30 GHz
bandwidth, transmit side.

QUASIOPTIC OTA TRANSMISSION

Figure 4 shows the concept of using lenses for
quasioptic transmission. The radiating element of the
transmitting source, a diagonal feed horn antenna sits
at a distance Z;, from the lens, the quasioptical focusing
element. A beam waist, which is the minimum in the
beam radius, occurs at distance Z; from the lens. The
beam begins to diverge beyond the beam waist at Z;.
A more rigorous description of quasioptic systems can
be found in Quasioptical Systems: Gaussian Beam Qua-
sioptical Propagation and Applications.2

Quasioptic OTA Signal Analysis At 285 GHz With 30
GHz Bandwidth

The receive side of the test setup in Figure 5 shows
the receive lens, followed by a VDI WR3.4 diagonal horn
antenna attached to the VDI compact WR3.4 down-con-
verter. The final spacing between the transmit and re-
ceive lenses was 26.5 ft. (8 m) lens-to-lens spacing. Mea-
surements for intermediate spacings from 3 to 13 ft. were
also performed incrementally to achieve the final spac-
ing. The E8257D PSG analog signal generator with op-
tion UNY provides
a low phase noise
LO at 21.666 GHz
for the VDI down-

Zy Zy Z; Zo

-
Source Receiver
Beam Waist converter. The

A Fig. 4 Quasioptic transmission, E8257D PSG 10
assuming the same lenses and feed horns MHz external ref-
for the source and receiver. erence is locked

B il
-

A Fig. 5 OTA quasioptic transmission at 285 GHz with 30 GHz
bandwidth, receive side.

L O —— - o

A Fig. 6 VSA Flex Frame demodulation results for quasioptic
transmission at 285 GHz with 30 GHz bandwidth.

to the E8267D PSG 10 MHz reference output on the
transmit side. The 285 GHz signal is down-converted to
a 25 GHz IF (285 GHz RF - 260 GHz LO = 25 GHz IF).
The 25 GHz IF is amplified by an external IF ampilifier,
then digitized with a UXR four-channel high performance
110 GHz oscilloscope and demodulated using VSA Flex
Frame software. The UXR 10 MHz external reference is
locked to the two PSGs. A laser source mounted on the
receive track performs the initial alignment of the receive
lens with the transmit lens. Power measurements used an
N1913PM5B VDI-Erickson power meter with the WR3.4
diagonal horn antenna connected to the sensor head
and WR3.4 waveguide taper.

Figure 6 displays the OTA demodulation results us-

Instruments Corporation
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Accel-RF is the World Leader in
Compound Semiconductor Reliability Testing!

26

MW]JOURNAL.COM m MARCH 2023



Your Preferred Microwave and mmWave

mbdu/es Supplier, DC-220GHz

Need Super-Broadband Amplifier modules?
We have them In stock.

v' Frequency 10MHz to 26.5/43.5/50/70GHz
v Gain from 10 to 60dB

¥4 Output Power from 0dBm to +33dBm

v SMA;2.92mm, 2.4mm and 1.85mm

Shangha/ A T M/crowa ve L/m/ted

Tel: +86- 21 6229 1233
Email: sales@atmicrowave.com

WWW.atmicrowave.com



CoverfFeature

ing VSA Flex Frame, showing the
measured 16-QAM constellation
and measured spectrum at 285 GHz
on the upper traces in trace A and
trace B. For the OTA measurement,
the Flex Frame normalized chan-
nel delay spread increased relative
to the conducted case to address
increased OTA channel delay. The
blue-shaded region of the spectrum
shown in trace B measures the oc-
cupied bandwidth of 30.5 GHz
Trace C shows the composite EVM
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measurement of 9.2 percent. The
lower trace, trace D, shows the VSA
Flex Frame summary for the sync,
SFD, CES, frame header and data
payload frame allocations.
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adds data payload to perform chan-
nel estimation with pilots, preamble
and data payload symbols, minimiz-
ing EVM over the specified number
of symbols in the result length field.

Changing the number of data
payload symbols included in the
EVM measurement impacts com-
posite EVM. The least mean square
(LMS) equalizer attempts to mini-
mize the EVM over the number of
symbols specified, which is 8000
for this measurement. Symbols are
noisy because of low SNR over the
30 GHz bandwidth, so the LMS
equalizer algorithm has a more diffi-
cult estimation process as the num-
ber of symbols increases.

SUMMARY

The 220 to 330 GHz frequency
band is relatively uncharted terri-
tory and there are many unknowns
in understanding what level of sys-
tem performance is achievable.
Few publications show system-level
RF performance, such as EVM in
this band with 30 GHz bandwidth.
The results shown here illustrate
the achievable system-level per-
formance and key challenges. This
article presents two examples to
increase insight into the achievable
system performance in the 220 to
330 GHz frequency band:

e Conducted EVM measurements
with up to 30 GHz of occupied
bandwidth for the 220 to 330
GHz frequency band provide in-
sight into the best-case achiev-
able EVM performance.

* Quasioptic techniques for an
OTA point-to-point transmission
at 285 GHz with 30 GHz occupied
bandwidth provide insight into
the achievable OTA transmission
distance. A distance of 26.5 ft. (8
m) was achieved, as shown in a
video demo of this test setup.> B
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OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. re% GH  Gain @) MIN  Noise Figure (dB)  Power-out@Pp1d8  3rd OrderICP VSWR
CA01-2110 2 . , 0. + +20 dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1
CA24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +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
CA1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPI.IFIERS
CAOT-2111 0.4-05 28 0.6 MAX, 0.4 TY +10 M +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 12-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA23-3111 2.2-24 30 0.6 MAX,'0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 2.7-29 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 5 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dm  2.0:1
CA34-6116 3.1-35 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA1213-7110 12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
CA1415-7110 14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
CA1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz)  Gain (d8) MIN Nmse Flgure @)  Powerout@pid 3rd Order ICP VSWR
CA0102-3111 0.1-2.0 28 1. 1.2 TYP +10 MIN +20dBm  2.0:1
CA0T06-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1 —
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1 ——
CA02-3112 0.5-2.0 36 45 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1 ——
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1
(A26-4114 2.0-6.0 22 5.0 MAX. 3.5 TYP +30 MIN +40dBm  2.0:1 —
CA618-4112 6.0-18.0 25 5.0 MAX 3.5 TYP +23 MIN +33dBm  2.0:1 =
(A618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1 =
(A218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1 ——
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34dBm  2.0:1
LIMITING AMPLIFIERS
Model No. Freq 6tz  Input Dynamic Range Ourput Power Ru e Psat  Power Flatness dB  VSWR —
(LA24-4001 2.0-4.0 -28 10 +10 dBm +7 10 +1 + 2.0:1
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +1 8 dBm +/ 1.5 MAX 2.0:1
(LA712-5001 7.0-12.4  -21 1o +10 dBm +14 to +19 dBm +/-1.5 MAX 2.0:1 =
(LA618-1201  6.0-18.0  -50 fo +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freg (6Hz)  Gain (@8) MIN  Noise Figure (@)  Power-out@pid8 Gain Attenuation Range VSWR
CAOOT-25TTA  0.025-0.150 21 5E h +12 30 dB MIN 2.0:1
CA05-3110A 0.55.5 73 25 MAX, T.5TYP +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 25 MAX 15TYP +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25 MAX T.5TYP +12 MIN 15 dB MIN 1.9:1
CA13154110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20 dB MIN 1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (6Hz)  Gain @) 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 +20dBm  2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1 ;
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1 ]
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:1
CA004-3112 0.014.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1 "
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Chilling Effect on Stacked Chips Could
Ignite Computing at the Edge

s the future of microsystems technology

converges around 3D heterogeneous inte-

gration (3HDI) microelectronics, the scien-
tists, researchers and engineers working to advance
the state-of-the-art, including at DARPA, are arriving at
the same challenge: how can we pack the maximum
computing into the smallest-possible space, and how
can we manage the heat inherently generated by high-
powered processing, especially in such a small space?

There's increasing recognition that 3DHI, which inte-
grates different circuit types and materials in a 3D stack
of tiers, promises tremendous performance advantag-
es. However, thermal management technologies cur-
rently limit implementation. While stacking chips will be
a critical part of the future of computing, challenges in
dissipating the heat of internal processing components
remains a barrier to significant progress.

“This is a key problem that we'll be trying to address,
developing cooling technologies that will enable the 3DHI
systems that are absolutely the key direction for contin-
ued growth in microelectronics,” said Dr. Yogendra Joshi,
program manager of DARPAs newly announced Minia-
ture Integrated Thermal Management Systems for 3D
Heterogeneous Integration (MiniTherms3D) program. “In
any high-functional computing system, particularly as you
make them more compact, there is heat you must get rid
of. In a stack today, heat is transmitted to the top and/
or bottom, transported away and ultimately rejected, typi-
cally to ambient air. High-powered 3D stacks are not cur-
rently possible because the interior temperatures would
become unacceptably high and exterior heat rejection
systems would be unacceptably large.”

Dr. Joshi likened the stacks to high-rise buildings in
which one floor is stacked on top of the other. The new
cooling technology would enable cooling not just on
the top and bottom floors, but throughout every floor
of the “building.”

IMSC Task Force Completes Maritime
Exercise with Unmanned Systems, Al

he International Maritime Security Construct
(IMSC) completed a three-day maritime ex-
ercise in the Arabian Gulf early this year, inte-
grating unmanned systems and artificial intelligence (Al)
during a naval drill for the second time in six months.
IMSC's operational task force, Coalition Task Force
(CTF) Sentinel, completed exercise Sentinel Shield with
U.S. Navy guided-missile destroyer USS Delbert D.
Black (DDG 119) and two Saildrone Explorer uynmanned
surface vessels from U.S. 5th Fleet.

For More
Information
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DefenseNews
Cliff Drubin, Associate Technical Editor | A

“We planned this
exercise to demon-
strate how Al and un-
manned systems ef-
fectively increase CTF
Sentinel's maritime
. domain awareness to
maintain maritime se-
curity in Middle East-
ern waters,” said Roy-
al Saudi Navy Capt.
Alamri  Assem, CTF
Sentinel’s director of
plans.

During the exercise, unmanned and Al systems oper-
ated in conjunction with Delbert D. Black and CTF Sen-
tinel's command center ashore in Bahrain. The systems
were able to help locate and identify objects in nearby
waters and relay visual depictions to watchstanders.

“Saildrones transmitted information on contacts of
interest and our watch officers coordinated with the
destroyer for further monitoring,” said U.S. Navy Capt.
Brian Granger, CTF Sentinel’s deputy commander.

IMSC was formed in July 2019 in response to in-
creased threats to freedom of navigation for merchant
mariners transiting international waters in the Middle
East. IMSC’s operational arm, CTF Sentinel, was estab-
lished four months later to deter state-sponsored ma-
lign activity and reassure the merchant shipping indus-
try in the Bab al-Mandeb and Strait of Hormuz.

; f:."? :“( %

Saildrone (Source: U. S. Navy)

Airbus Launches European Defense Fund
R&D Projects

irbus has launched two defense research and
development projects that it is coordinating
as part of the 2021 European Defense Fund
(EDF). In July 2022, the European Commission selected,
among others, eight collaborative projects that Airbus
is part of, covering different innovative technology ar-
eas. The EDF promotes cooperation among European
companies and research institutes of different sizes and
geographical origin in the EU, strengthening the resil-
iency and strategic autonomy of Europe.

Among the 61 collaborative defense R&T and R&D
projects that were selected and funded with €1.2 bil-
lion, Airbus Defense and Space is coordinating the
European Defense Operational Collaborative Cloud
(EDOCC) project, while Airbus Helicopters is coordinat-
ing the EU Next Generation Rotorcraft Technologies
Project (ENGRT). The contracts for these projects were
signed in December 2022.

EDOCC will create a virtual platform to increase the
interoperability, efficiency and resiliency of military op-
erations, which will strengthen collaborative services on

Visit mwjournal.com for more defense news.
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the battlefield. The project will study, design and con-
ceptually validate the virtual platform and develop the
first version of a services catalog while identifying ap-
propriate standards and technologies for high perfor-
mance and interoperability.

ENGRT will focus on analyzing and understanding
the needs of European armed forces for rotorcraft op-
erations beyond 2030. The project’s partners will study
military rotorcraft concept of operations and define key
technologies needed for future military rotorcraft. Al-
ternative rotorcraft concepts and architectures will be
explored. This project will pave the way for the next
generation of military rotorcraft in Europe.

Northrop Grumman Advances Scaled
Electronic Attack Capability

orthrop Grumman Corporation has success-
fully demonstrated key components of the
company’s future Ultra-Lite Electronic Attack
(EA) Prototype System. The demonstrations were con-
ducted in collaboration with the U.S. Naval Research
Laboratory (NRL) aboard a U.S. Navy Arleigh Burke
class destroyer during the U.S. Navy’s Rim of the Pacific
(RIMPAC) exercise.

& =]
CPIl's X-Band

Solid State RF
Power Amplifier

e Standalone or combined output power available
* Graceful degradation achieved when multiple modules are combined

¢ Excellent MTBF performance

e Built to withstand harsh environmental requirements

Contact the SSPA experts at CPI to upgrade your system:
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CPI's X-band SSPAs are designed for use in the most extreme
conditions and environments, with power levels up to 50 kW.

The Ultra-Lite EA System is a scaled-down, onboard
EA system for anti-ship missile defense of smaller ships.
Multiple EA capabilities that integrated the Northrop
Grumman'’s transceiver technology with NRLs expe-
ditionary EA antenna were successfully demonstrated
over many RIMPAC exercise events.

“This at-sea demonstration proves Northrop Grum-
man’s future low size, weight and power, scaled EA
solution can effectively support U.S. Navy missions,”
said Monta Harrell, director, maritime electronic warfare
advanced solutions, Northrop Grumman. “The lessons
learned from the RIMPAC exercise provide real-world
insights into our low-risk architectural solution for small-
er ships that will revolutionize EA for the U.S. Navy.”
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Four Megatrends for 5G mmWave
Technology in 2023 and Beyond

ontinuous advances in artificial intelligence

and machine learning, edge computing, ro-

botics, loT, Web3 and blockchain technolo-
gies, virtual reality (VR) and augmented reality (AR) and
expanded 5G networks and services are among the
promising highlights of a tumultuous year. 5G is gaining
market traction that will accelerate in 2023 as wireless
carriers expand deployments of networks at mid-band
and increasingly mmWave frequencies. Here are the
four megatrends Movandi believes will shape the future
of 5G:

TREND #1: 5G has arrived and, when paired with
mmWave technology, will begin to transform multiple
industries in 2023.

Trials have consistently demonstrated that mmWave
networks can deliver 5G performance, capacity and val-
ue to end users. Australia, Japan, India and other major
new markets will come online in 2023. These markets
present both economic challenges and huge opportu-
nities to solve technical problems and unlock opportu-
nities. 5G will not be a “one size fits all” market. Rather,
5G deployments will depend on unique areas of focus,
such as fixed wireless access (FWA), network extensions
and indoor/outdoor mobile use cases.

TREND #2: AR/VR and merged reality technologies
will begin to emerge and bring a new focus on 5G net-
works for indoor applications.

According to a Consumerlab report released by
Ericsson, seven out of ten early adopters expect VR/
AR technology to change everyday life fundamentally
in six domains: media, education, work, social interac-
tion, travel and retail. When it comes to mobile VR/AR
platforms, size matters. We will see the rapid evolution
of smaller, lighter and more cost-effective systems for
merged reality applications. For the metaverse and
merged reality to become mainstream, the tremendous
bandwidth potential of 5G mmWave technology is es-
sential to providing much-needed mobility, improving
social experiences and addressing user comfort.

TREND #3: Smart repeater innovation will result in
faster, more cost-effective 5G mmWave deployment.

Smart repeater technologies can dramatically reduce
the complexity of mmWave network deployments while
enhancing the end user experience and greatly reduc-
ing overall deployment costs. Repeaters will extend
their utility beyond mmWave and begin to support mid-
band frequencies. Propagation from outdoor to indoor
environments is challenged in the mid-band, and wide-
spread deployment of smart repeaters will help solve
this challenge.

TREND #4: 5G FWA will make significant advances.

5G FWA platforms based on mmWave technology
will gain traction in the U.S. market as multiple U.S.

For More
Information
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CommercialMarket
Cliff Drubin, Associate Technical Editor

operators are looking to continue their growth in fixed
wireless but have limited spectrum available to service
their growth user base. At the same time, we will see
growing enthusiasm for FWA as an effective means to
deliver adequate broadband access to end users in
countries where existing infrastructure is not capable of
servicing cost effectively deployment. In countries like
India, they have a huge untapped market of users who
reside in densely populated areas, yet are lacking in the
availability of more advanced services. 5G FWA holds
great promise as a critical enabling technology that will
help bridge the digital divide for people everywhere.

Distributed mMIMO, Radio Stripes,
HBF Antennas and pCells Among the
Revolutionary Technologies for Indoor
Networks

ith the majority of 5G networks being de-
ployed using the 3.5 GHz bands, it is very
likely to suffer indoor environments because
outside-in does not provide adequate indoor coverage
in the mid and high bands, 3.5 GHz and mmWave. In-
building wireless solutions are critical for 5G's success
in the consumer and enterprise markets. However, tra-
ditional solutions such as distributed antenna systems
(DASs) do not support frequencies above 3 GHz and re-
quire major reconstructive engineering work to increase
their capacity. The ever-growing need to increase net-
work capacity and costly on-site infrastructure upgrades
motivate infrastructure vendors to invest in other inno-
vative technologies. According to a new report from
ABI Research, some revolutionary technologies include
distributed massive MIMO (mMIMO), radio stripes, ho-
lographic beamforming (HBF) antennas, pCell technol-
ogy, open radio access network (RAN) DASs and recon-
figurable intelligent surfaces (RISs).

Among the technologies, distributed mMIMO, HBF
and pCell are already available and expected to be de-
ployed on a larger scale in 2023. “Distributed mMIMO
integrates MMIMO into indoor systems to enable giga-
bit connectivity and sustainable network capacity ex-
pansion. HBF antennas are tailored for mmWave and
software-defined antennas to employ the lowest pos-
sible architecture in terms of SWaP-C. pCell technology
exploits interference in wireless networks through large-
scale coordination among distributed transceivers and
synthesizes a cell for each user. It multiplies the spec-
trum capacity with uniform and high data rates in the
entire coverage area,” stated Fei Liu, 5G and mobile
network infrastructure industry analyst at ABI Research.

“Moving toward 5.5G Open RAN DASs could be
another technology where there are open interfaces
between the radio units and virtualized RAN functions

Visit mwjournal.com for more commercial market news.
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operating on the cloud
infrastructure, result-
ing in a reduction of the
number of transmitter
elements and, thus, the
related power consump-
tion, addressing one of
the major issues that net-
work operators face. In the longer term, RIS and radio
stripes are viewed as promising for enhancing indoor
coverage,” Liu added. A RIS is nearly passive, does
not have power amplifiers and does not transmit new
waves. Hence, the power consumption is much lower. A
radio stripe is another technology expected to improve
network quality and performance while enabling easy
network deployments.

In-building wireless

solutions.are critical
for 5G’s success.

Five-Year Open RAN Forecast Revised
Upward

ccording to a recently published report by
Dell'Oro Group, the Open RAN movement
has come a long way in just a few years, pro-
pelling Open RAN revenues to accelerate at a faster
pace than initially expected. These trends continued in

2022 and with this latest report, Open RAN expecta-

tions have been revised upward to reflect the higher

baseline, supported by stronger than expected O-RAN
progress in North America. Open RAN is now projected

to account for 15 to 20 percent of global RAN by 2027.
Additional highlights from the January 2023 Open

RAN Advanced Research Report include:

* The Asia Pacific and North America regions are pro-
jected to be the primary growth vehicles through-
out the forecast period

* Since the last forecast, Open RAN projections have
been revised upward in the North America region
and downward in Middle East & Africa, Caribbean
and Latin America and parts of the Asia Pacific

® Even with the slower start, European Open RAN
revenues are expected to top $1 billion by 2027

* While the Open RAN movement is not confined to
a specific technology, RF output power, spectrum
band or deployment configuration, Open RAN
macros are expected to drive the lion’s share of the
O-RAN capex, accounting for around 90 percent of
the revenues throughout the forecast period

e Risks remain broadly balanced. On the one hand,
the Open RAN movement continues to trend in the
right direction. At the same time, preliminary data
suggest Open RAN is having a minimal impact on
the overall RAN supplier dynamics.

Adjust your Timesc le
with Femtostepper

36

MW]JOURNAL.COM m MARCH 2023



UNMATCHED DYNAMIC RANGE.
UNMATCHED PERFORMANCE.

VDI's Mini VNAX modules are one-quarter the volume of
standard modules making them well suited for probe station
and antenna measurement applications.

BRIDGING THE

THz GAP
JUST GOT SMALLER.

VDl's VNA Extenders provide high perfor-
mance frequency extension of vector net-
work analyzers from 26GHz to 1,5THz. These
madules combine high test port power with
exceptional dynamic range and unmatched
stability.

VDI's mini-modules are reduced in size, but
yield the same industry leading performance
as our original designs. The compact form
factor and simplified power supply make them
the recommended solution for most applica-
tions.

Mini-modules are currently available in stan-
dard waveguide bands for 26GHz to 1.1THz
with higher frequency bands under develop-
ment.

Waveguide Band WRz28 WR1S WRIS WRI2 WRIO WR8 WRE.S  WRS.1 WR43 WRIA WR2ZE WR22 WRIS5 WRLO
{GHz) 26-40 40-60 5075 6080 75110 90140 110-170 140220 170-260 220-330 260-400 330-500 500-750 750-1,100
Dynamic Range

(EW=10Hz, dB, typ) 120 120 120 120 120 120 120 120 115 115 100 110 100 95
(EW=10Hz, dB, min} 110 105 110 110 110 110 110 110 110 105 B0 100 BI 75
Magnitude Stability

[+dB) 0.15 015 0.10 0.10 010 015 025 D25 03 03 ns 0.5 0.4 0.5
Phase Stabiiity

(+deq) il & 15 15 15 2 4 4 4 B B B 4 B
Test Port Power

(oBm) 13 13 13 18 18 16 E i B 4 1 -10 3 =16 -23

Virginia Diodes, Inc.

979 2nd 5t. SE, Suite 309
Charlottesville, VA 22902
434.297.3257

vadiodes.com



&>k Aroundthe Circuit
.. Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

MACOM has signed a definitive agreement to acquire
assets and operations of OMMIC SAS. OMMIC SAS, lo-
cated in Limeil-Brévannes, France, (20 km outside Paris)
with approximately 100 employees, focuses in MOCVD
epitaxial growth, expertise in wafer processing, fab-
rication and IC design; sub-100 nm GaAs and GaN
processes in production; industry-leading mmWave
products; and has 40+ years' experience in GaAs and
GaN process development. MACOM's strategic ratio-
nale expands their technology portfolio with advanced
semiconductor processes and products. It also increas-
es wafer manufacturing with installed 6 in. capabilities,
strengthens European footprint and access to custom-
ers and markets and has potential to expand SAM by
approximately $100M.

Q-Tech Corp., a U.S.-based leading supplier of high-
reliability crystal oscillators, announced the acquisition of
Axtal GmbH & Co. KG, founded by Brigitte and Bernd
Neubig 20 years ago—a German manufacturer offering
frequency control products with world-class ultra-low
phase noise capabilities. Both companies are technol-
ogy leaders with an extensive selection of frequency and
timing products specifically designed for aerospace, de-
fense, avionics, high temperature, instrumentation and
master clock applications and maintain a global sales
presence throughout North America, Europe and Asia.
The Q-Tech and Axtal product portfolios combined of-
fer the full range of crystal oscillators: from basic clocks
and temperature-compensated, to microprocessor-con-
trolled and oven-controlled Quartz oscillators.

Infinite Electronics Inc., a global portfolio of leading
in-stock connectivity solution brands, announced that
it has completed the acquisition of Cable Connectiv-
ity Group (CCG) from Torgx Capital Partners and TKH
Group NV. Headquartered in the Netherlands, CCG’s
brands operate across Europe, with offices and produc-
tion and distribution facilities in the Netherlands, Germa-
ny, Italy, France, Belgium, Poland and China. Serving the
global industrial and electronics markets, CCG’s brands
are leading suppliers of cables, ready-to-connect cable
systems and accessories. They are comprised of the fol-
lowing brands: TKD, KC Industrie, Capable, Schrade Ka-
beltechnik, Jobarco, Pantaflex and ConCab.

NI confirmed that it has received a proposal from Em-
erson to acquire the company for $53 per share in cash,
following a prior proposal from Emerson to acquire the
company for $48 per share. As previously publicly an-
nounced by the company on January 13, NI's board of
directors has initiated a review and evaluation of stra-
tegic options with the intent to unlock and maximize
shareholder value. This strategic review process in-
cludes robust solicitation of interest from potential ac-

For More
Information
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quirors. Nl's board of directors will evaluate Emerson’s
proposal within the context of the ongoing strategic re-
view process, consistent with its fiduciary duties and in
consultation with its financial and legal advisors.

Artemis, a Boston-based private equity firm focused ex-
clusively on partnering with differentiated industrial tech
manufacturers, has completed the sale of KCB Solutions,
a manufacturer of specialty high-reliability RF and micro-
wave technologies, to Micross Components, a provider
of high-reliability microelectronic product and service so-
lutions for aerospace, defense, space, medical, industrial
and other applications. For 20 years, KCB has been ap-
plying its company culture of innovation, precision and
quality proprietary technology to the manufacturing of
highly engineered switches, amplifiers and attenuators.
KCB's customers in defense and space rely on KCB's ad-
vanced microwave semiconductor technologies to serve
mission-critical applications that require the highest lev-
els of reliability, accuracy and ruggedness.

COLLABORATIONS

ipoque GmbH, a Rohde & Schwarz company, cooper-
ates with Chemnitz University of Technology on a re-
search project on cybersecurity and digital sovereignty.
In doing so, ipoque is working on another technical in-
novation as a market leader in deep packet inspection.
The project centers around protection from distributed
denial of service and jamming attacks. Currently, there
are only a few practical solutions for this problem. This
gives ipoque the opportunity to be among the first with
a fitting solution on the cybersecurity market.

Spark, New Zealand’s largest telecommunications and
digital services provider, together with Ericsson and
Red Hat announced the successful completion of a
5G Standalone (SA) trial in New Zealand. The trial was
delivered within an impressive three-month timeframe,
demonstrating the ease with which standalone cloud-
native solutions can be deployed. The 5G SA trial was
underpinned by Ericsson’s cloud-native 5G Core run-
ning on Red Hat OpenShift, integrated with Spark’s 5G
Fixed Wireless Access Network to test enhanced wire-
less broadband. The trial successfully confirmed and
validated the technical capabilities of 5G SA technol-
ogy on Spark’s network.

Picocom, a 5G Open RAN baseband semiconductor and
software specialist, has announced that Antevia Net-
works has selected Picocom’s award-winning Si tech-
nology to empower its new innovative 5G in-building
solutions. The partnership combines Antevia Networks’
technology with Picocom’s latest generation 5G system-
on-chip Si to drive innovations to address the many chal-
lenges of deploying indoor 5G private networks. The
all-new Antevia Networks 5G solution delivers a cost-
effective 5G private network deployment that enables
intelligent routing of coverage and capacity within build-
ings or campuses to accommodate variable demand or
simply to provide highly reliable 5G connectivity.

For up-to-date news briefs, visit mwjournal.com
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SDCHP-125 10 - 250 18.5 0.5 01/0.4 24119 30
SDCHP-140 10 - 400 18.75 1 0.5/0.85 27122 25
SBCHP-1100 10 - 1000 10 0.5 1.2/14 17715 5
KBK-HP-1100 10 - 1000 10 0.5 1.2/14 17 /15 5
KDK-HP-255 20 - 550 20 0.4 0.25/0.35 23/18 275
SDCHP-255 20 - 550 20 0.4 0.25/0.35 231720 275
SDCHP-335 30 - 350 20.1 0.85 0.2470.32 24120 75
SDCHP-484 40 - 840 19.2 0.9 0.3/04 24120 30
SCCHP-560 50 - 560 14.6 0.7 0.48/0.65 231720 75
SCCHP-990 90 - 900 15.2 0.6 0.52/0.64 20/17 38.3
SBCHP-2080 200 - 800 12.3 0.7 0.64/0.80 241718 48.3
SBCHP-2082 200 - 820 11.0 0.5 0.74/0.9 22719 22.5
KDS-30-30-3 27 - 512 27.5 0.75 0.3/04 23715 50
KDS-30-30 30-512 275 0.75 0.3/0.4 23/15 50
KBK-10-225 225 - 400 11 0.5 0.6/0.7 25/18 50
KBS-10-225 225 -400 10.5 0.5 0.6/0.7 25718 50
KDK-20-225 225 -400 20 0.5 0.2/0.4 25718 50
KDS-20-225 225-400 20 0.5 0.2/0.4 25718 50
KEK-706H 500 - 2500 315 2.5 0.28/0.4 18 /12 100
SCS-8012D 800 - 1200 20 0.6 0.22/0.25 22/18 100
KEK-704DH-2 850 - 1250 30 0.25 0.20/0.30 28725 500
KEK-704H 850 - 960 305 0.25 0.08/0.20 381730 500
SCS100800-10 1000 - 8000 10.5 2 1.2/1.8 8/5 25
SCS100800-16 1000 - 7800 16.8 2.8 0.7/1 1475 25
SCS100800-20 1000 - 7800 20.5 2 0.4/0.75 12/5 25
SCS-1522B 1500 - 2200 10 -- 0.65/0.75 23718 100
SCS-1522D 1500 - 2200 20 =e 0.32/0.38 23/20 100
SCS1701650-16 1500 - 15500 17 2.5 1/1.4 16/5 25
SCS1701650-20 1700 - 15000 21 2.5 0.9/13 10/7 25
SDC360440-10 3600 - 4400 8.6 0.25 0.7/1.4 18/10 10
SDC360440-20 3600 - 4400 19 0.25 07/1.2 16/10 10
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Nokia, NTT DOCOMO, INC. and NTT announced that
they have achieved two key technological milestones
on the path to 6G. The first is the implementation of
artificial intelligence (Al) and machine learning (ML) into
the radio air interface, effectively giving 6G radios the
ability to learn. The second is the utilization of new sub-
terahertz (sub-THz) spectrum to dramatically boost net-
work capacity. The Al-native air interface and sub-THz
spectrum are both critical research topics that Nokia,
DOCOMO and NTT are exploring for future 6G net-
works. These technologies could pave the way for new
immersive metaverse and extended reality (XR) experi-
ences and a new generation of mobile applications.

ACHIEVEMENTS

CAES announced its recent award to perform on the
Extremely Wideband Radio Frequency Spectrum Op-
erations (EWO) System. The new award is an extension
of an ongoing partnership with MITRE and the U.S. Air
Force. Under the contract, CAES will deliver solutions
for design and development of dual system-in-package
circuit card assemblies and will continue to improve
performance of the microelectronics-based wideband
digital antenna array. CAES Missiles Advanced Tech-
nology and Engineering, based in Colorado Springs,
Colo., develops cutting-edge RF, analog, digital hard-
ware and software solutions for complex commercial
and defense industries.

D-Link has selected Airgain embedded antennas to pow-
er the Wi-Fi 6 signal in its DWA-F18 VR Air Bridge. The
VR Air Bridge was built exclusively for virtual reality (VR)
headsets without the hassle of long cables or dependence
on a Wi-Fi router. It was designed to provide a dedicated,
ultra-low latency wireless connection between the PC and
the VR headset in order to enhance the overall VR gaming
experience. Airgain is a leader in embedded Wi-Fi anten-
nas, powering many customer-premise equipment devic-
es available in the market today. As wireless connectivity
becomes more complex, Airgain’s custom design, testing
and optimization services simplify the ability to deliver
maximum signal in any environment.

Altum RF announced an expanded scope to its recerti-
fication to ISO 9001:2015 for the quality management
system. The renewed registration demonstrates Altum
RF's commitment to excellence in the design and de-
velopment of semiconductor products, along with ar-
eas of manufacturing and sales. This expanded scope
also validates the company’s unwavering dedication to
regularly supplying high-quality and reliable semicon-
ductor components to customers worldwide.

Maury Microwave announced that it has received In-
ternational Organization for standardization (ISO)/IEC
17025:2017 accreditation from Perry Johnson Labo-
ratory Accreditation Inc. Per the ISO, ISO/IEC 17025
enables laboratories to demonstrate that they operate
competently and generate valid results, thereby pro-
moting confidence in their work both nationally and

40

around the world. ISO/IEC 17025 covers staff qualifica-
tions and skills, availability and use of equipment, cali-
bration certificate content, measurement traceability
and uncertainty analysis. Reporting on measurement
uncertainty is an integral part of ISO/IEC 17025 and in-
stills confidence in your measurements.

Liberty Defense Holdings Ltd., a technology provid-
er of detection solutions for concealed weapons and
threats, announced it has sold its first HEXWAVE™
system to LINEV Systems US Inc., a provider of con-
traband detection security solutions to the corrections
and other high-security markets. LINEV Systems plans
to use the HEXWAVE unit for client demonstrations and
act as a reseller for Liberty with a focus on the correc-
tions and education verticals. LINEV Systems, which is
part of the global LINEV Group, has been an industry-
leading provider of X-ray imaging checkpoint security
technology for over 15 years, including Al-driven X-ray
security screening, benchtop scientific instruments and
X-ray non-destructive testing systems.

Advanced Test Equipment Corporation (ATEC) has re-
cently been recognized by local media outlet NBC as
one of the top contributors to the ARTEMIS program
by NASA. ATEC is one of a few San Diego companies
that played a key role in supporting the NASA team in
launching ARTEMIS. The key contribution from ATEC is
supporting the EMC testing that happens on the Orion
spacecraft at the Neil A. Armstrong Test Facility in Ohio.
The project has been ongoing for five+ years in which
ATEC has provided equipment, including advanced am-
plifiers, to accomplish multiple radiated immunity tests.
NASA, and their subcontractor Lockheed Martin, have
depended on the continued support from ATEC to meet
testing deadlines and receive equipment quickly.

NEW STARTS

KYOCERA AVX has introduced a new circuit matching
service designed to help customers quickly and con-
fidently select suitable crystal timing devices. When
oscillator circuits aren’t optimized for customers’ ICs
or timing devices, it can result in abnormal oscillation
or even prevent oscillation, which could lead to device
failure. The new online circuit matching service identi-
fies KYOCERA AVX crystal timing devices recommend-
ed by leading global IC manufacturers to ensure that
customers choose compatible timing devices. This as-
surance delivers critical benefits including improved os-
cillation start-up times and stable oscillation with higher
gain margins, which are especially valuable in automo-
tive industry designs.

CONTRACTS

Epirus, a high-growth technology company, announced
a $66.1 million contract award from the U.S. Army's
Rapid Capabilities and Critical Technologies Office
(RCCTO) in support of the Indirect Fire Protection Ca-
pability-High-Power Microwave Program. As part of the
Other Transaction Authority, Epirus collaborates with the
RCCTO to rapidly deliver several prototype systems of
Leonidas for $66.1 million in 2023 with options to ac-
quire additional support services. Epirus plans to deliver
and support prototypes of integrated HPM capability
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Aroundthe Circuit

and, as part of the contract’s design,
work with the RCCTO to transition
Leonidas into a future program of re-
cord after successful demonstration
of the prototypes.

Gilat Satellite Networks Ltd. an-
nounced that the company was
awarded a multimillion-dollar con-
tract for the expansion of satellite

communications (satcom) capabili-
ties on trains in Asia-Pacific. Gilat's
ER7000 satcom on-the-move anten-
nas were chosen by a leading inte-
grator, for installation on trains to
provide continuous internet access
to passengers traveling across the
Asia-Pacific region. Throughout the
world, Gilat’s field-proven ER7000
antennas have been deployed to
empower satcom on-the-move ap-
plications. They provide reliable,
high performance broadband con-
nectivity for vehicles and rail travel,
maximizing throughput with high ef-
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ficiency in a low-profile system with
minimal size and weight.

Airbus has signed a contract with
the Belgian Ministry of Defence to
provide tactical satellite communica-
tions services for a 15 year period.
The armed forces will utilize channels
of the Airbus ultra-high frequency
(UHF) military communications host-
ed payload on-board a commercial
telecommunications satellite manu-
factured by Airbus. As the UHF fre-
quency band is a relatively scarce or-
bital resource, this offering will make
up for the capacity shortage around
the world. Airbus has already signed
several firm orders for this capacity,
well ahead of the satellite’s sched-
uled launch. The UHF payload will
be operated from Airbus’s Network
Operations Centre in Toulouse.

Viasat Inc. announced it was
awarded a contract to provide end-
to-end satcom support through a
fully managed service to the U.S.
Marine Corps (USMC). The con-
tract is an extension following a
successful pilot and follow-on ser-
vice program in the government's
FY22 through which Viasat deliv-
ered a fully managed satcom as a
managed service (SaaMS) solution
to the USMC | Marine Expedi-
tionary Force (I MEF), the Marine
Corps’ largest warfighting organi-
zation. This is the first commercially
developed SaaMS implemented
by a USMC command. Under this
fully managed satcom service, Vi-
asat has provided | MEF with a
resilient beyond-line-of-sight com-
munications capability that is both
scalable and rapidly deployable to
meet contract and operational re-
quirements.

PEOPLE

GPR, provider of
Ground Position-
ing Radar™ for
precise vehicle lo-
calization, an-
nounced its next
CEO is Moran Da-
A Moran David Vid.  David  will

lead the company
through its next phase of growth
and global product deployment
and will join GPR's board of
directors. Tarik Bolat, co-founder and
former CEO will step away from day-
to-day involvement but will remain
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involved with the company as an advisor. David is a well-
respected advanced driver assistance systems and au-
tonomous vehicle leader, bringing over 25 years of mar-
keting, sales and operations leadership experience, in-
cluding nearly a decade of automotive experience, to his
new role.

Tagore Technology Inc. announced
the appointment of Chae Lee as
CEO. Lee brings more than 35 years
of experience to Tagore Technology.
Prior to joining Tagore, Lee was presi-
dent and CEO of Insyte Systems. Be-
fore that, Lee was senior vice presi-
dent and general manager of NXP’s
Secure Interface and Power Solutions
Business Unit where he grew the busi-
ness unit's revenue to $1B.

A Chae Lee

Stellant Systems Inc. announced the
promotion of Joseph Dominiak to
general manager of the Folsom, Ca-
lif., facility. In this role, Dominiak has
responsibility for driving operational
performance at the Folsom, Calif., site
and reports to Steve Shpock, COO.
Dominiak has over 30 years in pro-
gram management and engineering
leadership in the aerospace and de-
fense industry. He started his career in the organization
in 2009 as a program manager at Stellant’s Torrance,
Calif., facility. In 2016, he transferred to the Folsom, Ca-
lif., as senior director of programs.

A Joseph Dominiak

mmTron Inc. has announced the ap-
pointment of David Horton as vice
president of sales and business devel-
opment. He oversees the semicon-
ductor MMIC innovator's revenue
pipeline as a leading fabless designer
of mmWave broadband products for
the satcom, 5G/6G, aerospace and
defense markets. Horton brings more
than two decades of experience in
global strategy, sales and equipment manufacturing in
the aerospace and satellite industries, working for in-
dustry leaders such as Panasonic, TECOM Industries,
ORBIT Communication Systems and microwave/RF firm
EMS Technologies, now part of Honeywell.

A David Horton

' Wolfspeed Inc. announced that Sta-
cy Smith has been appointed to the
company’s board of directors, effec-
tive January 23, 2023. Smith is the ex-
ecutive chairman of Kioxia Corpora-
tion (formerly Toshiba Memory Corpo-
ration), a leading flash memory

i company, and non-executive chair of
A stacy smith the board at Autodesk, Inc., a leader in
design and make technology.
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CELEBRATING THE 80TH BIRTHDAY OF A LEGEND

erenc Marki is not only the
founder of Marki Microwave—
he is also the Godfather of
mixers. He recognized early on that
the microwave industry had entered
an era of specialization. Gone were
the days of vertical integration where

engineering design, manufacturing and
testing could all be performed under
one roof, or within a single company.
For better or worse, the industry had
become increasingly bifurcated,

where engineering and manufacturing
were seen as separate entities and
outsourcing was all the rage.




Ferenc is known to often tell this story to younger
engineers because it teaches a valuable lesson:
when you stop innovating, you go hungry. In this
case, all the major semiconductor manufacturers
at the time assumed 1970s mixers could solve
the problems of the 1990s and beyond. Once

the commercial microwave business emerged in
the mid-90s, and subsequently propelled Marki
Microwave into prominence, it was clear that the
mixer technology of the day was insufficient to
solve modern problems.

“|'had to invent new mixers to satisfy my new,
expanding customer base. Because | was able to
push the boundaries of microwave technology by
building increasingly broadband, high-performance
mixers, Marki Microwave thrived while my
competitors and former employers began to
disappear.” Hence, the T3 mixers were born.

N

1307
!

T3-07LCQG is considered by many as the
preeminent T3 mixer.

GAME CHANGER

The T3 represents a true paradigm shift in mixer
technology. Perhaps the greatest achievement of
the T3 is the fact that much of the existing dogma
surrounding mixers had been turned upside-down.
Since the 1960s, mixer experts had promoted the
following ideas:

1. Mixers require specific LO drive over a range of
approximately 3 dB.

2. Mixers compress 5-7 dB below the LO drive.

3. Mixer spurious performance does not always
improve with increasing LO.

4. Mixer lIP3 is approximately 1-2 dB above the

optimal LO drive.

ADVERTOARIAL

5. Sine wave LO drive is acceptable, square-wave
LO drive does not improve mixer performance
significantly.

Ferenc agreed with all the above statements,
assuming the discussion was restricted to double
balanced mixers. For the T3 mixer, new rules applied:

1. T3 mixers can operate with any LO drive above
about +13 dBm.

2. T3 mixer compression is approximately equal to
the LO drive itself.

3. Increasing the LO drive always improves
spurious performance in a T3.

4. Increasing the LO drive always improves the IIP3
of a T3. lIP3 is approximately 10-15 dB higher
than the LO drive.

5. Square-wave LO drive is always better than sine
wave drive for a T3.

TECHNOLOGY TRAILBLAZER

A trailblazer in his own right, Ferenc’s technology
remains embedded in the fabric of Marki
Microwave. The company continues to develop
the T3 technology to reach an ever-increasing
customer base. In time, it is conceivable that most
of the legacy mixer technology available today

will be superseded by the T3 and its offspring
technology. For these reasons, the T3 is truly a
mixer for the 21st century.

Chris Marki, Ferenc's son and current Marki
Microwave CEOQ, sums things up the best: “There
is no precursor to my father or his contributions
to the microwave industry. Because of him, Marki
Microwave is able offer products that would have
been impossible years ago. Our generational
continuity and historical perspective are key
competitive advantages over our competition.”

To view Marki Microwave's products visit
www.markimicrowave.com.
For sales information, contact (408) 778-9952

or sales@markimicrowave.com.
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Overcoming Planar Phased Array
Circuit Design Challenges

Joel Dobler and Sam Ringwood
Analog Devices, Wilmington, Mass.

This article details the design and layout challenges associated with the electronic design of
planar phased arrays and focuses on an RF front-end containing power amplifiers (PAs), low noise
amplifiers (LNAs) and beamformers. The printed circuit board (PCB) layout discussion highlights

a single cell, consisting of a beamformer surrounded by four transmit/receive (Tx/Rx) modules.
Thermal management challenges are discussed, including component side heat sinking and heat

sink cavity design with RF absorbers to avoid oscillations.

wo-dimensional planar phased ar-

ray systems, where the RF circuitry

and the antennal elements are on

the opposite sides of the same PCB

as shown in Figure 1, offer a significant size

advantage over 3D blade-style structures.

But that size advantage brings layout, power

management and thermal challenges. This

article will explore how some of these chal-

lenges can be dealt with using well-planned

device functionality and interfacing, careful

PCB layout that maximizes the usage of the

limited available space and novel heat sink-
ing techniques.

Phased array radar systems consist of many

sections. These include the

software and FPGA, ADCs and
DACs, up-/down-converters,
RF and beamforming circuitry
and the phased array antenna
elements. This article concen-
trates on the RF front-end and
beamforming. In modern ra-
dars, the variable phase and

A Fig. 1 The component side of

a planar phased array front-end
prototyping board.

48

amplitude blocks are consoli-
dated into a beamformer inte-
grated circuit (BFIC), with each

BFIC containing several variable amplitude
and phase blocks. Also, the PA, LNA and
Tx/Rx switch can be integrated into a single
Tx/Rx module and be optimally designed to
work directly with the BFIC.

PCB LAYOUT

Phased array radar systems can vary in el-
ement count and size, from a 2 x 2 prototyp-
ing subarray to arrays that have 256, 512 or
even 1024 elements. The array layout can be
simplified down to a unit cell, typically con-
nected to four elements. The cell size pri-
marily depends on the lattice spacing, usual-
ly one half-wavelength (\/2) so that no grat-
ing lobes appear for beam steering to the
aperture horizon. Sometimes lattice spacing
slightly greater than \/2 is chosen for larger
antenna gain and thinner beamwidths, this
reduces the beam steering range without
grating lobes. The location of the BFIC and
Tx/Rx modules is usually constrained within
the lattice spacing.

Cell Layout

An example cell layout on an Analog
Devices planar phased array system board
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is shown in Figure 2. It features
a four-channel BFIC with four Tx/
Rx modules surrounding the BFIC.
The layout goals of the cell were to
make the lattice spacing 15 mm (\/2
at 10 GHz) and length-match the RF
Tx and Rx lines going from the BFIC
to the four TR modules. The 10 GHz
frequency was chosen for M/2 as it is
atthe center of X-Band, where many
radar systems are operated, along
with some satellite communications

MiniRF

Passives with a Passion for Performance
NEW 3 GHz & Beyond Products!
» Enables DOCSIS 4.0 & full duplex requirements
» Achieve max RF output power w/ MiniRF passives
» Repeatability & reliability - a MiniRF trademark
*100% RF test, local design & support

Standard & Custom Components

systems. Length matching of the Tx
and Rx interconnect lines between
the BFIC and the Tx/Rx module re-
duces the burden on calibration.
The glueless interface between
the BFIC and the four Tx/Rx mod-
ules results in almost no external
components on the Tx, Rx or cou-
pler lines going to the power detec-
tors. This makes the layout routing
efficient, which is shown in Figure 2.
The glueless interface, along with

_ij'v[w

COUPLERS

1.8 GHz BW 3 & 4 port models

MRFCP6762

with optional coupling factors for

Broadband / CATV Systems.

SPLITTERS

2.5 GHz BW, 2/3&4 way power
splitters designed for both
50 & 75 Q applications.

TRANSFORMERS

50 Q & 75 Q supporting a wide
range of applications with
impedance ratios of

11, 1:2, 1:4, 1:8, 1:16.

RF CHOKES

f mo f‘.:
U i

Precision inductors & chokes
with wire diameters from
0.060~5mm single & multilayer,
air-core, coil configurations.

For information, samples and sales, contact our distribution partner RFMW.
www.RFMW.com | sales@rfmw.com

50

the Tx/Rx module chips orientated
at 45 degrees off-axis relative to
the BFIC, easily enables the length-
matched routing of the Tx and Rx
lines, while also maintaining the 15
mm lattice spacing. Figure 3 shows
the other side of the PCB, which
contains RF connectors at 15 mm
lattice spacing. In a real-world pla-
nar system, these connectors would
be replaced with patch antennas.

Supply decoupling capacitors
are kept at a minimum on this cell
layout. The majority of the supply
decoupling is for the BFIC. The Tx/
Rx modules also have supply de-
coupling on the board, but most of
these capacitors are technically not
needed due to internal supply de-
coupling. Additional capacitors on
the board were a conservative de-
sign decision and the 15 mm lattice
spacing provided enough board
space for these capacitors.

Another important goal of the
cell layout was to keep the switch-
ing transients on the bias lines to
a minimum so that switching times

CH3 ANT

CH4 ANT

CHZ ANT
CH1 ANT

A Fig. 2 A layout of one X-Band cell
(top layer only).

A Fig. 3 Top and bottom layers
showing locations of SMPM connectors
(Layer 1 pins superimposed for
reference).
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TR Switch

LNA Bias
TR Switch

PABias 3

PABlas1

LNA Blas
TR Switch

A Fig. 4 Layer 4: PA bias, LNA bias and
TR switch control routing (Layer 1 pins
superimposed for reference).

could also be minimized. This was
accomplished by keeping the
length of these lines as short as
possible to reduce line parasitics.
With the RF lines and supply de-
coupling on the top layer, the PA
bias and LNA bias lines from the
BFIC to the Tx/Rx module had to
be routed on the PCB inner lay-
ers 4 and 5. The various digital
control lines to the BFIC from the
microcontroller were routed on
Layer 5, which is shown in Figure
4 and Figure 5. On larger arrays
with necessarily longer trace runs
between the controller and BFICs
and/or higher clock speeds, signal
integrity simulations must be done
to account for all trace propaga-
tion delays and ensure all digital
timing is correctly synchronized.
On the Analog Devices planar
phased array system board, the
RFIO trace is short and immediately
goes to a connector; thus, its isola-
tion to other ports is high. However,
on a real-world planar phased array
application board, care must be tak-
en when routing the Tx/Rx module
antenna ports and the RFIO port,
particularly the Channel 2 antenna
and Channel 3 antenna ports shown
in Figure 2 as they are on the same
side of the cell layout as the RFIO
port. While in transmit mode, the
paths have higher gain relative to
Rx mode and the isolation require-
ment between the paths is higher to
prevent instability and oscillations.

THERMAL MANAGEMENT

In a planar phased array system
with the antenna array on one side
of the board and components on
the other side, the heat sink must be

LNA Bias

O Digital Control
A}

.,?9“
LNABias ‘&,

7
%

A Fig. 5 Layer 5: LNA bias, TR switch
control and digital routing (Layer 1 pins
superimposed for reference).

located on the component side of
the board. This presents a challenge
for generating a thermal manage-
ment solution that will effectively
remove a sufficient amount of heat
from the various components, par-
ticularly the PAs, so that none of the
components exceeds its maximum
junction temperature.

Options for Heat Management in a

Planar Phased Array Antenna
With the antenna array’s location

on the back side of the board, the
thermal management solution can-
not rely solely on the heat being
pulled from a component’s ground
paddles through thermal vias to a
back side-mounted heat sink. In-
stead, the heat must flow directly
from the top side of the component
or it must travel indirectly through
the base of the component into the
PCB, moving laterally before com-
ing back out to a component side
heat sink. This is shown in Figure 6a
and Figure 6b. There are two pos-
sible options for heat conduction
away from the components:

e The heat sink contacts large
amounts of area of the top (com-
ponent) side ground layer

* The heat sink contacts the top
side of the components.

The heat sink design largely de-
pends on the power dissipation
and thermal resistance values of
the components. Most components
have a low junction-to-case bottom
thermal resistance (6 c_gotroMm) and
relatively high junction-to-case top
thermal resistance. So, the scheme
shown in Figure 6a is generally
more effective.
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A Fig. 6 Component side heat-sinking with an LFCSP package
with heat flowing primarily through the bottom of the package
(a). Component side heat sinking with a copper-pillar flip-chip

LGA package with heat flowing through the top and bottom of

the package (b).
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A Fig. 7 A planar phased array front-end with component

side heat sink.

The  question
becomes whether
to additionally
contact the top
side of the compo-
nents or not. If the
junction-to-case
top thermal resis-
tance (0,ctop) is
of the same order
of magnitude as

0,c-soTTOM (for ex-

ADVANCED RF MEASUREMENT
SOLUTIONS FORA

ample, 6ctop < 5 x 8,c.3otTOM)
having the heat sink also contact

the top side of the component
packages would provide an addi-
tional useful parallel path for heat
conduction. The metal of the heat
sink should not contact the top of
the package directly as this may
cause mechanical stress. Instead, a
piece of thermally conductive tape
or a thermal transfer pad should
be used as shown in Figure éb.

A real-world example of compo-
nent side heat sinking of a planar
phased array is shown in Figure 7.
This is the same planar phased ar-
ray front-end board shown in Figure
1, only with the heat sink attached.
Thermal conducting compound can
be seen at the interface between
the heat sink and exposed ground
metal on the board (the white ma-
terial along the edge of the heat
sink). Also, note the absence of fins
in strategic areas to allow access
to the RF input/output ports of the
ADAR1000 BFICs.

HEAT SINK CAVITY DESIGN
Component side heat sinking
forces each cell of the four Tx/Rx
modules and one beamformer to
be inside a metal cavity. Care should
be taken in the sizing and design
of the cavity. An electromagnetic
simulation should be performed to
ensure that the cavity does not in-
teract with the circuitry and result in
instability or oscillations. Analysis of
metallic cavities whether for shield-
ing purposes or thermal manage-
ment cannot be overlooked at high
frequencies. Resonant modes are
generally supported when the larg-

MW]JOURNAL.COM m MARCH 2023



NN

WA

KSR

AN

\\\\\\\\\"

NANIMNT

N\

NNNNNNNN

Ruggedized Test Port Adapters
Lower Friction — Higher Precision

WA

N
N\

NN

==
pc=-
Pt
o
oy
-
-

N\ \
W
NY

N\

Protect Your VNA Measurement Port

With the new SPINNER ruggedized precision test port adapters you can effectively protect
the test port connector on your measuring instrument against accidental damage and wear.

The service life of this device can be considerably extended. Usual maintenance intervals are
extended and malfunctions and repairs are avoided. The risk of jeopardizing the projected

market launch schedule for a new RF product is eliminated.

E_:.'lr TE HIGH FREQUENCY PERFORMANCE WORLDWIDE
i SPINNER

j_,i_l'-"" SPINNER GmbH | Germany
E I Py info@spinner-group.com | spinner-group.com/en/ruggedized V




RF,MICROWAVE & MILLIMETER-
WAVE COMPONENTS
AND SUB-SYSTEMS UP

TO 500GHz “ m

e AMPLIFIERS UP TO 160GHz
o FREQUENCY MULTIPLIERS/
DIVIDERS UP TO 160GHz
o ANTENNAS UP TO 500GHz

o COUPLERS UP TO 220GHz

® ISOLATORS/CIRCULATORS UP
TO 160GHz

oFILTERS/DIPLEXERS/SOURCES
UP TO 160GHz

o SWITCHES UP TO 160GHz

oPHASE SHIFTERS UP TO 160GHz

o TRANSITIONS/ADAPTERS UP TO
500GHz

«WAVEGUIDE PRODUCTS UP TO
1THz

o TERMINATIONS/LOADS UP TO
325GHz

oMIXERS UP TO 500GHz

eATTENUATORS UP TO 160GHz
«POWER COMBINERS/DIVIDERS
EQUALIZERS
oCABLE ASSEMBLIES/
CONNECTORS UP TO 110GHz
#SUB-SYSTEMS UP TO 110GHz
eDETECTORS UP TO 500GHz
eUMITERS UP TO 160GHz
#BIAS TEE UP TO 110GHz

56

TechnicalFeature

ADAR1000EVAL1Z Gain: Tx Mode

No RF Absorber in Cavity
RF Absorber in Cavity
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A Fig. 8 Gain measurements before
and after installing the RF absorber.

est cavity dimension is greater than
or equal to NM/2 of the operating fre-
quency in free space. Energy radi-
ated from circuitry and PCB traces
within the cavity have nowhere to
propagate beyond the confines of
the cavity, possibly resulting in in-
stability and oscillatory behavior of
active circuitry.

Various techniques can be em-
ployed to mitigate the undesired
effects of cavity mode resonances.
These techniques can be as com-
plex as custom metallic structures
within the cavity that only support
resonances at frequencies outside
the range of operation. A much sim-
pler technique is the placement of
an RF-absorbing material within the
cavity to attenuate the energy of
the resonant modes. The absorber
is composed of materials that create
a high permittivity and high perme-
ability of the electric and magnetic
fields, respectively, for a range of
operational frequencies. This is
analogous to an electrical bandstop
filter.

The mechanical dimensions of
the cavities in the Analog Devices
planar phased array system board
heat sink do support resonances at
frequencies within its operational
range. To mitigate the effects of
the resonant modes, a die-cut RF
absorber is installed within each
cavity to dampen resonances with-
out degrading the performance of
the board. The RF absorber attenu-
ation ranges from approximately
20 to 50 dB/cm over the frequency
band of operation, effectively low-
ering the Q-factor of the cavity
resonator.

An electromagnetic simulation
of the heat sink cavity and RF ab-
sorber was performed using Key-
sight's EMPro simulation tool. A
simple model was constructed to
analyze a single cavity represent-
ing the mechanical design of the
heat sink cavity, the PCB mate-
rial and a bulk material to emulate
the ICs attached to the PCB. Two
simulations were performed using
the finite element method simula-
tion engine to calculate the eigen-
mode resonances within the cav-
ity. The cavity material for the first
simulation was defined as air and
resulted in eigenmode resonances
with high Q-factors. In the second
simulation, RF absorber material
was used as the cavity material in-
stead of air and this resulted in no
eigenmodes. The second simula-
tion case concluded the selected
absorber material lowered the Q-
factor of the cavity suppressing the
resonant energy within the cavity.
To ensure accuracy, the two simula-
tion cases were verified with mea-
sured data from the hardware. The
frequencies that support resonant
modes as well as the reduction of
the Q-factor by the RF absorber
can be observed in the two gain
measurements shown in Figure 8.
These before and after measure-
ments confirm the simulated pre-
dictions and highlight the impor-
tance of electromagnetic analysis.

CONCLUSION

In this article, we have looked at
the challenges associated with de-
signing the RF front-end of a planar
phased array system. The size re-
strictions that stem from the required
lattice spacing at high frequencies
demand novel approaches to circuit
design. These challenges can be
significantly reduced through the
use of BFICs and Tx/Rx modules,
which easily interface together. This
glueless interface has the additional
benefit of shorter RF traces and few-
er control lines, resulting in systems
with fast responses that are easier
to calibrate. Because one side of
the PCB is reserved for the patch
antenna array, compromises must
be made to implement an effective
heat sink. Proper heat sink cavity
analysis and design are also vital to
avoid oscillations.
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Innovations in Pulse Fidelity

B

for

High-Power GaN Radar and EW
Transmitters

Darren Miles and George Bollendorf
Empower RF Systems, Inglewood, Calif.

Bob Buxton

Boonton Electronics, Parsippany, N.J.

adar and electronic war-
fare (EW) have been the
primary applications for
extremely high-power
transmitters, driving the demand
for specialized high-power travel-
ing wave tubes (TWTs) and magne-
trons. Diminishing sources of TWT
supplies, coupled with their poor
reliability, inefficiency, large size and
high total lifetime cost of ownership
are causing a migration away from
tubes. While improved pulse fidelity
accompanies the shift to solid-state
transmitters, next-generation radar
depends on further improvements
in waveform fidelity and flexibility.
Next-generation radar systems
utilize long pulse widths, which pres-
ent specific challenges. In response,
Empower RF Systems has developed
technology to reduce pulse distor-
tion as a development step towards
pulse shape matching, allowing the
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reproduction of the input pulse with-
out distortion. The pulse correction
is performed within the amplifier in
real-time. This is important because
long pulse width radar is especially
vulnerable to over/undershoot and
droop, which can be eliminated to
extend radar range and reduce re-
ceiver target acquisition time. The
benefits from an EW perspective are
the ability to accurately mimic adver-
sarial pulses without pre-processing,
allowing precise threat simulation
and spoofing.

THE PRIMARY CAUSE OF
DROOP IN SOLID-STATE
POWER AMPLIFIERS (SSPAS)
This article discusses the cor-
rection of pulse droop and rising
edge overshoot with data from Em-
power’s 40 kW L-Band long duty
cycle liquid-cooled pulsed ampli-
fier, Model 2237, shown in Figure

A Fig. 1 Model 2237 L-Band 40 kW
Pulsed Transmitter.

MWJOURNAL.COM M MARCH 2023



» High power handling w > Low VSWR & inserfion loss

» Excellent coupling, flatness and dire ctivity which will > Custom-design & narrow band is available
significantly improve the signal acquisition accuracy

» Environment conditions meet MIL-STD-202F » Arbitrary customization of 30-40dB nominal coupling

—Test Curve of D3008H010180 —
Freq. Rangs PIN co\milq i Line VEWR  Copling VEWR  Inserfion Loss® Flaines Diractivity Power Urilt Prica*
P Gz} (i) Ty PR, i (s} Mem (W) oy
, » D3012HOD30SD  30+0.% 1.4 1.4 0.4 41,2 15 600 1.678
pcs D4012HD03060 40+ 1.0 1.4 1.4 0.6 £1.3 15 600 1.678
) D3012ZHOOS060  30+0.7 1.3 1.3 0.4 +1.0 15 00 1.175
L D401ZHODSD40  40+0.8 1.3 1.3 0.4 +1.1 15 400 1.175
o D300BHODS180  30+1.2 1.5 1.6 1.0 1.2 10 400 3,362
D400BHODS180 40212 1.5 16 1.0 1.4 10 400 3.362
e D301ZHOO7O80  20£0.8 1.4 1.4 0.5 £1.0 14 400 1.265
D401 2HOD7080 40+0.8 1.4 4 0.5 + 1.0 14 600 1,265
. T —— e D3DIZHOI00B0  30+0.8 1.4 1.4 0.4 +£0.9 14 400 1074
- D401ZHOI0080  400.8 1.4 1.4 0.4 £0.9 14 500 1,074
_:E: 8 D30OBHOIDIB0  30+1.2 1.5 1.é 0.6 #1.0 10 400 2,475
S D400BHDIOIB0 40412 1.5 1.6 0.4 £1.0 10 400 2475
% » — D300SHD20180  30+1.0 1.5 1.6 0.6 +0.8 10 400 2178
i D400BHD20180  40+1.0 1.5 1.6 0.6 +0.8 10 400 2,178
o s DIVOSHDSOTE0 3010 1.5 16 0.5 +0.7 1] 400 928
s D400BHDSO1B0  40+1.0 1.5 1.6 0.5 0.7 0 400 928

* Theotelicol LL. Included
** FOB FUIHOU FACTORY

Fujian Mlcable Electronic Technology Group Co.Ltd
Tel: +86-591-87382856 Email: sales@micable.cn Website: www.micable.cn




ApplicationNote

1. The primary
cause of droop in

Droop Factor in Pulse Applications a GaN power am-
¢ Thermal effects on gain for GaN devices is -0.012 dB/°C. For example, i H -
a~70°C temperature rise during the pulse results in 0.84 dB droop per pllﬂer is the ther

transistor stage. mal response of

* Capacitor discharge during the pulse causes power supply voltage droop. the transistor. GaN
o If transistors are used in series, the effects of the above are multiplied has an inverse gain
for each stage. relationship ~ with
0.84dB  + 084dB  +  084dB=upto temperature. The

2.5 dB Droop thermal response

of the transistors
reduces the gain
by 0.5 to 1.0 dB,
depending on the
temperature  rise
during the pulse.
The droop is com-

A Fig. 2 The impact of cascading stages.

""""""""""""""""" pounded with cas-
Overshoot cadeql tlfanSiStOI’S
resulting in a fur-
SO s Droop . .
90% ther reduction in
output power. This
AP“'se.T°P 50% Pulse Width " is summarized in
mplitude ! Fi 2 Th
Pulse Average Igure <. _e s_ec-
10% ower ond contribution
— = — relates to a power
Rise Time Fall Time supply’s ability to

source current at
high frequencies.

A Fig. 3 Pulse parameters.
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During the pulse, the capacitive
energy across the drain of the tran-
sistor discharges. This starts at the
leading edge of the pulse and as
the pulse progresses to the trailing
edge, the gain is increasingly re-
duced by the resulting drop in drain
current and drain voltage. These
two factors can account for up to 3
dB of droop. Fixing the droop using
software allows a reduction in the
size and complexity of the power
supply and increases average trans-
mit power. The result is improved
size, weight and power (SWaP), cost
and MTBF.

PULSE PARAMETERS
AND IMPACT ON RADAR
PERFORMANCE

Pulse droop is defined as the dis-
tortion of a flat-topped rectangular
pulse, characterized by a decline of
the pulse top. Figure 3 describes
the characteristics of a pulsed sig-
nal. Generally, each pulse includes
an overshoot and ripple at the lead-
ing edge of the pulse and a pulse
droop, which is the reduction in the
amplitude between the beginning
and end of the pulse.

THE IMPACT OF OVERSHOOT
AND DROOP ON RADAR
PERFORMANCE

A radar transmitter will have a lim-
iter to protect the amplifier output
stages from exceeding the peak pow-
er ratings. When overshoot is present,
the gain must be set so the overshoot
of the pulse does not activate the
limiter. When overshoot is absent or
minimized, the amplifier output can
be set just shy of the limiter threshold.
In the case of droop, the power dur-
ing the pulse is dropping over time,
further reducing the average power.
By examining the radar range equa-
tion, the impact of reduced power
can be seen in Equati10n (1.

P.GoA, |* )
max = |7 o
(431:) Smin
Where:
Riax = the maximum range

P, = the transmitter power

G = the transmitter antenna gain

o = the target’s radar cross-section
A, = the receive antenna effective
aperture
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A Fig. 4 lllustration of the pulse droop correction of RF

output.

Smin
nal.
Assuming all other terms remain
constant, the maximum range var-
ies as the fourth root of the trans-
mitter power. For example, a 1 dB
improvement in average power in-
creases the range by 6 percent.

= the minimum detectable sig-

PULSE CORRECTIONS

Each of the two main sources of
droop has a repeatable response
in time. These are typically marked
from the leading edge of each
pulse. With fast enough sample
rates, an algorithmic solution exists
that can change the amplifier gain
throughout the pulse in real-time.

As an example, let’s take the sim-

MEV
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- Surface Mount Design

Contact Us For Design Support
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LOW LOSS CERAMIC FILTER AND DUPLEXER

These Surface Mount Ceramic Filter
and Duplexer Developed for GPS L1,
L2 and L5 Band or IMARSAT Receiver
provide high Isolation and out-of-
band harmonic suppression.

Pulsed .
Source Bi-Directional
Coupler
___\‘q — E,,._ | Load |
Fwd Sample tl Rev
-76d8 § T| 50 Ohm
Terminati
Peak Power ermination
Sensor

Laptop with
Boonton Power
Analyzer

Software

plest form of the al-
gorithm. Since the
junction  tempera-
ture rate of change A Fig. 5 Test setup.
is highest on the
rising edge of the
pulse when the
transistor is turning
on and conducting,
the adjustment to
the gain at the be-
ginning of the pulse
must be greater
than during the
remainder of the
pulse. Implement-
ing this will result in
a significant reduc-
tion in overshoot. A Fig. 6 Output power coupling.

The expected result of this simple
adjustment is shown in Figure 4.
After the overshoot section,
gain adjustment of the algorithm
can be employed as a second el-
ement. The math is simple; the
droop has a slope, so the gain
adjustment simply adds in the in-
verse gain slope. The applied al-
gorithm repeats itself with each
pulse. This two-step algorithm can
be further refined by adding more
adjustment points, however, the

“E T . results of a two-stage correction
' are very good and are shown later.

e The correction algorithm resides in
S, the FPGA firmware and contains a

S S finite-state machine described in

. HDL. The correction algorithm is
configured with the appropriate
parameters from a digital calibra-
tion process performed at the fac-
tory. The parameters include the
slopes of the two-stage correc-
tions and the initial power level at
the leading edge of the pulse.

r “ VARG h TEST SETUP (REFER TO

- — SIDEBAR ON PAGE 68)
For demonstration, an Empower
amplifier is driven with a 1.5 GHz,
500 psec pulse, nominally at 0 dBm.
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Peak Power
76.053 dBm
Average Power

64.623 dBm

A Fig. 7 Uncorrected 40 kW pulse.

A separate guard band input is
used to frame the pulse for operat-
ing in true pulse mode. The ampli-
fier is set to full gain, achieving 40
kW peak power at the output. The
overall setup is shown in Figure 5.
The amplifier has a bidirectional
coupler at the output as seen in
Figure 6. The coupling factor is 76
dB. A Boonton RTP5006 USB real-
time peak power sensor was used
because this is the only sensor fast
enough to capture the peak of the

Continuous Measurements with No Drift

overshoot. The full power is termi-
nated into a 50 Q load.

RESULTS OF PRACTICAL
IMPLEMENTATION

Figure 7 shows the measurement
of the 40 kW SSPA output with the
Boonton power sensor before ap-
plying the correction algorithm. This
result was captured by the Boonton
Power Analyzer Software. For a 500
psec pulse width, the peak with over-
shoot measures 76.053 dBm. The
end of the pulse top is measured at
74.36 dBm. The Boonton software
captures the pulse envelope, which
can be exported to a CSV table.
From that table, the overshoot can
be determined to settle around 75.2
dBm. The uncorrected pulse is then
described as having an overshoot of
approximately 0.9 dB (76.053 - 75.2
dBm) with a droop of approximately
0.8 dB (75.2 = 74.36 dBm).

Figure 8a shows the effect of
the overshoot correction stage,
which decreases the overshoot
by approximately 0.6 dB from
the uncorrected pulse. Figure 8b
shows the effect of the droop cor-

LB480A Power Sensor
Newly Updated - Better than Ever!

- o Ed

::::::::

Manufactured in Boise, ID, USA - 707-546-1050

LadyBug-Tech.com Since 2004
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rection stage, which decreases the
overshoot again by nearly 0.6 dB.
While these stages decrease the
amplitude of the overshoot at the
front edge of the pulse, the trail-
ing edge of the pulse remains

Peak Power
75.460 dBm
Average Power

64.591 dBm

Peak Power
74.888 dBm

Average Power

64.427 dBm

A Fig. 8 Response with overshoot
correction applied (a). Response with
slope droop correction applied (b).

Peak Power
76.017 dBm

Average Power

65.537 dBm

.

=<

A Fig. 9 Response of the optimized
result.
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Power Level (dBm) unChanged' The

76.5 effect reduces the
Uncorrected || | overall energy of

76.0 Overshoot Corrected the pulse a poor
755 E;?fe"’cfgj Overshoot ] tradeqﬁ for the
oG benefit of flat-
tening the pulse.

= Once the pulse
74.0 ‘ ‘ L ‘ is flattened, how-
~100 0 10 200 300 400 500 600 | oyer the gain of
Time Relative to Trigger (us) the system can

be increased
since the reduced

A Fig. 10 Impact of overshoot and droop correction.
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overshoot will no longer activate
the amplifier peak limiter. This is
shown in Figure 9.

For the final result of Figure 9, the
maximum peak power was adjusted
by increasing the system gain. This
results in a system gain higher than
that of the uncorrected pulse ex-
ample. For simplicity of illustrating
the method, the gain adjustment has
been described as the last step. In
actual implementation, the correction
factors are established ahead of time
and stored, so setting the system to
the optimized maximum gain is the
first step. Next, the pulse rises and
the overshoot is corrected with a final
step of correcting the droop of the
pulse.

SUMMARY

The power output measured
over the duration of the 500 usec
pulse is shown in Figure 10. This
output demonstrates a flatter re-
sponse with less overshoot that re-
sults from applying both droop and
overshoot correction. In addition
to providing more uniform power
throughout the pulse, the amplifier
can also generate higher average
power. This is a result of higher sys-
tem gain without fear of the over-
shoot activating the limiter and a
pulse with less droop.

CONCLUSION

Using these techniques increased
the average pulse power by 0.9 dB,
which is close to the amount of
pulse correction. This is as expected
since the maximum transmitter out-
put can be increased by the amount
that the pulse variation is reduced.
The result represents more than a
20 percent increase in average pow-
er, which also improves SWaP, cost
and MTBF. The transmitter power
density improves by 20 percent.
The MTBF and cost improve since
the component count in the RF
chain would have been higher and
the transmitter would have operat-
ed at a higher temperature to pro-
duce the 20 percent output power
increase that would have been re-
quired without the pulse correction.
In addition, the radar performance
improves as roughly 1 dB of in-
creased transmit power extends the
range of the radar by 6 percent. m
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MEASUREMENT CONSIDERATIONS

Measuring pulsed radar signals requires a peak power sensor. For fast pulses, the rise time of the power sensor is important.
The Boonton RTP5006 has a rise time of < 3 ns. This means that a pulse rising edge of 5 ns can be comfortably measured. The
rise time display of a representative pulse is shown in Figure S-1.

Fast real-time and equivalent-time sampling provide fine resolution on narrow pulses. The RTP5000 real-time peak power
sensors, with 100 MSa/s real-time and 10 GSa/s equivalent-time sampling, can make measurements on 10 nsec pulses with 100
psec resolution.

When measuring amplifier droop, automated measurements become important. Droop is one of the 16 automated pulse mea-
surements available from the RTP5000 family. Figure S-2 shows the effects of droop on a reference signal.

RTP5000 power sensors may be used with a PC running the Boonton Power Analyzer Software or with the PMX40 power
meter for a benchtop instrument experience. Either way, they provide an ideal tool to characterize radar and EW signals.

[T —
Anriste P Aratran

B ——
© Mt Putse Rasiis

I T ] - v v [ R e

Best v Gk b

[ T RGO | L ]

e o e g e

A Fig. S-1 Pulse rising edge with automated 10/90% rise time
measurement shown by the blue arrow.

A Fig. S-2 Comparison of live trace with memory to see the
effect of signal changes on droop.

Catch up on the latest industry news with the bi-weekly video update
Frequency Matters from Microwave Journal @ www.microwavejournal.com/frequencymatters

Frequency Matters.

A Quasioptic 0TA
Transmission at 285 GHz Cables & Connectors
with 30 GHz Bandwidth Special Focus

RF SMP Board-to-Board

Planar Phased Array Connectors Market Review

Radar Design Challenges

Sponsored By

68 MWJOURNAL.COM ® MARCH 2023



© Copyright 2022 Nxbeam  //

() Nxbeam

Ka-Band

Power

Maximized performance for

linear power applications

GaN MMIC's to 40W

Nxbeam's suite of Ka-band PA MMICs offers
customers an unparalleled combination of
power, gain, and efficiency with proven
reliability.

Packaged MMICs to 35W
Nxbeam offers its Ka-band MMICs in
leaded flange packages for easier system
integration

Module Products to 60W

For higher levels of power and integra-
tion, Nxbeam offers modules that combine
multiple Nxbeam MMICs to achieve higher
performance in an easy-to-use form factor.
Custom designs available

27 TO
31 GHz

PRODUCTS:

NPA2001-DE
NPA2002-DE
NPA2003-DE
NPA2030-DE

PRODUCTS:

NPA2001-FL
NPA2002-FL
NPA2003-FL
NPA2030-FL

PRODUCTS:

NPM2001-KW
NPM2002-KW
NPM2003-KW

nxbeam.com // info@nxbeam.com




SpecialReport

70

B

How to Reliably Align
Compression Connectors
for mmWave Applications

Jean-Jacques Delisle
IXS, Theodore, Ala.

t frequencies below several GHz,

the impact from solder process

variations and other fabrication

and assembly factors is typically

benign when good design practice is used.
At tens of GHz, the impact from fabrication
and assembly variations becomes signifi-
cant enough that minimizing tolerances in
the signal path is essential for many appli-
cations. This is why compression-mount test
connectors are becoming an increasingly
popular solution for upper mmWave inter-
connects in test, prototyping and diagnostic
applications. Another factor to consider is
that compression connectors are also com-
pact, which is advantageous as many up-
per mmWave applications are also now at
far greater levels of interconnect density on
boards with shrinking available board space.
However, these connectors are not with-
out their challenges. The compact form fac-
tor and necessarily small size results in the
potential for misalignment, as the tolerances
for these connectors and landing pads are
extremely tight. It is entirely possible to mis-
align coaxial compression connectors with-

out knowing until the test setup is underway
and unpredicted test results are observed.
Fortunately, there is now a solution to this
challenge that provides an easy-to-read vi-
sual indication of the proper alignment that
speeds up the assembly and alignment of
compression connectors.

WHY COMPRESSION CONNECTORS?
There is a growing demand for precision,
high frequency test connectors that reach
and exceed, 90 GHz bandwidth. This is a
result of everclimbing data rates, such as
224 gigabits per second (Gbps) pulse am-
plitude modulation 4-level (PAM4) and the
increased interest in developing mmWave
communication and sensing technologies
operating in V-Band (40 to 75 GHz), W-Band
(75 to 110 GHz) and beyond. The higher
data rates used in backhaul and network-
ing infrastructure necessitate the use of RF
test equipment for development, verifica-
tion and even troubleshooting. Hardware
components of mmWave communication
and sensing systems, even for devices that
operate in the lower portion of V-Band, of-
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ten need to be tested at many times
their maximum operating frequency
to capture nonlinear and harmonic
performance.

The maximum frequency of a
transmission line, be it planar or co-
axial, is dictated by the dimensions
of the conductors and the spacing
between them. To realize higher-
frequency transmission lines, the
physical geometry of the planar
traces and the coaxial conductors
in a coaxial connector and cable
are necessarily smaller than their
lower-frequency counterparts. For
some applications, this is advanta-
geous, as it allows for higher levels
of interconnect density. An example
of this is the multitude of antenna
feeds from advanced/active anten-
na systems operating in the upper
mmWave range.

As the physical dimensions of the
interconnect shrink, the tolerances
associated with interconnect place-
ment and fixturing also need to be
tighter, meaning that many align-
ment strategies that are appropri-
ate for larger interconnects are no
longer viable with minute high fre-
quency interconnects.

The Main PCB Surface Trace
Interconnect Solution Parameters
Bandwidth (Hz)

Insertion loss (dB)

Return loss (dB)

VSWR

Impedance (Q) typically 50 or 100 Q
Power handling capability (dB)
typically specified for continuous
wave and/or peak

Repeatability

Ease of use and setup consider-
ations

* Cost

PCB SURFACE TRACE
INTERCONNECT SOLUTIONS

There are a variety of high fre-
quency interconnect methods for
attaching test and diagnostic equip-
ment to surface traces or landing
pads on a PCB, each with benefits
and drawbacks. Given the desirabil-
ity of broadband operation, coaxial
interconnect and broadband planar
transmission lines are common for
these applications. Hence, the in-
terconnect challenge is to ensure
reliable, repeatable, high precision
connections between minute land-

ing pads of planar transmission lines
to the test leads of high frequency
test equipment.

The PCB Surface Trace Interconnect
Solutions

e Coaxial cable directly soldered to
surface planar transmission lines

e Coaxial connectors, either sur-
face, through-hole or edge-
mount soldered

® Pre-manufactured or custom sin-
gle-use solder test leads
Coaxial probe station
Compression connectors, either
surface or edge-mount

The traditional method is to di-
rectly solder a coaxial cable center
conductor and outer conductor
(shielding) to the landing pads on a
board. This is often used to bridge
two surface transmission lines or
when using half of a coaxial cable
assembly to connect surface trans-
mission lines to external equipment.
Though this method is functional,
the poor tolerances achievable with
hand-soldered and hand-prepared
coaxial capable cutoff sections
means this method is likely to have
the lowest precision and repeat-
ability. Depending on the technique
used, this method likely will not be
suitable for mmWave applications
unless performed by a skilled tech-
nician with specialized equipment.

A more accessible and universal
approach is to use surface, through-
hole or edge-mount coaxial con-
nectors that are attached to the
landing pads with solder. If bonded
properly, this method can provide a
rugged connection that can be both
reliable and compact. This method
does require some effort to ensure
alignment, but some connector
types can be assembled automati-
cally by pick and place technology.
The main issue with this approach
is the limitation of the tolerances
of the solder bonds between the
center and ground pins of the co-
axial connectors and the landing
pads. At 100 GHz, the free space
wavelength is about 3 mm. A com-
mon rule of thumb is that geomet-
ric features that are on the order of
one-tenth or even one-twentieth of
a wavelength are significant. This
means that achieving feature sizes
for the solder connections that are
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less than 300 um and even 150 um
is required for high precision and re-
peatable interconnect applications.
This is not readily done by hand
without the tools and expertise of a
skilled technician, but it is within the
capability of machine assembly.

A solution to address the re-
peatability problem is to use pre-
manufactured or custom solder test
leads. However, the frequency limi-
tations of this solution make it more
suitable for use with oscilloscopes
for probing time-domain signals
to several GHz. These are used in
place of hook or hand-probed inter-
connects. These connection types
are only capable of reaching a maxi-
mum specified frequency range of
20 GHz. They are also costly to use
and are often limited to single-use
or several uses at most. Ultimately,
these types of connectors are not
suited to upper mmWave applica-
tions.

Another approach is to avoid at-
taching the test leads to the landing
pads and instead press the precision
contacts of transmission lines to the
landing pads. A probe station can
test these board-level test points
and transmission lines while only
minimally impacting the test board.
Some precision probes reach 500
GHz of bandwidth using ground-
signal-ground style probe tips with
waveguide interconnect. Alterna-
tively, precision probes can reach up
to 145 GHz with a coaxial intercon-
nect. Some probes have multiple
signal lines on a single probe head,
which could help test multiple high
speed differential lines. However,
using precision probes requires a
probe station, which is typically a
capital expense item and requires
an experienced technician to oper-
ate.

COMPRESSION CONNECTOR
BENEFITS

Another commonly available op-
tion for high precision mmWave
interconnects is threaded, coaxial
compression connectors. This type
of connector is becoming more
popular because of its ease of use,
reusability, repeatability and perfor-
mance. Compression connectors
are much like soldered coaxial con-
nectors, with the exception that the

center conductor and ground con-
nections are made through preci-
sion-designed compression contact
surfaces, similar to a probe station
and they do not require soldering
for attachment. Instead, mounting
screws are typically used to provide
the fixturing and alignment.

Since soldering and through
holes are not required, surface
mount compression connectors can
be used on traces anywhere on the
board surface and not just the edge.
End-launch compression connec-
tors require a precision milled sur-
face at the edge of the board that
is precisely positioned with respect
to a surface planar transmission line.
This does not fit all testing applica-
tions, so a surface mount compres-
sion connector that can be attached
to mounting holes anywhere on the
surface prevents the need to route
planar transmission lines to the
edge of a board.

COMMON METHODS OF
COMPRESSION CONNECTOR
ALIGNMENT

mmWave compression connec-
tors are compact in size. The overall
footprint for 2.92 mm board con-
nectors that will provide 40 GHz
maximum mode-free  frequency
operation is typically around 10 x 6
mm with about 7 mm pitch between
mounting screws. For 1.35 mm
board connectors, these dimen-
sions shrink to about 10 x 4 mm with
a similar pitch. However, the center
contact diameter for the 2.92 mm
connector is around 508 um and the
center contact for the 1.35 mm con-
nector is half of that, at 254 um. The
trace widths of the landing pads for
these connectors are roughly the
same dimensions as the center pin
diameters. That means that the tol-
erances to achieve an optimal inter-
connect with the 1.35 mm connec-
tor is roughly half of that of a 2.92
mm connector, leaving little margin
for error.

Methods are needed to ensure
alignment with these connectors
so that the connections are precise
and repeatable. The most common
method relies on the screws used
to fixture the compression connec-
tor to the RF board. Another com-
mon method uses alignment pins
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A Fig. 1 Potential tolerance issues
arising from screw or pin alignment with
machined holes in a PCB.

upper mmWave interconnects, it can
easily lead to misalignment issues
based on screw or pin misalignment
with the machined features of a PCB.
This analysis does not include poten-
tial tolerance issues associated with
manufacturing the screw or align-
ment pin along with the connec-
tor housing mounting holes, which
would also contribute to the overall
alignment accuracy of these meth-
ods. Some examples of these toler-
ance issues are shown in Figure 1.
Alignment issues may also allow
enough “play” between the two
screws to permit undesirable rota-
tion around the axis of the coaxial
connector as shown in Figure 2.

Rotational Misalignment
During Assembly

(a) (b)

Proper Alignment

The dimensions between the sig-
nal trace and the
ground of the con-
nector housing are
critical for the elec-
trical performance
of the connection
interface, so this
type of misalign-
ment can cause

A Fig. 2 Rotational misalignment (a) and proper alignment

(b) of a compression connector on a PCB.

that are inserted through a feature
on the compression connector body
and the PCB.

There are a few challenges with
these approaches. The PCB manu-
facturing process is done in several
stages with large format boards that
undergo etching, solder mask, silk-
screening and milling in different
machines. These boards are likely
handled by different operators in a
high-paced manufacturing environ-
ment, which means indexing the
large format PCB at every stage for
each job, often using mechanical
and visual indicators.

This fixturing can be manufac-
tured to reasonable tolerances, but
it varies from board to board and the
run-out of a board can be inconsis-
tent between runs. The machining
tolerances of a board can also vary
depending on the tooling type, tool
wear, operator skill and machine
calibration. This leads to a tolerance
stack-up between the etching and
machining operations that can eas-
ily amount to hundreds of microm-
eters. Since this tolerance stack-up is
the same order of magnitude as the
contact area and trace widths used in

transmission  line
performance deg-
radation, compli-
cate testing and
may invalidate test results. A slight
misalignment caused by screw
and pin alignment techniques may
also be difficult for an assembler
to detect. The operator may only
become aware of the issue during
electrical testing when the difficulty
of troubleshooting the connection
could be considerable.

It is desirable to use a visual align-
ment tool or indicator to get a clear
indication of alignment. Typically,
the perimeter of the outer housing
is the only feature of these types of
compression connectors that gives
a useful visual indication of align-
ment. There are usually some flat
surfaces on the outer housing of
these connectors, but this is gener-
ally not considered a critical feature
so these surfaces may not be ma-
chined to the same tolerance level
as the internal features of the co-
axial conductors.

Electrical testing has been the
main method for ensuring the align-
ment of these connectors. This is
often done by measuring the de-
vice under test or system under test
performance and confirming that
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TDR - 90 GHz BW
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A Fig. 3 TDR measurement of an aligned and misaligned
1.35 mm compression connector (a). Return loss of aligned and
misaligned connectors at the landing area (b).
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A Fig. 4 Side view of visual alignment grooves on a 1.35 mm

threaded compression-mount coaxial connector (a). Top view of
visual alignment grooves on a 1.35 mm threaded compression-

mount coaxial connector (b).

it meets electri-
cal tolerances.
Alternatively, the
interconnect may
be tested using a
time-domain re-
flectometer (TDR)
or a network ana-
lyzer. Figure 3a
shows TDR results
from an aligned
and  misaligned
and

connector

Square Pey;
N
b Round Hole?
|

WEINSCHEL
ASSOCIATES
BROADBAND RF
MICROWAVE
SOLUTIONS
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Figure 3b shows return loss results
from an aligned and misaligned
connector. This type of testing can
be time-consuming and potentially
misleading if there are other inter-
connect issues with other RF hard-
ware, defects in the transmission
lines or issues with the interconnect
between the board and RF hard-
ware.

NEW VISUAL ALIGNMENT
TECHNOLOGY FOR
COMPRESSION CONNECTORS

To reliably achieve alignment with
these small form factor mmWave
connectors requires a positive vi-
sual indication alignment feature
designed into the compression con-
nector and the PCB. Using fiducials
on a PCB is standard practice for
automated component placement
(pick and place machines). This
technique is also used to align irreg-
ularly shaped or larger parts like in-
ductors, capacitors and transistors.
It has become good practice to use
PCB surface metal fiducials near the
landing pad of the surface traces to
minimize alignment tolerance issues
caused by the metal etching pro-
cess.

Another possibility is to include
precision features in the visible ar-
eas of the connector housing that
are designed to align with the PCB
fiducials. Visual guides in the coaxial
area of the compression connector
are not possible as this area is con-
cealed by the coaxial housing dur-
ing installation. These visual guides
should be located as close to the
connector body as possible while
being readily visible during assem-
bly. Also, these visual guides should
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A Fig. 5 VSWR plot of 2-port tests of Samtec’s 1.35 mm threaded compression-mount

coaxial connectors.

be close to the PCB surface to mini-
mize any potential misalignment
caused by perspective. As an exam-
ple, precision machined alignment
grooves on the opposite sides of
the base of the compression-mount
connector would provide the neces-
sary visual guide.

Samtec’s new threaded compres-
sion-mount connectors are an ex-
ample of this approach, with visual
alignment guides machined into

the base of the connector housing
as shown in Figure 4a and Figure
4b. This approach enables visual
indication of any x, y or rotational
misalignment of the compression
connector with reference to the sur-
face metal layer of the PCB. If the
PCB fiducials are specifically de-
signed for the connector alignment
guides, there is visual assurance that
the connector center pin and recess
for the planar transmission line trace

—
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will be aligned with the PCB landing
pad.

Testing accuracy and repeatabil-
ity are major concerns for devices
operating in the upper mmWave
frequency range. A suitable inter-
connect solution should be able to
provide good performance and re-
peatability over several installation
cycles. Figure 5 plots measured
VSWR for 10 samples (five tests us-
ing a two-port network analyzer),
where 1.35 mm compression-mount
coaxial connectors are assembled
on either side of a planar transmis-
sion line. Using this method, the
VSWR performance can be extract-
ed from both the port 1 and port 2
connectors.

The results of the VSWR plot in
Figure 5 show excellent perfor-
mance, especially between 50 and
80 GHz. VSWR is lower than 1.2:1 at
the connector’s cutoff frequency. It
is important to maintain alignment
during installation since connecting
the test cables to the compression-
mount connector can create some
rotation. Anti-rotation tools can be
used to hold the connector in place
while the test cable is connected
and disconnected. This is typically
done using a wrench or a pair of
pliers to counteract the force of the
torque wrench used to tighten the
coaxial connector to specification.

CONCLUSION

Higher data rates for network-
ing and backhaul communications,
along with higher operating fre-
quencies for communications and
sensing technologies are leading
to an increased need for high fre-
quency, precision interconnect so-
lutions. To allow these connectors
to operate at higher frequencies
and interconnect densities with a
minimal board footprint, the entire
interconnect solution needs to be
very compact. Precision alignment
of the center pin of these connec-
tors to the landing pad at these
high frequencies is both challeng-
ing and a critical requirement. The
visual alignment technique de-
scribed and implemented in Sam-
tec’s new threaded compression-
mount connectors help address the
alignment challenges associated
with mmWave compression-mount
connectors. B
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RF SMP Board-to-Board Connectors

F mezzanine board-to-
board (BTB) connec-
tors have been used
extensively to allow for
RF signal connections between the
RF power amplifier printed circuit
board (PCB) and the radio transceiv-
er (PCB) within radio units (RUs) and
remote radio units (RRUs) since the
transition from UMTS to LTE tech-
nologies for wireless mobile radio
access networks (RAN). These ra-
dio systems were low order MIMO
systems ranging from 1T2R, 2T2R,
4T4R and 8T8R architectures. The
quantity for these RF BTB connec-
tors was one set for each RF chan-
nel, consisting of two male PCB
connectors (either through hole or
surface-mount) and one female-fe-
male bullet to connect the transmit
(Tx) and receive (Rx) paths from the

86

Market Review

Earl Lum
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radio transceiver PCB to the power
amplifier PCB and one set to con-
nect the power amplifier PCB to the
RF channel filters.

An  Ericsson RRUS11 (code
named Platform 4) 2T2R LTE RRU,
shown in Figure 1, is used as an ex-
ample of this type of radio system
architecture shipping in the 2010
to 2013 timeframe with ten sets of
RF micro coaxial connector (MCX)
BTB connectors between the radio
TxRx PCB and the RF power ampli-
fier PCB with quick lock SMA (QMA)
cable connectors between the RF
power amplifier PCB and the RF du-
plexer filters.

The Ericsson RRUS12 (code
named Platform 5) 2T2R LTE RRU,
shown in Figure 2, is an example
of the next generation radio system
architecture shipping in the 2012 to

2015 timeframe. This radio system
architecture had eight sets of sub-
miniature push-on (SMP) BTB con-
nectors and only one PCB (radio
TxRx/RF power amplifiers) and the
RF duplexer filter and replaced the
QMA cable connectors with blind
mate catcher's mitt SMP BTB con-
nectors to reduce the manufactur-
ing complexity compared with RF
cable assemblies.

IMPACT OF MASSIVE MIMO
RADIO SYSTEMS

The introduction of production
64T64R massive MIMO (mMIMO) ra-
dio systems (see Figure 3), coupled
with pre-5G mMIMO systems by the
Chinese OEMs (Datang Telecom,
Fiberhome Technologies, Huawei
Technologies and ZTE Corporation)
for China Mobile's TDD-LTE 4.5G
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mobile network in the 2015 to 2016
timeframe created a high volume re-
quirement for high performance low-
cost 5 to 20 W RF BTB connectors for
first generation system architectures.
The integration of the antenna array
within the radio system architecture
increased the requirement for the
quantity of BTB connector “sets”
for a 64T64R system from the radio

CABLES & CONNECTORS m MARCH 2023

TxRx/RF power amplifier PCB to the
RF filter distribution PCBs to also in-
clude the RF signal paths between
the RF filters to the mMIMO antenna
array PCBs.

An example, shown in Figure 4,
of an early first-/second-generation
64T64R radio system architecture
uses 66 sets of MMBX through
hole male catcher's mitt and fe-

male-female bullets to connect the
radio TxRx/power amplifier PCB to
the RF filter subsystem. Each dual-
channel RF filter has two MMBX
male catcher’s mitt connectors and
two MMBX female connectors for
a total of 128 RF connectors for
each 32T antenna array. In this ar-
chitecture example, a total of 326
RF connectors are needed to com-
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MWC Barcelona 2015 ZTE
64T64R pre-5G mMIMO radio/antenna
system (Source: EJL Wireless Research).

plete the system. The length of the
barrel/bullet connectors depends
upon the clearance needed be-
tween the radio TxRx RF shield and
the RF filter subsystem and/or the
RF filter subsystem to the antenna/
combiner PCB.

POGO PINS FOR RF BTB
CONNECTORS

Pogo pins have been used ex-
tensively as probe contacts for
semiconductor test equipment
and can handle high levels of cur-
rent, up to 30 A, but typically have
been as a signal/electrical contact
source where the entire body is
metal as shown in the examples
in Figure 5 with an inner spring
mechanism.

Before its export ban in May
2019, Huawei Technologies had al-
ready replaced the costly MMBX/
SMP_RF BTB connectors with low-

cost pogo pins for all of its RF co-
axial connectors for all of its 5G
mMIMO radio antenna system plat-
forms, substantially decreasing the
global TAM for these types of RF
connectors although the company
continues to use RF coaxial con-
nectors for its high-power 5G RRUs.
The first generation pogo pins used
are shown in Figure 6 while the im-
proved second-generation design is
shown in Figure 7.

What is different about the pogo
pins used for RF signal paths as
shown in Figures 6 and 7, is that
the pogo pin itself acts as the cen-
ter conductor for a coaxial connec-
tor with the insulative housing sur-
rounding the pogo pin (see Figure
8). The pogo pin and insulative jack-
et is then inserted into an RF shield
system which acts as the outer con-
ductor or ground plane for the co-
axial pogo pin system.

SUPPLIERS

So, who are the main global sup-
pliers of RF BTB traditional coaxial
connectors? Here is a short list of

known suppliers:
* Amphenol RF

e HUBER+SUHNER AG

e Molex LLC

e Radiall S.A.

e Suzhou Recodeal Interconnec-

tion System Co., Ltd./ Suzhou Ru-

ida Connection System Co., Ltd.
e TE Connectivity Ltd.

For traditional pogo pins, a
truncated list of known suppliers is
shown here:

e CFE Corporation Co., Ltd. (China)
e MILL-MAX Mfg. Corp. (U.S.)
e Shenzhen Rtench Technology
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Co., Ltd. (China)
e Suzhou Shengyifurui Electronic
Technology Co., Ltd. (China)
* Yokowa Co., Ltd. (Japan)
We are unable to provide the
supplier for the RF pogo pin solu-
tions shown in Figures 6, 7 and 8.

RF BTB CONNECTORS -
ALPHABET SOUP

The designation of an RF SMP
BTB connector is extremely broad
as a family of products with nu-
merous specific sub-types that are
sometimes associated with the IP/
design from a specific vendor. Size,
cost, frequency of operation and
misalignment tolerances typically
dictate which type of RF SMP BTB
connector solution is used within a
radio system. Table 1 illustrates just
a few of the many different types of
RF SMP BTB connectors available
from one major vendor.

Adding to the alphabet soup of
the RF SMP BTB connector solu-
tions are the CSMP variant that is
usable up to 65 GHz, similar to the
SMPM solution from Radiall, the
ASMP variant that is usable up to
26.5 GHz, and the PSMP/P-SMP
which operates up to 10 GHz and
can handle 200 W of power.

The letter that is very interesting
is “R.” The reachable SMP (RSMP)
and RSMP+ variants have been
developed by Suzhou Recodeal In-
terconnection System Co., Ltd. in
China and awarded a patent and
(to our knowledge) is only licensed
to Changzhou Amphenol Fuyang
Communication Equipment Co.,
Ltd. This deal excludes traditional
European RF connector suppli-
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Sub-system PCB stack for 64T massive MIMO radio antenna system (Source: EJL Wireless Research).
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600 MHz & 3500 MHz PIM Test Analyzers

For future 5G technology Rosenberger introduces
low-PIM components as well as PIM test solutions
for all applications — new rack and portable desk-

top analyzers, and band filter units for 600 MHz &
3500 MHz measurements.

The portable desktop analyzer offers high flexibility
for measurements in production lines, R&D and test
labs.

www.rosenberger.com/pia

Rosenberger rack analyzers are designed to make
PIM tests in production or test lab environments as
modular, precise, and efficient as possible.

Due to the cost-effective broadband design up to
11 different band filters can be added to the broad-
band base unit. A fast band selection is possible via
an optional switch matrix.
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Second-generation pogo pin
design for Huawei AAU (Source: EJL
Wireless Research).

COVER FEATURE

ers such as Rosenberger Hochfre-
quenztechnik GmbH & Co. KG,
HUBER+SUHNER AG and Radiall
S.A. (see Figures 9 through 11).

MARKET OUTLOOK

While 5G deployments in the
US. are expected to be mostly

completed by the

B

~ "Coaxial” Pogo Pin Solution

end of 2023 and
continue to inch
along in Europe, In-
dia has emerged as
the next opportu-
nity for 5G deploy-
ments. The first
phase of the 5G
networks for Bharti
Airtel, Reliance Jio
and Vodafone Idea
will be supplied by
RAN  equipment
vendors Ericsson,
Nokia and Sam-

A

Second-generation coaxial pogo pin BTB example
for mMIMO radio systems (Source: EJL Wireless Research).

sung Electronics as
the Chinese OEMs,
namely Huawei

TABLE 1
RADIALL S.A. RF SMP BTB CONNECTORS

BTB Connector Types Operating Frequency (GHz)
SMP DC to 40
SMP-LOCK™ DC to 40
SMP-COM DCto 12.4
SMPM DC to 65
SMPM-LOCKT™ DC to 65
SMPW!1 DC to 100
SMP-MAX2 DCto 6
MMBXTM 3 DCto 12.4

Source: Radiall S.A.

1 Also known as WSMP

2 Wider misalignment tolerance than SMP-COM
3 For BTB distances < 7 mm

Various examples of pogo pins
from different manufacturers.

First-generation pogo pin
design for Huawei AAU (Source: EJL
Wireless Research).
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Technologies and ZTE, have been barred. While India,
with its government and tech sector having high aspi-
rations for a home-grown domestic Open RAN equip-
ment ecosystem, has the potential vendors, their solu-
tions remain unavailable until potentially the second
phase of the 5G network deployments. The unique cost
structure for RAN equipment in India will make it chal-
lenging for any Open RAN equipment vendor as well as
RF connector and component suppliers to participate.
Regarding the 5G market in China, it has essentially
been on hold for mMIMO antenna solutions since 2019
to 2020 when Huawei Technologies was put onto the
Entity List by the U.S. Commerce Department’s Bureau
of Industry and Security and banned from purchasing
advanced U.S. semiconductor chips and access to U.S.
developed/manufactured advanced semiconductor
wafer fab equipment and foundry services. While Hua-
wei had stockpiled a sizable amount of semiconductor
application-specific ICs (ASICs) in anticipation of such
action from the U.S., we believe that it has consumed
the majority of these critical semiconductor chips over
the past several years, biding time, perhaps until it can
port its TSMC ASICs over to SMIC's < 10 nm process
nodes. We believe that such an event would trigger the
ramp of 5G deployments again in China. Such a ramp
would require 3 million+ 32 Tx and 64 Tx mMIMO radio
antenna systems but with domestic Chinese/Taiwanese

MHF® 7S

Shielded RF Connector
1.5 VSWR max @ 15 GHz

WWWw.i-pex.com
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suppliers only and potentially with little to no BTB RF
connector sockets available to non-Chinese/Taiwanese
suppliers or at all if ZTE Corporation also converts to
the use of RF pogo pin solutions. B
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/A Fig. 10 Suzhou Recodeal through hole RSMP RF BTB
connector solution (Source: Suzhou Recodeal Interconnection
System Co., Ltd.).

/A Fig. 11 Amphenol SMT RSMP RF BTB Connector Solution
(Source: Amphenol Fuyang).
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System Interconnect and Precision Test

375+ models in stock
Custom assemblies available on request

Rugged design and construction

Precision Test Cables Interconnect Cables VNA Cables
Options for every Wide selection of Crush and torque resistant
environment: armored, connector options

Competitive pricing,
phase stable, temperature from SMA to 2.4mm starting at $1,795 ea.

stable, ultra-flexible, 0.141, 0.086 and 0.047"
and more. .
center diameter

Adapters:
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2.4mm, 2.4mm-NMD, 1.8mm

1 Mini-Circuits



$ & /

CABLES & CONNECTORS

- CIALFOCUS

SPECIAL REPORT

RF Interconnect Requirements for High
Performance Quantum Computing

Technologies

David Slack

Times Microwave Systems, Wallingford, Conn.

uantum computing

technology, the next

frontier of computa-

tion, has been in de-
velopment for several decades, but
it is starting to heat up as technol-
ogy continues to advance rapidly.
Representing a significant shift in
computing performance capabili-
ties, quantum computing will save
years of development time and a
substantial amount of money in
engineering design as it becomes
more prevalent.

Leading manufacturers already
utilize some form of quantum com-
puting to tackle incredibly compli-
cated operations. The primary use
cases involve scenarios consisting of
a complex problem with many thou-
sands of inputs for applications in-

94

cluding cybersecurity, financial and
economic modeling, aerodynamic
and thermodynamic modeling,
cosmology simulation and more.
To use aerodynamic and thermo-
dynamic modeling as an example,
certain developments in hypersonic
aircraft are stretching the limits of
the known aerodynamic and aero-
thermodynamic design principles.
Computer simulations of these phe-
nomena using the best supercom-
puters available can take weeks to
perform. Speeds and velocities still
need to be well known, so much
physical testing is also being done
today to understand these proper-
ties. A quantum computer running
those models instead would be sub-
stantially faster and involve much
less physical testing.

QUANTUM COMPUTING AND
MICROWAVE ENGINEERING
The primary element for com-
putations is called a quantum bit
or qubit. However, unlike the bits
that power a classical computing
machine representing data as a
one or a zero, quantum data can si-
multaneously be a one and a zero.
This mechanism enables a quantum
computer to process information
significantly faster and more effi-
ciently than a classical computer.
Qubits act similarly to a micro-
wave resonant circuit; they can be
driven from a zero state to one state
by moving them with a microwave
signal. Under this driven condition,
the probability of being a one or a
zero state varies sinusoidally with
time. Like other signals, the qubits
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Sanko is a company based in Malaysia, set up in the year
2019, where the pandemic, unfortunately, hit us very
unexpectedly. However, come April 2021, we have
successfully become a partner of Bird for Radio Frequency

Expert Test Equipment, whereby we manufacture all products

involving Vector Network Analyzers, Signal Generators and

Provider for Signal Analyzers (also includes Spectrum Analyzers).
Wi reless We understand that RF test equipment has grown to become

rather costly to own or even rent. Hence, our company’s
motto is to provide test equipment with at an affordable cost

(] (]
Communlcatlon without compromising product quality. On that note, we
would like to introduce the pride and joy of our product

Test Equipment lineup, the BN100+.
/

High-performing VNA that offers a wide range of
capabilities in a compact form. Being capable of
USB Vector P P 2 P

replacing traditional bench-top VNA, it is ideal for
users in the laboratory, manufacturing, and R&D

Network Analyzer departments. On top of that, its user-friendly
design and features make it easy for users to set
up the equipment to be used, together with LED
indication for better visibility.

+ Frequency range of 300kHz to 6.5GHz

+ 2 test ports and 1 ground terminal

+ Wide dynamic range
v Low noise level
+ High-resolution scanning capabilities

Retail Price of ] vsis £ )
USD 5'499 v Various ana ysis unctions

+ Easy to connect to a PC

/

Over the year 2023, we will also be releasing an 8.5 GHz, 4-ports USB-type VNA and a 40GHz VNA.
So stay tuned as we continue to provide solutions that will help realize the future of RF technology.

jt.oh@sankorf.com @ www.sanko.my



have a magnitude and a phase rela-
tionship. One of the limiting factors
in quantum computing is that when
the resonator is under this driven
condition, it can only be predictable
and controlled for a certain period.
This is because, like with any resona-
tor, there are effects that will cause it
to lose energy and stop resonating.
The limiters are called the cor-
relation of the qubit. When qubits
become de-correlated, and they
are no longer predictable and con-
trolled; it is analogous to bit errors
in data and creates computational
issues. As a result, the correlation
and control of qubits are one of the
fundamental driving issues behind
the technology development. It
boils down to the fact that “noise”
is introduced from thermal, mag-
netic and mechanical sources.
Microwave hardware can feed
these resonators and minimize
contaminations. One of the prime
limitations is ultra-low noise driv-
ing signals for qubits, especially low
phase noise, so a great deal of work
is going on in the applications of ul-
tra-low phase noise oscillators and
similar technologies. When mul-
tiple bits are present, they can be
coupled and controlled by driving a
signal at a microwave frequency. It
can be amplitude and phase modu-
lated to give it specific properties.
Aside from the low noise sources
of these driving signals in precise

ized,
y,Selections and Configurations

Available for Your Application

HASCO Components

Phone +1 (888) 498-3242
info@hasco-inc.com

= Q03w
modulation schemes, the hardware
minimizes that contamination.

QUANTUM COMPUTING
REQUIRES SPECIALIZED RF
AND MICROWAVE CABLE
ASSEMBLIES

The unique complexities of quan-
tum computing require robust RF
interconnects and cable assemblies
to reliably transport qubit informa-
tion to and from the quantum pro-
cessor. This includes cables that can
operate in extremely low tempera-
tures, space-constricted environ-
ments and options that will not in-
terfere with applied magnetic fields.
One of the essential requirements
to maintain low noise is to operate
in very low temperatures. Quantum
computers need to be exceptionally
cold to be stable. These tempera-
tures are typically colder than the
vacuum of space with temperatures
down to -459°F.

RF cables constructed using a
silicon dioxide (SiO2) dielectric are
used throughout the microelec-
tronics industry for their excellent
insulating properties and to offer
semi-rigid cable solutions that are
highly temperature and radiation re-
sistant. These rugged, low loss and
phase-stable coaxial assemblies
were initially developed to support
spaceflight missions, where the re-
quirements of being vacuum sealed
and able to withstand extremely low

v
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Examples of Times Microwave
SiO2 cables.

temperatures are essential. SiO2
cable assemblies represent a signifi-
cant advancement in coaxial cable
technology, providing exceptionally
low hysteresis with phase and loss
values returning to the same values
at a particular temperature even af-
ter being in extreme environments.
This type of cable works at tempera-
tures ranging from just above abso-
lute zero to 1000°C. Figure 1 shows
some examples of SiO2 cables.
The SiO2 coaxial cable construc-
tion begins with a solid oxygen-free
copper center conductor, a SiO2
insulating dielectric and a stainless-
steel jacket with copper cladding
to act as the outer conductor. Us-
ing the development techniques
for creating SiO2 cables and harsh
environment aspects as a launch
point, the next logical step is to
apply materials that are more ad-
vantageous to quantum computing
applications. Two material types fit
into this space well and are applied
at different temperature levels: Cu-
Ni-based semi-rigid construction

TEST & MEASUREMENT

~ ; TELECOMMUNICATION

S) (=) @ YouTube

vy hasco-inc.com/rf-cable-applications
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Junkosha Showcases High-End mmWave Cabling Solutions

Over the last 18 months, Junkosha has launched a range of high-end mmWave cabling solutions.
These include:

[ Series

- Phase and amplitude stable against temperature

- ePTFE tape wrapped cable offers reduced phase and amplitude drift

- Promises consistent performance in inter and intra batch quality

- Core qualities enable usage in environments where significant temperature gradients are experienced across cable assemblies
- Supports repeatable measurement results across applications like phased array radars, 5G antennas and automatic test environments

8 Series

— v

- Exhibits excellent phase (within +/- 4.5° at 50GHz), and amplitude (within +/- 0.08dB at 50GHz) stability in flexure
- Strong phase stability in temperature through its 50GHz bandwidth

- Displays impressive performance durability, surpassing 40,000 tick tock cycles during testing

- The cable is wrapped 180" on a 2.25" radius mandrel with ease, demonstrating superior flexibility and no spring back
- Ruggedized port side NMD connector is also available to ensure reliable connections to the VNA

For more about our wide range of cabling solutions, go to https://www.junkosha.com/en/products/cable

Junkosha Inc. Junkosha USA Inc. Junkosha USA Inc.
Tokyo Business Center West Coast Office European Office
15F Ochanomizu Kyoun Bldg. 2415 Campus Drive 113 The Promenade
2-2 Kanda-Surugadai, Chiyoda-ku  Suite 140 Cheltenham

Tokyo 101-0062 Irvine, CA 92612 GL50 1NW
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Typical quantum computing system.

is used from room temperature to
~4K and NbTi construction from 4K
down to 4mK. The NbTi is a super-
conducting cable that is designed
to interface with the quantum pro-
cessor directly.

Figure 2 shows a typical quan-
tum computing system, where the
quantum CPU (QCPU) is held at
superconducting temperatures. RF
cable assemblies are used through-
out the entire system starting at
the QCPU through the different
temperature levels and out of the
chamber to the control electronics.
Room temperature cables play a vi-
tal role in this operation as well be-
cause phase stability is important.
These cables generally have vary-
ing lengths associated with them
and cannot introduce errors in the
systems.

HIGHER FREQUENCIES,
SMALLER SPACES

Technological advances across
guantum computing are leading
to more complicated requirements
for RF systems that accommodate
higher frequencies inside devices
that are continually getting smaller.

For example, quantum comput-
ing requires signal access points
close to processors. Cabling for
these systems is a challenge be-
cause in tight space configurations,
traditional semi-rigid solutions have
limitations; in very small sizes, they
become too fragile, making instal-
lation difficult as these assemblies
are more prone to breakage. Using
flexible cables specially designed
to optimize space, bending around
tight corners and connecting to
various ports without wasted cable

length is emerg-
ing as a preferred
option.  Durability

and material selec-
tion are additional
considerations as
these cables are
twisted around in
tiny spaces in the
challenging  envi-
ronments of quan-
tum computers.

REDUCING

MAGNETIC
INTERFERENCE

Quantum computing also re-
quires non-magnetic coaxial cables
in critical areas of the signal path
to eliminate potential interference
with applied magnetic fields. Non-
magnetic coaxial cables and con-
nectors are primarily used in ap-
plications that transmit RF signals
within a magnetic field, including
quantum computers. The presence
of any magnetic material in these
components may interfere with the
magnetic field, so a non-magnetic
or non-metal coaxial cable or con-
nector must be “invisible” to the
magnetic field. This requires very
low susceptibility and no field dis-
tortion. A class of hermetically
sealed custom coaxial cabling as-
semblies addresses this by utiliz-
ing advanced manufacturing tech-
niques that ensure zero electric
field distortion.

CONCLUSION

Quantum computing is usher-
ing in an era of significant comput-
ing performance improvements.
The technology is both incredibly
promising and extremely complex.
To help ensure quantum comput-
ers perform to their highest poten-
tial, unique microwave technologies
and RF cable assemblies will be re-
quired. As this technology is in its
infancy and is rapidly developing,
technologists should partner with
an interconnect specialist that has a
wealth of experience creating solu-
tions that have powered the most
innovative products to date, in the
most extreme conditions possible,
along with the ability to innovate as
the technology evolves. &
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110GHz HIGH PERFORMANCE
MILLIMETER WAVE CABLE ASSEMBLIES

Cable Loss <15dB/m@110GHz

VSWR <1.45:1@110GHz

Shielding Effectiveness <-90dB

Amplitude Stability vs. Flex. <t 0.1dB@110GHz
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Phase Stability vs. Flex. <*8°@110GHz

Phase Stablity vs.Temp. 400ppm@-40°C~+70°C
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m Connector Configure Unit Price(1-9pcs)
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T110-1Y-1Y-12 1mm male to 1mm male 12 $1,116
RSN S 1mm male to 1mm male 24 $1,161

¢ Connections of module to ] A S A e A A A
module or rack to rack e e e e e e e e e

» Various test systems

3 | | |
® Temperature cycle test in chamber e
| i == — S ——
w1 . a I 1 =S = - i_ i
* Military & commercial | I S— —————
millimeter wave equipment L T — — o —

Fujian Mlcable Electronic Technology Group Co.Ltd
Tel: +86-591-87382856 Email: sales@micable.cn Website: www.micable.cn

pre - L
More Information- '-'::»._.;"1: )
A

Scan the QR Code E by
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Software Encryption Enables Sharing of
|P-Protected Models

oday’s high performance

electronic  systems re-

quire design teams to in-

tegrate high speed and/
or high frequency components to
meet aggressive timelines as well
as stringent specifications. The tra-
ditional approach of “integrating in
the lab” to build out systems is nei-
ther conducive to meeting aggres-
sive time-to-market windows nor ef-
ficient from an engineering resource
perspective. The more common
practice is now to virtually integrate

100

Cadence Design Systems, Inc.
San Jose, Calif.

components from multiple suppli-
ers into one complete system-level
design to accelerate and ensure
first-pass success. Component ven-
dors are hesitant to share the level
of detail required for complete sys-
tem design and multiphysics analy-
sis simulations within the design
community ecosystem and this is a
critical hurdle to overcome with this
virtual integration methodology.

To address this situation, Ca-
dence provides a software solution
and workflow that allows vendors

to supply 3D components, like con-
nectors, to enable design teams to
merge mechanical CAD component
models with printed circuit board
(PCB) designs. Everything can be
simulated as a single, complex struc-
ture without revealing the underlying
proprietary physical IP. This improves
simulation accuracy since the PCB
and the connector can be simulated
as a complete/combined structure
instead of as a cascade of S-param-
eter models. With Cadence encryp-
tion support within its multiphysics

CABLES & CONNECTORS m MARCH 2023
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Menu to generate and export a 3D component (a), 3D connector component (b) and IP-protected equivalent model (c).

systems analysis products, specifi-
cally Cadence® Clarity™ 3D Solver
for electromagnetic (EM) analysis,
designers can freely share their elec-
tronic component designs without
the risk of revealing confidential IP.

CADENCE 3D COMPONENTS

A 3D component is an encapsu-
lated model that includes a set of
3D objects, sheets, boundary condi-
tions and ports/excitations from the
Clarity 3D Solver and Clarity Tran-

CABLES & CONNECTORS m MARCH 2023

sient Solver. Using the Clarity 3D
Solver as an example, designers can
easily import and export individual
3D component designs like those
shown in Figure 1 across Cadence
platforms such as Allegro® PCB De-
sign.

The 3D components solution
enables designers to create an en-
crypted model and choose to show
the user the outer portion of the
design without revealing the under-
lying proprietary IP. Figure 2a high-

lights the menu to generate and
export a 3D component. Figure
2b shows the 3D connector com-
ponent in full detail, while Figure
2c shows the resultant IP-protected
equivalent model displaying only
the port location and rough foot-
print outline.

Cadence’s 3D encryption of com-
ponents enables designers to edit,
share and work on high speed and
high frequency electrical compo-
nent designs with external custom-

101



CABLES & CONNECTORS

o CIALFOCUS

PRODUCT FEATURE

ers and partners. It allows designers to protect the un- field simulation while also hiding the internal structure
derlying IP of their designs when collaborating with oth- of the connector.

ers through password protection. It also hides the main

portions of the design while showing only the necessary CONCLUSION

geometries. Cadence encryption support within its multiphysics
Once a 3D component is encrypted, it can be shared. analysis products provides a solution for 3D compo-
As Figure 1 shows, the recipient of the protected IP can- nents manufacturers who are concerned about sharing
not see the inner workings of the components. The de- their valuable IP with partners. This solution enables
signer has successfully hidden the components’ IP from vendors to safely merge their mechanical CAD models
view, guaranteeing IP protection while enabling cus- with PCB designs without revealing the underlying pro-
tomers and par‘tners to use these components to carry prietary physica| |P Merging PCB designs and connec-
out their respective multiphysics system-level simula- tor CAD models results in one combined structure that
tions without any loss of accuracy. enables improved simulation accuracy.
As more vendors adopt the JAE approach, these en-
VENDOR ADOPTION: JAPAN AVIATION crypted component models will be made available for
ELECTRONICS (JAE) registered users to download from the vendor's website
JAE became the first 3D component vendor to take or through an online catalog. The protected nature of
full advantage of Cadence’s 3D component functional- the models ensures that the component IP is protected
ity within the Clarity 3D Solver, publicly announcing their while allowing the system-level design engineers access
use of the software in July 2022. Before encryption sup- to the data they need. Cadence believes that this will
port, JAE provided their connector simulation model at enable designers to model what they make and make
a very high level of abstraction as an equivalent circuit what they model, delivering high performing solutions
or S-parameter. For connector manufacturers like JAE, on time and in spec to the market.

3D CAD data of high performance connectors is confi-
dential and a highly-valued proprietary design asset not \Y)VENDORVIEW

readily disclosed. Through collaboration, Cadence and Cadence Design Systems, Inc.
JAE realized encrypted models capable of accurate EM San Jose, Calif.
www.cadence.com

Have a 43.5GHz
PNA or VNA?

DuraWave™ PS43

\\Qs\ was developed by Swift Bridge Technologies to

exceed OEM cable performance through 43.5GHz

TYPICAL RETURN AND INSERTION LOSSES* + Insertion losses at 43.5GHz are typically

AN ’ 30-40% lower than the OEM’s test port cables
o 0y« VSWR<1.25 (<-18dB S11 and $22)

« Available with precision 2.92mm
s 1 and 2.4mm connectors in various
ot : gender combinations

-90
0 7 21

=il

Return Loss
Insertion Loss

* Cable assembly length, 60cm Frequency (GHz)
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DC TO 40 GHZ

NMD Adapters

Mates Directly with Ruggedized VNA Ports

Protects VNA ports from damage and prevents
costly repairs

Allows connection with standard connector
series, saving cost on expensive VNA cables

2.4 mm and 2.92 mm options

4 Mini-Circuits
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Exploring the Role of Innovative Cabling
For 5G and Beyond

est and measurement

is a crucial application

where cable assembly

innovations  like those
introduced by Junkosha over the
years are constantly required. As
we move toward a 5G-enabled and
in the coming years a 6G-enabled
world, the cables and interconnects
used in test and measurement pro-
cesses must be of the highest stan-
dard and reliability.

5@ represents the next major evo-
lution of mobile communication tech-
nology and it is enabling next-gener-
ation applications such as the 0T, au-
tonomous vehicles and virtual reality.
The evolution to 5G brings significant
hurdles that must be overcome. For
example, frequency spectrum avail-
ability is limited and 5G operators are
looking at even higher frequencies to
deliver faster data speeds.

Advances in 5G have created in-
terestin higher mmWave frequencies
where cabling and interconnect solu-
tions must be robust to withstand the
rigor they are subjected to in many
applications. These applications may
be in the system development or
device performance characterization
phases where precision and repeat-

104

Junkosha
Irvine, Calif.

ability are required, or in the stages
of commissioning the overall system
and monitoring performance in the
production test environment.

Cabling assemblies deployed in a
test environment are often utilized with
vector network analyzers (VNAs). These
analyzers are used to test and charac-
terize individual components or a net-
work composed of many components
to ensure systems function properly
together. At mmWave wavelengths,
instances of flexure and mechanical
stress have a significant impact on the
accuracy of the results, which is accen-
tuated as frequencies increase.

Accuracy is crucial in any test
setting, but particularly so for me-
trology-grade cabling. These appli-
cations demand the ultimate preci-
sion and the highest reliability for
testing and calibration purposes. In
response, Junkosha has been show-
casing its 8 Series VNA Test Assem-
bly over the last 12 months. The 8
Series is designed as a high-quality
metrology-grade VNA test cable for
users requiring optimum precision.

Utilizing Junkosha’s precision-
engineered expanded-PTFE tape-
wrapping technology, a 25-in. long
metrology-grade cable exhibits

Typical Phase Stability in Flexure

—-| Upper Specification Limit

Test Condition

Sample Length: 635 mm
Bend Condition

1. Initial Straight Shape

2. Bent 180° 114 mm Mandrel
3. Back to the Straight Shape

Again

*| Lower Specification Limit

Frequency (GHz)

5
4 H Before Test =T
During Test -7
3 [ After Test ST
T 2 ————=
° P
& 1|
2 0
S) 3 %
R .
i Tl
o 2 IR
-3 e
4 e —
5 I I I I
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Phase stability versus frequency for flexure.
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Stability™ CABLES DELIVER
THE MEASUREMENT STABILITY YOU NEED!

@Stability Wafer"

MauryMicrowave

Light-weight and stable to improve
your on-wafer measurements.

@Stability.plus“"

Maury Microwave

Armored and stable to minimize
uncertainties in your critical mw & RF
measurements.

Low Profile and optimized for high
density applications.

Copyright © 2023 - Maury Microwave Corporation. §;j_ -::iir_"_f?

@ =jr=]e]| [} AVAV/AV/SN

Maury Microwave

Stable, repeatable, flexible and durable
for the most precise VNA measurements.
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&)Stabilityflex™

Maury Microwave

Extremely flexible and easy to use on
your test benches.
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@)Stability TVAL™

Maury Microwave

Guaranteed performance for your critical
thermal vacuum chamber measurements.

L LI--q H
www.MAURYMW.com E HE E‘n
2 5
All rights reserved £ it
i e
(=] ek,




phase stability within + 1.5 degrees at 50 GHz and am-
plitude stability within + 0.08 dB at 50 GHz in flexure.
Figure 1 shows a graph of phase stability in flexure for
this metrology-grade cable. The cable is flexible and
can maintain this level of performance when bent 180
degrees on a 2.25-in. radius mandrel, with no spring
back. Able to reach 50 GHz and available in a 2.4 mm
connector, the assembly typically achieves 50,000 tick-
tock cycles. The ruggedized port side NMD connector
is also available to ensure reliable connections to the
VNA.

A key application area for this metrology-grade mi-
crowave/mmWave VNA test cable assembly is in mea-
suring the device under test when designing a high
frequency component. This metrology-grade cable can
also be used for coaxial cable, components and de-
vice development. Offering a calibration level standard
bench test, target customers for this solution include
national institutes, calibration laboratories and service
providers who value repeatability.

Both 26.5 and 50 GHz versions of the 8 Series VNA
Test Assembly are available with NMD-style ruggedized
connectors for direct attachment to VNA test ports.
Other iterations are available on demand. It can be
shipped along with the VNA or as part of an aftersales
package to replace an existing cable.

As 5G evolves, humans and devices will require more
wireless connectivity to enable a connected world that

CABLES & CONNECTORS
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will rely on innovation to create more efficient use of the
available frequency spectrum. The demand for mmWave
frequencies has gone from the domain of the few to the
requirement of the many, thanks to varied new space and
defense applications to emerging high volume commer-
cial applications. To enable the required system perfor-
mance at higher mmWave frequencies, “phase perfor-
mance that endures” is a statement that the cable and
interconnect ecosystem must live up to, especially in the
test and measurement environment. Junkosha’s latest
solutions provide VNA manufacturers with the capability
to test the high frequency networks that are at the heart
of tomorrow’s highly sophisticated systems.

In addition to the 8 Series, Junkosha has launched
the MWX7 Series of cables within the past 12 months.
This is another in the range of high-end mmWave ca-
bling solutions. The ePTFE tape-wrapped, phase-stable
MWX?7 Series of cables deliver excellent phase and
amplitude stability against temperature fluctuations for
multiple applications. The cables offer reduced phase
and amplitude drift due to mechanical fluctuations to
support repeatable results. Junkosha’s in-house manu-
factured dielectric ePTFE tape-wrapping technology
promises consistent performance in both inter- and
intra-batch quality to maintain peak performance.
Junkosha
Irvine, Calif.
www.junkosha.com/en/products/cable

COST-EFFECTIVE
HERMETIC MICRO D CONNECTORS

Standard 9 to 51 pin configurations available
or let us design to your custom requirements

SPECIAL HERMETIC PRODUCTS, INC.
Hi-Rel By Design

CONTACT US TODAY
(P) 603-664-2002 (F) 603-664-2633
www.shp-seals.com email: sales@shp-seals.com
CERTIFIED ISO 9001:2008
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TIMES

MICROWAVE SYSTEMS
AN AMPHENOL COMPANY

MILTECH®

® Hermetically sealed ® High vibration
® Flexible ®* Harsh environments
[ ) [ )

Military airborne Military avionics

Harsh environment EW applications

TIMES MICROWAVE SYSTEMS FoLLow Us

358 Hall Avenue, Wallingford, CT 06492, USA D m
T 800. 867.2629

www.timesmicrowave.com YouTube Linkedin

LEARN MORE
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~ Low Loss,

High Performance

Cable Assembly Operates
to 70 GHz

UBER + SUHNER

is expanding its

SUCOFLEX® 570

family with the in-
troduction of the SUCOFLEX 570E
phase stable, low loss cable assem-
bly. These cable assemblies have
a maximum frequency range of 70
GHz and they operate over a -40°C
to +85°C temperature range. The
SUCOFLEX 570E guarantees 14 dB
return loss up to 67 GHz and the
insertion loss is specified at a maxi-
mum of 6.05 dB/m at 70 GHz.

The SUCOFLEX 570E cable as-
semblies use silver-plated copper
center and outer conductors with a
PTFE dielectric to achieve a veloc-

ity of signal propagation value of 77
percent. The jacket material for the
cable assemblies is polyurethane
and these design features result in
a minimum bend radius of 11 mm.
The combination of materials and
design features gives the SUCO-
FLEX 570E cable assemblies a high
flex life and it makes them torque,
crush and kick resistant. The cable
assembly construction also makes it
very light, weighing in at 0.02 kg/m.

The combination of high fre-
quency operation, low loss and
excellent flexibility make the SU-
COFLEX 570E cable assemblies an
ideal solution for precise measure-
ments in critical laboratory applica-

tions. These cable assemblies target
benchtop and RF production testing
applications. They offer high perfor-
mance solutions when mated with
automated test equipment, vector
network analyzers and scalar analyz-
ers. These cable assemblies are also
versatile enough to provide precise
and repeatable solutions for por-
table test equipment, RF module
and high speed digital testers. The
SUCOFLEX 570E cable assemblies
are in production now and available
in customized lengths.

HUBER+SUHNER AG
Herisau, Switzerland
www.hubersuhner.com

Wide range of high-spec, non-magnetic,
stainless steel connectors, In-Series and
Between-Series Adapters

NS

Operational
Excellence

Used where signal integrity and quality are
important and a high level of reliability is
required

Precision products include high frequency
and can run to 18, 40 or 50 GHz

Interfaces include K-Type, N, SMA/SMP, TNC,
2.9mm, 2.4mm, BMA, SSMA and many others

Solderless connectors for semi-rigid cable also available
For more information, please contact one of our sales teams at:

USA: +1-(931) 707-1005 info@intelliconnectusa.com
UK: +44(0) 1245 347145 sales@intelliconnect.co.uk

IntelliConnect

A TREXON COMPANY
RF and Microwave Connectors, Adaptors and Cable Assemblies

www.intelliconnectgroup.com
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250W
-Ixed Attenuators

Precision Signal Conditioning

LEARN MORE

DC to 8 GHz Dﬁl""D
Excellent flatness, +0.4 dB i—'mﬁ
[

Unidirectional design ﬁj_.gzlﬁ
20, 30 & 40 dB models D
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With nearly 500 custom cable de-
signs and 5,000 custom and stan-
dard connectors, Frontgrade has
the industry’s broadest selection of
cable systems for radar (airborne,
ground, shipboard and missile), as
well as electronic warfare, CNI,
C4ISR, satellite communications
and laboratory test equipment.
Frontgrade Technologies
www.frontgrade.com

NON-MAGNETIC CABLE
ASSEMBLY
\Y)VENDORVIEW

The Micable HO9 series non-mag-
netic cable assembly is specially de-
signed and developed for the appli-
cation areas of magnetic resonance
imaging, EMC laboratory, particle
accelerator and high-power equip-
ment connection. The product has
the characteristics of non-magnetic,
high shielding effectiveness, low
loss, high-power and excellent
VSWR performance. It is a good
choice for the application areas
above.

Fujian Micable Electronic
Technology Group Co. Ltd.
www.micable.cn
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LITTLEBEND SMP CABLES
\VENDORVIEW

The Littlebend Ultra Flexible RF Ca-
ble is designed for demanding mi-
crowave interconnect requirements.
They are phase and amplitude sta-
ble. This cable is well suited for
dense microwave packaging with a
tight bend radius cable with stain-
less steel braid. HLB098 Littlebend
flexible cables are terminated with
high performance SMP connectors.
Also available in 2.4 mm, 2.92 mm,
SMA, SMPM and bulkhead connec-
tors. Additional configurations avail-
able by special order.

HASCO

www.hasco-inc.com

5G RF CONNECTOR FROM
I-PEX

— >
y. ¥

The |-PEX® MHF® 7S Connector is
designed to solve EMl issues caused
by 5G mmWave transmissions. The
connector has unparalleled EMI
performance in a small form factor
(2.0 x 2.0 mm footprint). With a 1.50
VSWR maximum at 15 GHz, the
MHF 7S solves 5G problems now.
This connector is ideal for fixed
wireless access, notebook PCs,
small cell applications and any ap-
plication where improved electrical
performance is required.

I-PEX

www.i-pex.com
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STABILITY WAFER™ ON-WAFER
PROBING CABLE ASSEMBLIES

& -
Stability Wafer™ on-wafer probing
cable assemblies from Maury Micro-
wave provide table and repeatable
electrical performance, flexible to
facilitate easy installation, small pro-
file for tight spacing requirements
straight, right-angle and extended
90-/83-degree connectors for opti-
mized connections to probes and
color-coded connectors to avoid
damage caused by connector. Sta-
bility Wafer™ on-wafer probing ca-
ble assemblies are available with
3.5 mm connectors to 26.5 GHz,
2.92 mm connectors to 40 GHz, 2.4
mm connectors to 50 GHz and 1.85
mm connectors to 67 GHz.

Maury Microwave
WWWw.maurymw.com

ULTRA-WIDEBAND COAXIAL
AMPLIFIER

JVENDORVIEW
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Mini-Circuits’ model ZVA-5803X+ is
an ultra-wideband coaxial amplifier
with continuous frequency cover-
age of 0.5 to 80 GHz. It delivers 17
dB typical gain with +3.0 dB gain
flatness and +8.5 dBm or better
output power at 1 dB compression.
Ideal for communications, radar
and test systems, the rugged ampli-
fier includes reverse-and over-volt-
age DC protection and operates
from a single supply of +10 to +15
VDC. It measures 1.85 x 0.90 x 0.84
in. (46.99 x 22.96 x 21.29 mm) with
1 mm female connectors.
Mini-Circuits
www.minicircuits.com
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INSULATED WIRE

INCORPORATED

MAXIMUM
POWER!

Insulated Wire's laminated EPTFE dielectric
provides industry leading attenuation
performance which translates to MAXIMUM
power handling capability! IW's range of high
power coax cable and assemblies ensures low
loss and reliable power transmission in your
application:

Low loss/phase stable:

2801 1.9KW (c.w) @ 1 GHz, 450W @ 18 GHz
4806 17KW @ 13.56 MHz, 3.2KW (c.w) @ 1 GHz
2KW (c.w) @ 2.45 GHz

And introducing:

In the Re-Flex™ family:
7506 5KW {c.w) @ 1 GHz X Y

RF250 1KW @ 1 GHz

Typical applications include EMC compliance
testing, Semiconductor fabrication,

RF250 is a Re-Flexible alternative to RG401 that Broadcast transmission systems & High

eliminates semi-rigid failure modes and aids Power Amplifiers.

manufacturability being easily hand-formable, with a

double shielded design to ensure signal integrity. Talk to us or your local representative
about how you can get industry leading

C, SC, LC, HN, 7/16, 1 5/8" & 7/8"EIA Flange attenuation performance with MAXIMUM

designs available, other sizes/styles in development, power handling capability!

contact us or your local representative with your

requirements! ASS100 Rev. D & 1IS09001:2015 certified.

WE'RE HOW THE MICROWAVE INDUSTRY GETS CONNECTED!

INSULATED WIRE, INC. SCAN CODE TO FIND
(001) 631-472-4070 OUT HOW YOU CAN
WWW.iw-microwave.com GET CONNECTED
nysales@insulatedwire.com
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IN-SERIES & BETWEEN-SERIES
ADAPTORS

Samtec has re-
leased a family of
50 Q, In-Series
(PRFIA) and Be-

& ’8‘%
b “ b . :\
% tween-Series
(PRFBA) precision

E=miEs
RF adaptors for SMPM, 1.85, 2.40
and 2.92 mm interconnects. PRFIA
and PRFBA adaptors offer well-per-
forming VSWR and insertion loss
and are perfectly suited for high fre-
quency test and measurement ap-
plications. SMPM-to-SMPM  adap-
tors allow for axial and radial mis-
alignmentin high density blind-mate
applications.
Samtec
www.samtec.com

VNA

The BN900-485 model is a USB-
model VNA that performs as well as
its benchtop model. It is the latest
model we have launched to serve
our customers who require test
equipment with greater portability.
Features include: frequency range:
300 kHz ~ 8.5 GHz, large dynamic
range: > 125 dB at (IFBW = 10 Hz),
typical 130 dB, low trace noise: 2
mdB rms at (IFBW = 3 kHz), mea-
surement speed: 42 ps/point at

J
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CUSTOMRFCONNECTORS.COM

812.526.8801
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(IFBW = 500 kHz) and high effective
directivity: > 42 dB.

Sanko Technologies Sdn Bh
www.sanko.my

PCB VERTICAL LAUNCH
COMPRESSION MOUNT
CONNECTOR

Southwest Microwave Inc. (SMI) com-
pletes the vertical launch compres-
sion mount family, with the addition
of a 1.35 mm model. SMI’s solderless
vertical launch connectors are de-
signed for microstrip or grounded co-
planar boards. They provide optimal
signal integrity, are reusable and are
installed without soldering. Suitable
for various board materials and thick-
nesses, with operational frequency of
90 GHz. To learn more, please con-
tact Southwest Microwave.
Southwest Microwave
www.southwestmicrowave.
com

SNAP-ON CONNECTOR
\"JVENDORVIEW

| SPECIAL HERMETIC PRODUCTS INC.
Hi-Rel By Design

The SMP snap-on connector has be-
come a popular RF connector for use
in high density RF system packaging.
SHP has developed additional vari-
ants of these connectors, which im-
prove their attachment characteris-
tics. These include a robust alumi-
num compatible connector and a
robust kovar compatible connector
for solder applications. Contact SHP
today for engineering guidance on
these extensive SMP options to en-
sure maximum reliability of your
product and minimize costs.
Special Hermetic Products Inc.
www.shp-seals.com

EXPRESSRF MATCHED PAIRS
\JVENDORVIEW

ExpressRF™ is Swift Bridge Tech-
nologies’ most economical product
line. These assemblies offer excel-
lent overall performance to ensure
accurate and repeatable measure-
ments on the device under test. Ex-
pressRF is now available in phase
matched pairs, delay matched to
within 1 ps, at operating frequen-
cies of 40, 50 and 65 GHz. 2.92, 2.4
and 1.85 mm precision RF connec-
tors in both male and female con-
figurations are available. All assem-
blies are 100 percent tested to as-
sure S-parameters meet/exceed
their specified performance.

Swift Bridge Technologies
www.swiftbridgetechnologies.com

SEMI-RIGID TEST CABLES
Woves g «=§
- {
——
Clarity™110SR % .
e i Mg » N 2

L
Clarity™ 110-SR semi-rigid test and
measurement cable assemblies
hold their shape even in tight plac-
es, with low loss and excellent
phase stability through 110 GHz.
These are ideal for reliable and ac-
curate measurements of analog and
digital circuits in automotive, 5G
wireless communications and mili-
tary and aerospace applications.
Times Microwave Systems
www.timesmicrowave.com
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Phase and Timing-
Accurate Multi-

Channel Radar

Signal Generation

AnaPico AG

Zurich, Switzerland

Berkeley Nucleonics Corporation

San Rafael, Calif.

naPico launched its APVSG series

of vector signal generators (VSG)

in single- and multi-channel mod-

els two years ago. The main fea-
tures of these models are:

* Wideband performance to 40 GHz and
500 MSa/s data processing capability
supporting 400 MHz signal bandwidth

® 512 MSa internal memory with 32 bits per
sample supporting sequential and wave-
form segment ID selective playbacks

* Fast frequency and amplitude switching
ranges from less than a microsecond to a
few microseconds depending on the fre-
quency change range

* Phase coherence and phase-coherent
switching

* Fast control port (FCP) for rapid modula-
tion parameter setting and digital IQ data
streaming up to 250 MSa/s.

The above feature combinations enable
the flexible generation of versatile phase
and timing-accurate, multi-channel radar

signals. AnaPico has recently developed
user-friendly and cost-efficient software to
support the radar signal generation on the
AnaPico multi-channel APVSGs.

Engineers testing radar require the ability
to generate multi-pulse streams with each
pulse supporting dozens of parameters such
as frequency, amplitude, phase, pulse width,
time position and intrapulse modulation or
chirping. Table 1 summarizes the typical pa-
rameter set describing a single radar pulse,
known as a pulse descriptor word (PDW). A
list of PDWs will fully describe a radar pulse
stream.

Multi-patch radar antenna arrays require
additional parameters for full characteriza-
tion. For these arrays, inter-channel phase
coherence, which addresses relative phase
stability becomes important. Phase-coher-
ent switching, where the relative phase be-
tween channels is stored in memory and

MWJOURNAL.COM M MARCH 2023



%% Low Phase Noise
Phase Locked Clock Translators

Typical Phase Noise
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A Fig. 3 Setting delays on identical chirping signals.
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TABLE 1
RFLO  1Q Mod. RF Output
FCP BB [
PDW Configuration APVSG ; Eif
2 PDW Setting O] Memory [~ Frocessing
PDW Start Time n Waveform
Fixed Carrier Frequency i
Fixed Carrier Power SuCutAs
Carrier & Output
Fixed Phase
F Ouijpuit Conize) A Fig. 1 Operation modes of the PDW list playback.
Segment ID
Sequence ID Waveform
Modulation State
Frequency Offset 500 T T 500
m | |
Amplitude Offset Offset 3'66% | | ?go
| |
Phase Offset 200 ! : 200
100 , : 100
FM Frequency oftHiA H f L 0
FM Deviation FM/®M :;gg :;88
®M Deviation —30077—‘Lfﬂj ! ALLRRLLRRAA LR
-400 t t -400
AM Frequency _500 & P ! ! ! ! ! ! ~500
AM —97.50 -64.17-30.83 250 35.83 69.17 1025 135.8 169.2 202.5 235.8
AM Depth ns
Chirp Rate _ 1 2 A 1/A
- Chirp Time Axis -61.65ns -13.0ns 48.65ns 20.56 MHz
Chirp Shape
Pulse Delay
Pulse Mod.
Pulse Width . A Fig. 2 Phase-coherent switching illustration.
Start Frequency
Step Frequency inter-channel timing accuracy are also critical param-
eters.
Start Power
Step Power
Start Phase Sweep The AnaPico VSGs accommodate two different modes
Step Phase for generating the PDWs. These modes are implemented
. with circuitry within the VSG. Figure 1 depicts the block
el e diagram for the two PDW-related operation modes.
Delay Time .
/ Mode 1: Sequential PDW Playback
Number of Points . . . .
In this mode, a list of PDWs, precompiled in a data
format, can be uploaded into the
P
BI0 T v | APVSG internal memory through the
AC mv mv BN |V AC | Ethernet or USB communication port.
500 500 1/‘/\/ N 7/ 500500 | During the playback, each PDW is
| | .
® 0 400 400 ——__ N / 400400 | translated to the corresponding mod-
~100 300 300 — \_ 300 300 | ulation parameters, sequentially and
-200 200 200 ! im\ 200 200 | in real-time. This generates a stream
300 100 100 — 100 100 | of modulated radar signals and accu-
400 0 O—-s.wgéé/\\\i\\\ /§/o 0 rately timed PDW sequences can be
500100 ~100 =1 NS X 100 100 | played back with the multi-channel
200 -200 — 200 200 | APVSGs.
| |
800500 e o T T 2 3 2 5 2% | Mode 2: PDW Live-Streaming
ns In this mode, individual PDWs are
1 2 A /8 fed into the APVSG internal memory
Time Axis —658.2ps -259.7ps 398.6ps 2.509 GHz sequentially and in real-time thl’OUgh
et the APVSG FCP for immediate play
Channel B (4) 168.6 uV -
back as described in mode 1.
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KEY FEATURES AND
PERFORMANCE POINTS

To generate radar pulse se-
quences that approximate real se-
quences, a number of features and
aspects are important. Fast switch-
ing is a key parameter. The VSG
must support a pulse width ranging
from less than a microsecond to a
few microseconds. The frequency
chirp rate is limited by the modu-

lation bandwidth of 400 MHz. At
a 1 ps pulse width, chirp rates of
close to 400 MHz/ps can be pro-
duced with excellent signal quality.
Phase coherence is another impor-
tant capability. For a multi-channel
VSG to implement the correct radar
beam angle specification, phase
coherence becomes the most rel-
evant feature. The phase differ-
ence variation of the multi-channel

TABOR ELECTRONICS

Learn More About How to Use the Tabor

Arbitrary Waveform Transceiver as a

COTS Closed Loop Radar Generator

RF
|
RF
{ o ||,
RF
TX3 ¥
4

\ -

The new Proteus P9484M Arbitrary Waveform
Transceiver form Tabor, takes an industry leading
RF Arbitrary Waveform Generator (AWG) and
adds RF Digitizing, Deep Memory and FPGA
Processing - making an Arbitrary Waveform
Transceiver. The PXle modular architecture allows
for 4 Transmit and 1 or 2 Receive Channels per
module, enabling scaling up to 10's of Channels

if required. To learn more:

hitps://www.taborelec.com/Proteus-Radar-Target-Simulator-Solution-Note
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Arbitrarily Waveform
Transceiver

MEMORY

DAC 4

ADC

M Simuiate, Stimulate, Test..

For more information or to schedule a demo contact info@taborelec.com | www.taborelec.com

APVSGs over hours of operation
is 0.3 degrees RMS between two
channels generating 5 GHz signals.

Deterministic phase differences
between the channels are essential
for sustaining the angle informa-
tion during radar operation. For a
given frequency and power setting,
the phase difference between chan-
nels does not change, even when
the supply power switches on and
off. This is called phase-coherent
switching and it is illustrated in Fig-
ure 2. The red sinusoidal signal is
the reference channel. The blue sig-
nal switches to a different frequency
and there is a phase offset, but the
blue signal maintains the same rela-
tive phase to the red signal when
both return to the same frequency
setting.

Multi-channel APVSGs support
fine delays to +/- 1 ps RMS preci-
sion over the entire operating fre-
quency range. This allows multiple
radar signal streams to be generated
with accurate timing. The capability
in a VSG is known as timing-accurate
multi-channel triggering. A unique
delay mechanism enables this fine
trigger delay adjustment. The effec-
tive resolution is a very small frac-
tion, typically less than 1/2000, of
the sample time. This equates to less
than 1 ps with a physical sample time
of 2 nsec. Figure 3 illustrates the fine
delay setting capability.

SUMMARY

AnaPico’s multi-channel APVSG
VSGs have a combination of fea-
tures such as fast switching, phase
coherence, phase-coherent switch-
ing and timing-accurate operation.
These VSGs allow users to eas-
ily generate versatile and realistic
pulse signals in radar and electronic
warfare application scenarios. Mul-
tiple lists of PDWs can be replayed
from the internal memories or live-
streamed through the fast control
ports.

JVENDORVIEW

AnaPico AG
Zurich, Switzerland
www.anapico.com

Berkeley Nucleonics Corp.

San Rafael, Calif.
www.berkeleynucleonics.com/
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Electromechanical
Waveguide Switches
Control Sub-THz Signals

Eravant, formerly Sage Millimeter Inc.
Torrance, Calif.

lectromechanical waveguide switch-
es are widely used in radar, tele-
communication and instrumentation
systems. With the growth of appli-
cations operating above 100 GHz, there is
increased demand for electromechanical
switches designed for these higher frequen-
cies. To fulfill this need, Eravant has devel-
oped full-band WR-08, WR-06 and WR-05
electromechanical transfer switches to cover
sub-THz frequencies from 90 to 220 GHz.
Typical insertion loss ranges from 1.2 dB for
model SWJ-08-T1, which operates from 90

to 140 GHz and is shown in
Figure 1 to 2.5 dB for model
SWJ-05-T1, which operates
from 140 to 220 GHz. Mea-
sured insertion loss and iso-
lation results for the WR-05
SWJ-05-T1 switch are shown
in Figure 2.

Common to all SWJ models
is a compact electromechani-
cal actuator that provides a
nominal switching speed of
125 ms. The actuator requires
*28 VDC at 250 mA and a
TTL-level control signal to se-

A Fig. 1 SWJ-08-T1 electromechanical lect the switch POSiti0n~ Power

transfer switch.
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and control connections are

provided through an MS3112E10-6P con-
nector. Designed for operation from -25°C
to +65°C, the switches measure 1.83 x 1.83
x 3.53in. (46.4 x 46.4 x 89.8 mm) and weigh
7.0 oz. (200 g). They are rated for 100 W of
CW signal power. Type UG-387/U-M anti-
cocking waveguide flanges are symmetrical-
ly positioned 0.675 in. away from the central
axis.

The entire SWJ-XX-T1 series of electro-
mechanical DPDT switches cover full wave-
guide bands from WR-42 through WR-05 as
shown in Table 1. All models use a four-port
E-plane waveguide junction as the stator.
Using a symmetrical rotor inside the stator,
each port is connected to one of its adjacent
ports depending on the state of the control
signal. Position 1 is selected when a high-
level control signal is applied, resulting in a
connection between ports 1 and 2 as well as
a connection between ports 3 and 4. Posi-
tion 2 is selected when a low-level control
signal is applied, resulting in connections
between ports 1 and 4 and between ports 2
and 3. These states are shown in the switch-
ing diagram in Figure 3.

Applications  for waveguide transfer
switches include redundant and reconfigu-
rable transmitters, agile antenna systems
and various test and measurement appli-

MWJOURNAL.COM M MARCH 2023
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A Fig. 2 Typical insertion loss and isolation for model SWJ-05-T1.

TABLE 1
PERFORMANCE PARAMETERS FOR THE SWJ]
FAMILY
Model Frequency Insertion Isolation  Return
Range (GHz) Loss (dB) (dB) Loss (dB)
SJW-05-T1 140 to 220 2.5 40 15
SJW-06-T1 110to 175 1.5 45 20
SJW-08-T1 90 to 140 1.2 50 20
SJW-10-T1 75to 110 0.6 55 20
SIW-12-T1 60 to 90 0.4 60 20
SJW-15-T1 50to 75 0.4 60 20
SIW-19-T1 40 to 60 0.3 50 25
SJW-22-T1 33to 50 0.2 60 25
SIW-28-T1 26.51t0 40 0.2 60 25
SJW-34-T1 221033 0.2 50 23
SIW-42-T1 18 to 26.5 0.2 60 23

cations. A common application is to optionally select
between the orthogonal feeds of a dual-polarized an-
tenna. When used in an antenna test facility, such an
arrangement enables the operator to change the po-
larization of the test signal without disturbing the physi-
cal setup. In communication systems with polarization
diversity, the polarization of a receiver can be controlled
to maintain higher fade margins than would be possi-
ble using fixed polarization under variable propagation
conditions.

Another common application is in space communica-
tion transceivers. Transfer switches on a newly deployed
satellite can be used to initially select a higher power am-
plifier (PA) and a lower gain antenna to establish a commu-
nication link with another satellite. After the satellite has
established a stable position, a lower PA and a higher gain
antenna may be used to conserve power.

Radar and electronic countermeasure systems often
require high levels of reliability or periodic self-testing. In
these applications, transfer switches can select between
redundant components such as PAs or high-sensitivity
amplifiers. While one of the redundant components is in
service, the other component may be tested or replaced
without incurring any loss of service.

MWJOURNAL.COM ® MARCH 2023
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In noise cali-
J2 | bration systems,
waveguide
switches are often
J3 | usedto connecta
noise power ana-
lyzer to either a
reference  noise
A Fig. 3 SWJ-XX-T1 switching diagram. Source or a tested

noise source. By
rapidly alternating between two signals, the switch en-
ables accurate comparisons of measured noise levels.
This technique will also minimize the effects of temper-
ature drift and other disturbances that could otherwise
occur between measurements.

In most switching applications, low return loss, low in-
sertion loss, high isolation and long operating life are de-
sired. The SWJ family provides stable performance over
more than 250,000 switching cycles. At frequencies above
100 GHz, innovative designs and advanced levels of me-
chanical precision are required to achieve these goals.
The SWJ series of waveguide switches further demon-
strate Eravant’s continued progress into the sub-THz and
THz realms with a variety of components used in radar,
telecommunication and instrumentation systems.

VENDORVIEW

Eravant, formerly Sage Millimeter Inc.
Torrance, Calif.
www.eravant.com
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SPECTRUM

INSTRUMENTATION

New PCle Digitizers
Offer 10 GSPS and
High Resolution

Spectrum Instrumentation GmbH

Grosshansdorf, Germany

wo new PCle Digitizer cards from
Spectrum Instrumentation enable
10 GSPS sampling rate, 12-bit verti-
cal resolution and 12.8 Gbps data
streaming capabilities. The cards boast the
highest sampling rate and bandwidth in com-
pany history, creating a powerful package for
engineers and scientists working with today’s
most challenging GHz-range electronic sig-
nals. The one-channel M5i.3350-x16 and the
two-channel M5i.3357-x16 feature front-end
circuitry with over 3 GHz bandwidth and up
to 16 Gb (eight GSamples) onboard memo-
ry. They also reach the fastest digitizer data
transfer speeds over PCle on the market. Us-
ing 16-lane, Gen 3 PCle technology, data can
be streamed over the bus at 12.8 Gbps. The
data can be sent to PC memory for storage or
directly to CPUs and CUDA-based GPUs for
customized signal processing and analysis.

With 12-bit resolution, these digitizers of-
fer a better dynamic range than most con-
ventional test instruments. For example,
they deliver 16x more resolution than many
digital oscilloscopes, which typically use
8-bit analog-to-digital converters. The extra
resolution allows measurements to be made
with a better signal-to-noise ratio (SNR) and
improved accuracy and precision.

The front-end circuitry offers program-
mable full-scale ranges from +200 mV to
+2.5 V together with variable offset. Acqui-
sitions can be made in single-shot or mul-
tiple-waveform recording modes. To help
capture the most elusive signals, a host of
trigger modes are available for use on the
channels or external trigger inputs. The
modes include conventional edge trigger-
ing, along with more sophisticated meth-

ods such as Window, Re-Arm, Or/And (logi-
cal), Software and Delay. Installing the cards
into a suitable PCle slot can turn almost any
PC into a powerful measurement tool. This
opens the door for anyone wishing to use
the latest CPU and GPU hardware for signal
processing and analysis.

The new cards come with a five-year
product warranty and all the tools neces-
sary to use them in a PC running either a
Windows or Linux operating system. A soft-
ware development kit is provided, so that
the cards can be programmed with almost
any popular language including C, C++,
C#, Delphi, VB.NET, J#, Python, Julia, Java,
LabVIEW and MATLAB. Alternatively, the
company offers SBench 6 Professional. This
powerful measurement software provides
full card control, along with a host of data
display, analysis, storage and documenta-
tion capabilities.

A low-cost option, M5i.33xx-spavg, is
available for summation averaging using
onboard FPGA technology. Averaging re-
duces unwanted signal noise while enhanc-
ing the dynamic range and SNR. The cards
can average signals at a rate of up to 15
million events per second, making them
one of the fastest signal-averaging solu-
tions on the market.

The new M5i digitizers are suitable for
many applications. One such example is
testing high speed communications chan-
nels using quadrature modulation. Figure
1 shows an example of the acquisition of
a 1 GHz carrier modulated by a 40 Mbaud
quadrature phase shift keyed (QPSK) signal
displayed using Spectrum Instrumentation’s
SBench 6 measurement software.

MWJOURNAL.COM M MARCH 2023
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A Fig. 1 Response of a 1 GHz QPSK-modulated signal
sampled at 10 GSPS.
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A Fig. 2 1/Q, FFT and trajectory plot of 12.8 Gbps data stream.

Twenty microseconds of the QPSK signal were ac-
quired at 10 GSPS. The FFT of the signal has a peak at
the carrier frequency of 1 GHz. Modulation sidebands
spaced at 160 MHz extend symmetrically from the car-
rier frequency. The signal components show significant
energy out to 2 GHz and the harmonic of the carrier
at 3 GHz. The bottom center trace shows the details
of the sideband structure. The 160 MHz spacing of the
modulation sidebands is due to the sampling in the
transmitter. This is shown in the period between phase
breaks in the time domain waveform in the upper right
trace, as measured by the cursors. Cursor readouts
and measurements of the signal frequency, amplitude
and mean value appear in the info panel on the left of
Figure 1. The narrowest burst in the top center trace
highlights the 40 Mbaud data rate. The modulating
signals are bandlimited to 20 MHz as seen in the ex-
panded FFT in the lower right trace of Figure 1.

Transferring the data at up to 12.8 Gbps via the
PCI Express x16 interface to a CPU or CUDA-GPU for
custom processing creates the opportunity for further
analysis, as shown in Figure 2. The demodulated in-
phase () and quadrature (Q) signals on the top and
their FFTs on the bottom show the effects of 20 MHz
raised root cosine low-pass filtering that has been
applied to the signals. The cross plot of the | and Q
components on the far right of the display in Figure 2
produces the trajectory diagram highlighting the tran-
sitions between digital states.

Y)VENDORVIEW

Spectrum Instrumentation GmbH
Grosshansdorf, Germany
www.spectrum-instrumentation.com
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ignal Microwave, in partner-

ship with DVT Solutions, is

introducing a series of dif-

ferential probes. The DVT-
FPPXX family are 40, 50 and 70 GHz
true differential probes. These probes
are designed to support the industry’s
demand for higher data rates over dif-
ferential traces. They are used to char-
acterize transmission lines and devices
such as 28 to 56 GHz Nyquist band-
width S-parameters for standards such
as PCle5 and for current and future
PAM4 and PAM5 encoding board and

40/50/70 GHz Wide Pitch
True Differential TDR/

VNA Probes

system designs.

To meet these needs, a newly pat-
ented differential probe design was
developed. This differential probe
replaces internal cable wires with a
printed circuit board (PCB) with a
high bandwidth differential transmis-
sion line that can be used with test
equipment to measure differential S-
parameters up to 70 GHz. The probe
can also be used on packages and
other devices that have differential
inputs and outputs and wider spac-
ing in the 1.0 mm range. The probes
have two signal probe tips and no
ground probe tips, which helps to
reduce setup time. The probes have
only two conductors at the probe
tips with a characteristic impedance
of 100 Q. The two inputs from the 50

Q connectors are converted to a dif-
ferential pair and the ground plane
is removed to create the true odd
mode differential configuration at
the probe tips. The new differential
probe satisfies the need to probe
PCB designs that have wide pitch
test pads up to 70 GHz with a test
pad pitch centering around 1 mm.
These differential probes are used
to make time and frequency domain
measurements of final prototype
PCB products to compare against
design specifications and simulation
results. There are also de-embed-
ding methods and boards available
that support the probes.

Signal Microwave, LLC

Tempe, Ariz.
https://signalmicrowave.com/

asternack, an Infinite Elec-

tronics brand and a leading

provider of RF, microwave

and mmWave products,
has released a new series of pro-
grammable attenuators designed
to meet the needs of test and mea-
surement, electronic warfare and
electronic countermeasures appli-
cations. Pasternack’s new program-
mable attenuators offer flexibility
and programmability by produc-
ing different values of RF signal at-
tenuation on demand. These high
performance attenuators provide
+/- 0.7 dB attenuation accuracy and
a switching speed of 0.35 micro-
seconds. The comprehensive selec-

126

New Programmable
Attenuators Operate
from DC to 40 GHz

tion of programmable attenuators
is available with TTL, USB or relay-
controlled options and they feature
SMA, N-Type and 2.92 mm female
connector options. Pasternack’s at-
tenuators feature wide coverage
with broadband RF, microwave and
mmWave frequencies ranging from
DC to 40 GHz as well as attenua-
tion ranges from 31 to 95 dB with
0.5 and 1 dB step sizes. Addition-
ally, these programmable attenua-
tors are designed with compact and
rugged military-grade coaxial pack-
ages and an operational tempera-
ture range from -40°C to +85°C.
The comprehensive selection of
attenuation ranges and step sizes,

in addition to the broad frequency
coverage, precise attenuation ac-
curacy and high switching speeds
make these attenuators ideal for
test and measurement applications.
Pasternack’s new programmable at-
tenuators are in-stock and ready for
immediate shipment with no mini-
mum order quantity. For inquiries,
contact Pasternack.

\VENDORVIEW

Pasternack

Irvine, Calif.
www.pasternack.com/
t-programmable-attenuators.aspx
+1-949-261-1920
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he new version of Rem-
com’s Wireless InSite® in-
cludes propagation analy-
sis for engineered electro-
magnetic surfaces (EES). EES are a
class of passive metasurfaces that
artificially enhance wireless cover-
age at microwave and mmWave
frequencies via printed conductive
patterns on substrates like plastic or
glass. When placed on a wall, win-
dow or other structure, the scatter-
ing properties of these printed pat-
terns redirect RF wave propagation
in specific directions to augment
wireless connectivity.
The ability to control the elec-
tromagnetic (EM) propagation en-

TechBrief

Propagation Analysis
of EES Optimizes 6G
Wireless Coverage

vironment is currently an important
area of 6G research. Applications
such as reconfigurable intelligent
surfaces (RIS) rely on either metasur-
faces or reflect arrays, an alternative
technology, to optimize wireless
channels.

Wireless InSite’s X3D Model has
been updated to incorporate the
Ray-Optical EES Scattering Model
developed by the Communications
Research Centre Canada (CRC), part
of Innovation, Science and Economic
Development Canada. This integra-
tion enables the modeling of pas-
sive metasurfaces that are designed
to optimize wireless communication
coverage by manipulating how sig-

nals propagate through a scene.

The new EES capability provides
a way to analyze improvements to
coverage from either a static EES
or a single configuration of a meta-
surface-based RIS. The integration
of Remcom and CRC's models of-
fers a novel way to simulate and
analyze the channel characteris-
tics of passive EM metasurfaces in
any environment, including indoor,
outdoor, outdoor-to-indoor and
others.

YVENDORVIEW
Remcom

State College, Penn.
WwWw.remcom.com

45th Annual Meeting and Symposium of the Antenna Measurement Techniques Association

2023

October 8-13
Seattle, WA

The Boeing Company is proud to host the 45th Annual
Symposium of the Antenna Measurement Techniques
Association (AMTA), a non-profit, international
organization dedicated to the development and
dissemination of theory, best practices, and
applications of antenna, radar signature, and related
electromagnetic measurement technologies. To learn
more about AMTA, visit www.amta.org.

Symposium Highlights

® High-quality technical papers presented on a continuous
basis over four days — no parallel sessions

e Technical Tours, Social Events, and Daytime Companion Tours

e Exhibits showcasing the latest innovations in antenna, RCS,
and 5G OTA/MIMO measurements

e Networking opportunities with industry experts

e Practical full-day Boot Camp

Abstract Submission Deadline: May 1, 2023

Submission website opens March 2023

For details and a complete list of paper topics visit

www.2023.amta.org

Hosted by Co-Hosted by

@ﬂﬂf]ﬂﬂ NETS-LINDGREN'



Simulation 2028.1 allows users to
launch leading tools like Altair Hy-
perMesh, HyperView, SimLab and
Inspire in browsers or on desktop/
laptop.

Check out the new, redesigned micro-
wavejournal.com website. The new design
brings more interactive content to the

VNA Extender

Configuration Guide

Eravant

www.eravant.com /vna-extender-

configuration-guide

The new website from Microwave Products
Group launches MPG Solutions as their
flagship brand and combines all products,
capabilities and heritage brands. Learn
more in this video.

home page and has a redesigned Buyer’s
Guide. The home page has been shortened
o0 you don’t have to scroll far to see every-
thing. Visit the MW¢J website today and let
us know if you have any feedback.

A Practical Introduction to
RF /Microwave Balanced
Amplifiers and Their
Applications

Modelithics Microwave Global Models give users
the flexibility to specify the desired solder-pad
Mini-Circuit dimensions. The performance will then scale
R appropriately with respect to the values.

https:/ /hubs.ly /Q01z_fxp0
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Pasternack’s
2023 Catalog

Check out over 65,000 unique RF
products in the 2023 catalog from
Pasternack.

. Pasternack

http:/ /bit.ly /3krsaae

This short video clip demonstrates Wireless InSite’s
EES capability and compares coverage improvement
with diffuser and grating EES placements on a glass
window or a wall.

Wireless

Using Remeoom’s Wireless InSite for
Engineered Electromagnetic Surfoce Modeling

e ——

Single Pair Ethernet (SPE) sets new

standards in intelligent communication
architecture. Using power over data line (PoDL), par-
allel high performance data and power transmission
is supported via just one Ethernet wire pair.

Rosenberger

 She P Etverrat (8PE]
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FEATURED

The information you need from industry experts

/inritsu

Advancing beyond
Effective Test Strategies for DoD’s 5G Rollout

AV KEYSIGHT

Detect and Analyze Electronic Countermeasures
in Dense Signal Environment

ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

How to Select Antenna Front-End Components for
Non-GEOQ Space Applications

EIRZIA

COTS Modular Microwave Amplifiers for New Space
Missions

Quantic Wenzel
ONYX Oscillators in Low Earth Orbit

Look for
additional content from:

ROHDE&SCHWARZ @
Make ideas rea

q? TEI.EDYNE e | Sernimrn:iudnrs

reyouloc

Check out these new online Technical Papers
featured at MWJournal.com
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NEW PRODUCTS

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE
FEATURING (JVENDORVIEW STOREFRONTS

DEVICES/
COMPONENTS/MODULES

Engineering Kits
designer’s best friend.

@riconics
Keep these high-

quality inductor kits in your lab to shorten
the design time on your next project. Each
kit contains up to five pieces each of the
five or six different value inductors to assist
with your prototyping. Broadband Conical
Inductor Kits are available in flying lead and
SMT styles with performances to 65 GHz
and beyond. The High Current Conical Kit
features a lower loss fill material and
heavier gage wire to better handle RF power
and higher current applications. The Gold
and Copper Air Coil Kits are for precision
filter applications up to 20 GHz.

Piconics

www.piconics.com

Piconics Engineering
Kits are an RF

Four-Way Power Divider

Y/VENDORVIEW

Quantic PMI Model
No. APD-4-218-LC-2 is
a highly-reliable
four-way power divider
featuring excellent
amplitude and phase
balance, low insertion
loss and high
isolation electrically power divider that
operates over the 2.0 to 18.0 GHz
frequency range. It has a maximum
insertion loss of 2.0 dB and a minimum
isolation of 16 dB. This model is outfitted
with SMA female connectors in a housing
measuring 1.75” x 1.75” x 0.40".

Quantic PMI

www.pmi-rf.com

Variable Attenuators
RLC Electronics is
%‘Aﬂ manufacturing
e broadband 8 to 22

B 1S GHz variable
attenuators, intended
for panel mounting
into customer
systems. The frequency can be extended to
approximately 24 GHz, as needed. These
attenuators have 20 dB minimum attenua-
tion range, exhibit low loss (< 0.5 dB) and
are stable over MIL-STD-202 environment.
RLC is also offering similar variable
attenuators that cover the 4 to 18 GHz band
and will support custom frequency
requirements as well.

RLC Electronics
www.rlcelectronics.com

- ”
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Phase Bridge Power Modules

B Vishay Intertechnol-
\@, ogy Inc. introduced
e i\\\@, three new series of

130 to 300 A

__ three-phase bridge
Ul power modules in the
e ultra-compact MTC

package that deliver
reliable operation for heavy-duty industrial
applications. The 130 A VS-131MT...C, 160
A VS-161MT...C and 300 A VS-301MT...C
series are optimized for line frequency input
rectification in welding machines, switch
mode power supplies, plasma cutting,
battery chargers and motor control. The
encapsulated devices offer a rugged design
for these applications, while their highly
conductive MTC package provides excellent
thermal behavior.
Vishay Intertechnology Inc.
www.vishay.com

Smart Wideband Frequency
Synthesizer

SSG22645LX Smart
wideband frequency
synthesizer—new
design covering 45
MHz to 22.6 GHz,
with resolution as fine
as 0.1 Hz. Unique features include dual
frequency outputs with independent control,
power attenuation from -20 to +7 dB, three
frequency sweep modes (single, repeat,
cycle), internal/external reference, all
controlled through Bluetooth app or PC,
LEDs for function status—ideal for lab,
production and field testing. Available from
stock through store.zcomm.com priced at
$1,500.00.

Z-Communications

www.zcomm.com

AMPLIFIERS

Low Noise Amplifier
J)VENDORVIEW

Model SBL-
2042242080-0505-
E1 is a G-Band low
noise amplifier (LNA)
with typical small-
signal gain of 20 dB
across the frequency
range of 195 to 220
GHz. With a nominal noise figure of 8.0 dB,
the LNA requires a power source of +8 VDC
at 50 mA. The 1 dB compression level is +8
dBm at the input. Rated for temperatures
from 0°C to +50°C, the LNA measures 1.4 x
1.0 x 0.75 in. The input and output ports
are WR-05 waveguide with in-line UG-387/U-

M anti-cocking flanges.
Eravant
www.eravant.com

Wideband Low Noise Amplifier
Y)VENDORVIEW

—_— ERZIA has built a

; solid reputation for
delivering high
performance
“space-qualified”
devices that deliver
as promised. You can
now leverage that
experience with this wideband amplifier—
just one of 180+ COTS amplifiers that have
been designed to withstand harsh require-
ments for a more rapid design, build, test
and launch of your next mission.

ERZIA

www.erzia.com

Solid-State X-Band Pulse Amplifier
Y)VENDORVIEW

Exodus Advanced
Communications’
AMP4022DBP-4KW
pulse amplifier is
designed for pulse/
HIRF, EMC/EMI

- Mil-Std 461/464 and
radar applications. Providing superb pulse
fidelity and up to 100 ps pulse widths. Duty
cycles to 6 percent with a minimum 66 dB
gain. Available monitoring parameters for
forward/reflected power in watts and dBm,
VSWR, voltage, current, temperature sensing
for outstanding reliability and ruggedness
for compact integrations.
Exodus Advanced Communications
www.exoduscomm.com

High Gain Broadband Low Noise
Amplifier
B “ Model ABL1800-01-
4525 is a high gain
three stage MMIC
based low noise
amplifier module
operating in the
frequency range from
0.1 to 18.0 GHz. It offers 45 dB of linear
gain and 2.5 dB typical noise figure with
excellent gain flatness and input/output
return loss. The unit has a built-in voltage
regulator and operates with a single DC
power supply voltage. The package size of
the amplifier is 1.9 x 1.0 x 0.4 in.

Wenteq Microwave

www.wenteq.com
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NewProducts
SOURCES

High-Power Microwave Generator

With the KU SG 2.45
to 450 A, Kuhne
electronic offers a high-
power microwave
generator for ISM band
applications around
2.45 GHz with 0 to 450 W. This device can be
used as power source in medical applications,
for propagation tests of electromagnetic
waves, plasma generation, for microwave
heating applications and various others. The
generator can be controlled via serial interface
or analog voltage controls. The RF output
signal can be adjusted in frequency and
output power. Protection against mismatch
and overtemperature are integrated.

Kuhne electronic GmbH
www.kuhne-electronic.de

Frequency Synthesizers

Micro Lambda, known
for their MLMS-Series
frequency synthesiz-
ers covering 250 MHz
to 32 GHz, announced
the production
release of synthesiz-
ers that operate off a
single + 5 Vdc supply.
Standard frequency models are available
covering 250 MHz to 6 GHz, 2 to 8 GHz, 4
to 10 GHz, 6 to 13 GHz, 8 to 20 GHz and
28 to 32 GHz. Applications include
wideband receivers, automated test
systems, telecom, satcom, UAVs and drones
and a variety of military and commercial test
applications.

Micro Lambda Wireless
www.microlambdawireless.com

MICRO-ADS

@ Make broadband @ Coaxial solution

measurements to
110 GHz where limited
solutions exist

removes complexity
and increases
ease-of-use

Discover how you can achieve measurement excellence with Anritsu.
View our complete line of millimeter-wave testing solutions at
www.anritsu.com/test-measurement

/nritsu

Advancing beyond

www.anritsu.com
© 2022 Anritsu Company

R Electronyesy |||

Surface
R Electronics, Inc
wvenel, NJ
I krfilters. com

132

_ ES MICROWAVE LLC.

Since 1985 we have offered our custom
design filters and sub-assemblies in
combline, interdigital and
suspended-substrate technologies.

Broadband

Suspended-Substrate
Filters, Diplexers, Triplexers, Quadruplexers,
Quintuplexers, Sextuplexers

DC-40 GHz Filters
Multiplexers &
Switch Filter Banks

ES Microwave, LLC

8031 Cessna Avenue, Gaithersburg, MD 20879
P: 301-519-8407 F: 301-519-8418
Www.esmicrowave.com

RF Amplifiers, Isolators and
Circulators from 20MHz to 40GHz

> Super low noise RF
amplifiers
¥ Broadband low noise
amplifiers
# Input PIN diode protected low
noise amplifiers
* General purpose gain block
amplifiers
¥ High power RF amplifiers
and broadband power
amplifiers
# AF isolators and
circulators
¥ High power coaxdal and
waveguide terminations
# High power coaxial
attenualors
¥ PIN diode power limiters
# Active up and down
converiers
Wenteq Microwave Corporation

138 W Pomona Ave, Monrovia, CA 81016
Phone: (626) 305-6666, Fax: (626) 802-3101
Email; sales@wenteq com, Website: www.wenteq com

ANTENNAS

Portable 3D Antenna
\_/VENDOR\IIEW

Compatible with any
spectrum analyzer,
the IsoLOG 3D Mobile
PRO from Aaronia is
the perfect antenna
for 3D measurements
on the go. Depending
on the model, it offers a frequency range
from 9 kH up to 8 GHz. Two integrated
preamplifiers can be switched in lossless if
required. Each of the three axes is equipped
with two antennas, loop and dipole. The
individual axes can be fixed or switched
through with a frequency of 1 Hz to 50 kHz
using the integrated “chopper” function.
Aaronia

www.aaronia.de

Waveguide Horn Antennas

YVENDORVIEW

v
~ addressing a wide
range of wireless

applications. The new line of waveguide
horn antennas features high gain from 10 to
20 dBi for transmitting greater power to
receivers, as well as beam width options
from 11 to 55.2.

Fairview Microwave
www.fairviewmicrowave.com

Fairview Microwave
has released a new
series of in-stock
waveguide horn
antennas for

TEST & MEASUREMENT

Enwronmental Testing Lab

Gowanda is a market
leader in high-reliability
components for the
electronics OEM
marketplace. They
offer an in-house

<" environmental testing
lab, aIIowmg them to establish the consistent
performance characteristics required to meet
the most demanding designs.
Gowanda
www.gowanda.com

Negative-Slope Equalizers

)VENDORVIEW
s Pasternack, an Infinite
o] ] Electronics brand and
= - a leading provider of

RF, microwave and

millimeter-wave

products, has just
introduced an innovative series of in-stock,
negative-slope equalizers for broadband
applications, including electronic warfare,
electronic countermeasures, microwave
radio and more. Pasternack’s new negative-
slope equalizers feature impressive
performance with high reliability, low VSWR
and excellent linearity. They provide low
insertion loss ranging from 0.5 dB to 1.2 dB
and wide coverage over octave bandwidths
from 1 GHz to 26.5 GHz.
Pasternack
www.pasternack.com
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The Future of Connectivity:

Debunking Circuit Exploring the Advancements in BAW Filters
- < “; ng 't"l’\;l" o from Wi-Fi 6 to Wi-Fi 7 including Multi-Link
esign ayou yths Operation
AV KEYSIGHT

Now On Demand

Antenna Material Solutions Across Increasing Gain of a K-Band Waveguide Horn
the Electro-Magnetic Antenna with an Additively
Spectrum (Broad Antenna Solutions) Manufactured Low-Loss Cylindrical GRIN Lens
ROGERS

CORPORATION

microwavejournal.com/events/2214 microwavejournal.com/events/2213

Will Flat Panel Beamsteering Arrays Meet the
SATCOM Challenge"

L ] &t
’.' T

Modern Radar
Technology

il Boonton
i Holzworth
P

{03 Noisacom

Filter Selection and
Design Essentials




Review by: Fred Schindler
Engineering Consulting Services

Layout
Techniques

for

Layout Techniques for Integrated Circuit Designers

by Mikael Sahrling

he title of this book is a good

I representation of what it is. It is

a comprehensive guide to what

you need to know to lay out and design

Si ICs. It provides plenty of background

information to understand the hows

and whys of circuit layout. This includes

not only circuit considerations but also

the underlying process constraints that

drive layout requirements. If you are a Si

circuit designer, this is a good reference
for you.

It is worth noting what this book is not.
This is a Si design and layout book, so
while there is information on GaN, GaAs
and InP, this is not a useful guide for lay-
ing out designs in those technologies.
The book’s primary focus is on CMOS
technologies and it includes plenty of
content on BICMOS and SiGe theory

Layout
Techniques

for Integrated Circuit Designers

* MIKAEL SAHRLING

Layout Techniques
for Integrated Circuit
Designers

Mikael Sahrling
Hardcover 463 pp. ¢ 2022
ISBN: 978-1-63081-910-1

$155/ £135

and layout. This also is not a manual for
how to push polygons in your favorite
layout tool. “Layout Techniques for In-
tegrated Circuit Designers” goes much
deeper than that.

In addition to providing underlying
insights and practical guidance for the
layout of Si designs, there are ample ex-
amples. The book has two parts; Part 1
focuses on how Si ICs are manufactured
and how elements are laid out. Part 2
covers layout functions, including how
the layout is done and structured, de-
sign verification, layout versus schemat-
ic and design rule checking. There are
lots of Python examples in the book and
even better, there are more available in
a downloadable text file.

If you are an engineer that is about to
embark on a Si design, “Layout Tech-

Bookenc

niques for Integrated Circuit Designers”

will give you plenty of understanding

and guidance. Even if you are experi-
enced in Si design techniques, Mikael
Sahrling’s book is a useful reference.

ISBN 13: 978-1630819101
Published: August 31, 2022

Pages: 463 pp.
To order this book, contact:

Artech House

685 Canton St.
Norwood, MA 02062
800-225-9977

or

16 Sussex St.

London, SW1V 4RW, UK
+44 (0)20 7596 8750

EXPLORE

THE PHYSICAL IMPLEMENTATION OF
MODERN INTEGRATED CIRCUITS

} Shows you circuit limitations and guides you through their

common remedies

} Unravels complexities that effect circuit design, including signal
integrity, matching, IR drop, parasitic impedance and more

} Helps you better understand: the physics of advanced
nodes, high speed techniques used in modern integrated
technologies, and the inner working of software used to

analyze layout databases

} Includes detailed descriptions of software tools used to
analyze a layout database, showing you how devices can
be recognized and connectivity accurately assessed

ARTECH HOUSE

BOSTON | LONDON
Order at ArtechHouse.com

PRACTICAL BOOKS FOR ENGINEERING PROFESSIONALS
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Supporting students, working engineers
and retirees through professional
: development, education and resources.
+ ¢
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Upcoming Events

Introduction to Quantum Software Development Course
Introduction to Neural Networks and Deep Learning (Part 1)
Python for Signal Processing and Digital Design

The Benefits of Online and On-Demand Training with IEEE Boston

Expert On-Demand Online
Trainers Access support

2023 Conferences and Symposia

IEEE-HST.org
s’

SEPTEMBER 2023 L’
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300 kHz TO 6 GHz

Introducing the eVNA

A high-quality, affordable VNA from the
world's trusted partner for all things RF

DYNAMIC RANGE TRACE NOISE OUTPUT POWER
>120dB <0.008 dBrms -50to +7 dBm
2-Port 2-Path S-Parameters Time Domain and Gating
Built-in Bias Tee Accessible on Both Ports Port Extension De-Embedding
API for Windows and LabView eMCal (Electronic Calibration)
SCPI Command Interface Yearly Factory Calibration
Touchstone File Import and Export 3 Year Warranty
Size: 10" x 8" x1.75" Weight: 4.5 kg / 9.92 lbs
LEARN MORE
Complete line of calibration [E] 7% [E]
kits and accessories available. 1=
-
[=]

1 Mini-Circuits



ith the focus on ICs and the next wireless

‘G" in the electronics industry, WAFIOS

may be a name not too well known beyond
their sphere of influence. The seeds for the company
were planted when Ernst Wagner started a mechanical
workshop to weave thin wires in the town of Pfullingen,
Germany, in 1693. By the mid-1900s, Wagner's wire
fencing machines were winning awards and as the com-
pany grew, it moved to Reutlingen, Germany, in 1909
where it welcomed Hans Ficker as an active partner. The
company, then known as Wagner & Ficker Maschinenfabrik,
was competing with another fencing machine company
run by Otto Schmid and these two companies merged in
1914 with the new company named "WAFIOS" in tribute
to Wagner, Ficker and Otto Schmid.

From these beginnings at the onset of World War |, the
company has grown to become a leading global supplier of
precision machinery for wire, tube and formed parts. Along
the way, WAFIOS counts many firsts and advancements
in fencing, coiling, spring, bending and precision parts ma-
chines. What started with wires now extends to coaxial
cables, tubes and metalworking. WAFIOS has facilities in
the U.S., China, Mexico, Brazil and France, in addition to
a big presence in Germany. The company maintains sales
agencies on every continent except for Antarctica.

The company currently supports more than 120 active
machine types. The WAFIOS machine types include spring
coiling and forming, wire and tube bending and forming, wire
straightening and cutting, along with machines producing
spiral hose, nails, fasteners, chains, chain-link and other
types of fencing. These machines produce a wide variety
of products including cardiac catheters, surgical coils,
springs, conductor rails and suspension springs, brake
lines and heat exchangers. These products go into an
equally impressive range of applications, with e-mobility,
electric vehicle, electronic equipment and medical tech-
nology applications figuring prominently in production
efforts. The company succinctly sums this up as “thou-
sands of applications for almost all areas of life.”
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Befitting a company that has grown and evolved over
the last 130 years, WAFIOS embraces innovation. The
company claims about 200 active patents worldwide, with
more than 120 employees worldwide (about 12 percent
of the workforce) involved with research and development
(R&D) activities. The company spends 18 percent of their
revenue on R&D activities. The latest wave of innovation
at WAFIOS aims at expanding and evolving the computer-
ized and networking capabilities of their equipment. The
company introduced its first computer numerical control
(CNC) machine in 1978 and they are working toward the
goal that “anyone on the shop floor can run a WAFIOS
machine.”

This goal acknowledges the current challenge of hiring
skilled operators to manually operate the machines. The
broader realization is that computer and software-con-
trolled equipment can provide better, more cost-effective
solutions. To support these goals and this evolution, WA-
FIOS has an extensive collection of iQ-functions that offer
process optimizations for all WAFIOS machine groups.

The company is also developing a Smart Factory 4.0
concept as part of the Industry 4.0 transformation. To
support this, WAFIOS has a standardized, open system to
enable complete machine networking. This system includes
an OFC-UA interface to connect the machine to the exist-
ing infrastructure. In their vision, this will include machine-
machine communication, communication with a higher
control level or the cloud. These and other activities are
how WAFIOS, with 130 years of heritage, plans to address
the next 130 years of product innovation.

The WAFIOS North American headquarters is in Bran-
ford, Conn., with spare parts stock, service resources and
machines available for demonstration. The Chicago-area
Midwest Technical Center located in Mokena, lll., provides
additional resources as a service center, with machines
available for trials and demonstration. Both facilities are
structured to support application development, as well as
provide customers with hands-on training programs.
https://www.wafios.com/en/home/
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ENGINEERING EVOLVED

HIGH POWER DIRECTIONAL COUPLERS

Up to 1000:1 Bandwidth + Low Insertion Loss + Mismatch Tolerant ® Designs

Model Type Frequency (MHz) Power (W CW) Coupling (dB) Insertion Loss (dB) Connectors Size (inches)
C8730 Dual 0.009-250 500 40 0.40 N-Female 10.5x3.0x2.0
C8731 Dual 0.009-250 1000 40 0.40 N-Female 10.5x3.0x2.0
C11462 Dual 0.009-400 500 40 0.45 N-Female 6.7 x2.28 x1.69
C8510 Dual 0.009-1000 500 40 0.45 N-Female 6.7 x 2.28 x 1.69
C5047 Dual 0.01-100 4,000 50 0.15 7/16-Female 10.0 x 4.16 x 3.5
C1979 Dual 0.01-100 10,000 60 0.10 LC-Female 20x6.0x4.5
C5086 Dual 0.01-250 250 40 0.50 N-Female 52x267x1.69
C5100 Dual 0.01-250 500 40 0.40 N-Female 10.5x3.0x2.0
C5960 Dual 0.01-250 1,000 50 0.40 N-Female 10.5x3.0x2.0
C1460 Dual 0.01-250 2,000 50 0.15 N-Female 10.0 x3.0x2.0
C4080 Dual 0.01-250 3,500 50 0.20 N-Female 10.0x 4.6 x 35
C11026 Dual 0.01-220 5,000 60 0.10 LC-Female 120 x 6.0 x 4.5
C8390 Dual 0.01-250 10,000 60 0.10 LC-Female 120 x 6.0 x 4.5
C5339 Dual 0.01-400 200 40 0.50 N-Female 52x2.67x1.69
Ce047 Dual 0.01-400 500 40 0.50 N-Female 52x267x1.69
C2630 Dual 0.01-1000 100 40 0.60 N-Female 50x20x151
Ce021 Dual 0.01-1000 500 40 0.45 N-Female 6.7 x2.28 x1.69
Ce277 Dual 0.01-1000 500 50 0.45 N-Female 6.7 x2.28 x1.69
CIn46 Dual 0.01-1000 500 43 0.45 SC-Female 6.7 x 2.63 x 2.20
C11047 Dual 0.01-1000 1,000 43 0.45 SC-Female 6.7 X 2.63 x2.20
cimel Dual 0.01-1000 1,000 50 0.45 SC-Female 6.7 X2.63x2.20
C1795 Dual 0.1-1000 100 40 0.50 N-Female 50x20x151
C5725 Dual 0.1-1000 500 40 0.50 N-Female 52x228x1.69
C11077 Dual 0.1-1000 1,000 43 0.45 SC-Female 6.7 x2.28 x1.69
C3910 Dual 80-1000 200 40 0.20 N-Female 3.0x3.0x1.09
C5982 Dual 80-1000 500 40 0.20 N-Female 3.0x3.0x1.09
C3908 Dual 80-1000 1,500 50 0.10 7/16-Female 3.0x3.0x159
Ce796 Dual 80-1000 5,000 60 0.20 15/8" EIA 6.0" Line Section
C8060 Bi 200-6000 200 20 0.40 SMA-Female 1.8 x1.0x 0.56
C8000 Bi 600-6000 100 30 110 SMA-Female 4.8x0.88x0.50
cionz Dual 700-6000 250 40 0.20 N-Female 2.0x20x106
C10364 Dual 700-6000 500 50 0.20 7/16-Female 215x2.0x1.36
C10996 Dual 700-6000 700 50 0.20 7/16-Female 215x2.0x1.36
CT11555 Dual 700-6000 1,000 50 0.20 7/16-Female 215x2.0x1.36
C10695 Dual 700-6500 500 50 0.20 7/16-Female 215x2.0x1.36

Werlatone, Inc. 17 Jon Barrett Road Patterson, NY 12563 845-278-2220 sales@werlatone.com www.werlatone.com



