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Advancing RFIC Design Through Human-Al
collaboration and competition

Miller MMIC is a global provider
of RF semiconductor solutions
with expertise in GaAs and GaN
processes. We offer a diverse
range of products tailored to
various wireless applications. Our
product lineup encompasses a
wide array of offerings, including
Low Noise Amplifiers, Distributed
Amplifiers, Power Amplifiers,
Driver Amplifiers, RF Switches, RF
PIN Diode Switches, and
numerous other voltage- and
digitally-controllable RF
components.
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P1dB vs. Frequency

Voltage
| (vDC)
MMWO01T DC 200 | 17719 135 23@10GHz| 8.0
“MMWA4FP | 5000 | 1600 | 400 | 24.00
MMWS507 | 220 | 140 | 46 | 280 |

\ |

MMWS508 25dB @ 15GHz| 245

PN Freq Low (GHz) Freq High (GHz)| Gain (dB) NF(dB) P1dB (dBm) ‘
| 1

P1dB (dBm)

_MMW511
MMW512 [ |
MMWSFN | . | 14.00
MMWSFP ; | 14.00
MMW011 ! | 140

PN Freq Low (GHz)|Freq High (GHz)| Gain (dB)|  NF(dB) PldB(dBm)‘ V(‘\’l'::cg)e
|

MML040 6.0 180 | 240 15 140 | 50
MMLO58 1.0 | 180 | 150 17 170 | 50
MMLO63 400 | 110 29 150 | 50
MML08O 8 | 180 [1654s5| 19417 | 1875 | so 65/40 die
MMLO81 ] { 180 | 25/23 1.0/1.0 16/95 | 50 37/24 | die
‘MML083 0. |"200 | 230 | 16 110 | so | 58 | die

FREQUENCY(GHz)

NF vs. Frequency

Voltage
| (VDC)
MM3006 2.0 | 20.0 | 195 | 25 | 220 | 7.0 | 130 | die
MM3014 6.0 | 20.0 | 150 | - | 195 | 5.0 | 107 | die
MM3017T 17.0 | 43.0 | 250 | | 220 | 5.0 | 140 | die
MM3031T 20.0 | 43.0 | 200 | | 240 | 5.0 | 480 | die
MM3051 17.0 | 24.0 | 250 | - | 250 | 5.0 | | die
MM3058 18.0 | 40.0 | 20/195 | 2.5/2.3 | 16/14 | 5/4

MM3059 | 40.0 | 16/16 2.5/2.3 | 16/15

Current (mA) Package
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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products. Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional

testing instruments.

Through modular design

unique
techniques, hundreds of low frequency
probe needles and a variety of microwave
probes with operating frequencies from DC
to 40, 67, or even 110 GHz can be custom
configured to your layout.

GGB INDUSTRIES, INC.
Telephone (239) 643-4400 ~

Picoprobe eIevate&p{O‘

cards to a higher level...

(...110 GHz to be exact.)

Our patented probe structures provide the
precision and ruggedness you require for
both production and characterization
testing. And only Picoprobe® offers the
lowest loss, best match, low inductance
power supplies, and current sources on a
single probe card.

Our proven probe card design technology
allows full visibility with inking capabil-
ity and ensures reliable contacts, even when
probing non-planar structures.

E-mail email@ggb.com -

+ 4196 CORPORATE SQUARE -

Not only do you get all the attractive
features mentioned, but you get personal,
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs 10GHz 20GHz 40GHz
Insertion Loss 0.6 dB 0.8 dB 1.3 dB
Return Loss  22dB 18 dB 15 dB

For technical assistance, custom product
designs, or off-the-shelf delivery,call
GGB Industries, Inc., at (239) 643-4400.

NAPLES, FL 34104

www.picoprobe.com
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Signal Generator
¢ SSG-8N12GD-RC
8/ 8012 5GHz
B Max Reverse PWR +24 4B 15V DC

Signal Generators

Single-Channel & Dual Channel

Highlights

Wide output power range

Dual outputs with 360° independent phase control
Pulsed, CW, AM, FM, and chirp modulations

USB, Ethernet & PoE control interfaces

Daisy chain port for multi-module control
Compact housing, 3.6 x5.1x1.2"

LEARN MORE

Model Number Output Power # Channels Release Status

SSG-8N12G-RC 8to12.5GHz -55 to 23 dBm

SSG-8N12GD-RC 8t012.5 GHz -55to 23 dBm 2
SSG-5N9G-RC 5to 9 GHz -55to0 23 dBm 1
SSG-5N9GD-RC 5to 9 GHz -55t0 23 dBm 2
SSG-9G-RC 0.01to 9 GHz -50to 15 dBm 1
SSG-9GD-RC 0.01to 9 GHz -50to 15 dBm 2
SSG-R7N6G-RC 0.7 to 6 GHz -55t0 23 dBm 1
SSG-R7N6GD-RC 0.7 to 6 GHz -55 t0 23 dBm 2
SSG-1R5G-RC 0.02to0 1.5 GHz -55to0 23 dBm 1
SSG-1R5GD-RC 0.02to 1.5 GHz -55t0 23 dBm 2

Production
Production
Production

Production
Q2, 2025
Q2, 2025
Q2, 2025
Q3, 2025
Q3, 2025
Q3, 2025
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Power Sensors

Turn Your PC into a High-Performance Power Meter

Dynamic range options spanning -60 to +20 dBm

CW, true RMS, peak and average measurement capability

Sample rates up to 80 million samples per second

50 and 75Q models

Software package supports automated measurement with statistical analysis and time domain plots
No external calibration required

Measurement | Freq. Range | Input Power Measurement
Model # Control Interface (MHz) Range (dBm) Speed (ms)

PWR-40PW-RC USB & Ethernet Peak & Avg. 500-40000 -20to 20 5.00E-05
PWR-18PWHS-RC USB & Ethernet Peak & Avg. 50-18000 -60 to 20 1.30E-05
PWR-18RMS-RC USB & Ethernet RMS 50-18000 -60 to 20 0.5
PWR-9PWHS-RC USB & Ethernet Peak & Avg. 50-9000 -60 to 20 0.000013
PWR-9RMS-RC USB & Ethernet RMS 50-9000 -60 to 20 0.5
PWR-8P-RC USB & Ethernet Peak & Avg. 10-8000 -60to 20 0.002
PWR-8FS UsSB Cw 1-8000 -30to 20 10
PWR-8GHS USB CW 1-8000 -30to 20 30
PWR-8GHS-RC USB & Ethernet Cw 1-8000 -30to 20 30
PWR-8PW-RC USB & Ethernet Peak & Avg. 10-8000 -60to 20 0.00005

1 Mini-Circuits
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WE STAND
AMONG GIANTS

Innovation that cuts giants down to size.
Miniature. Modular. Intelligent.

SPECTRUM
CONTROL .

spectrumcontrol.com/sci-blocks
© 2026 Spectrum Control, Inc. All rights reserved
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MAKING MILLIMETERWAVE ACCESSIBLE

CAPABLE.
COMPACT.

ACCESSIBLE.

VNA Frequency Extenders

Dynamic Range vs. Frequency

p Extended Frequency Bands

p Excellent Dynamic Range

p Pricing built for scalability

Dynamic Range (dB)

ER AVA NT - e Eesquency (Gt!

WG Port Frequency Range Dynamic Range Test Port Qutput Phase Stability | Magnitude Stability Directivity
g Y 4 (Typical @ 10Hz BW) Power (Typical) (@300 Hz BW) (@300 Hz BW) (Typical)
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** Additional frequency bands & configurations are available online—scan the QR code to explore the full ACCESS lineup.
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WWW.ERAVANT.COM  visa E] Couplers » DC Blocks * Detectors ® Ferrite Devices e Filters e Frequency Converters ¢ Frequency Multipliers e Limiters ¢ Magic
Tees ¢ Mixers » Noise Sources ¢ Oscillators ¢ Phase Shifters e Power Dividers ¢ Radar Sensors ¢ Subassemblies  Switches ¢
Termination Loads ¢ Test Equipment e Test Hardware & Accessories ® TX/RX Modules ¢ Uni-Guide™ e Waveguide Sections
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-

18;40GHZ-200W
CW REMC18G40G0

RFLUPA02186GB : HE , RFLUPAO706GD
20W 1-19GHz s > 30W 0.7-6GHZ
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' 2 18-47GHZ " RFLUPA21G34GB

15W 27-34GHZ

RFLUPAOG18GD

60W 6-18GHZ
RFLUPAA7G536G 3 RFLUPA27G34GB

RFLUPAOGGI2GB  Ph 10W 47-53GHZ 7 30W 18-10GHZ
25W 6-12GHZ '/

.

SYSTEM POWER AMPLIFIER

REMCO2GOGGE REMC18G40GC2 RAMP30G65G6G RAMPOGG18GA RAMPOOMGSGA
600W 2-6GHZ 40W 18-20GHz 8W 30-65GHz 10W 6-18GHZ DC-65GHZ
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Has Amplifier Performance or
Delivery Stalled Your Program?
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Design with Confidence.
Source with Speed.

Fixed attenuators from the Spectrum Control brands you trust.
Available at RFMW.
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Chip Attenuators Coaxial Attenuators
Attenuation: up to 30 dB @ ‘ o Attenuation: up to 60 dB
Frequency: up to 40 GHz @ 6’ Frequency: up to 50 GHz
|
Power: up to 250W OO Power: up to 500W w.
LB
Cryo models also available Cryo models also available
DB Values DB Values
\" [oYo []| Frequenc Power ‘ Model Frequenc Power .
a y in Stock a y in Stock
PCAAF 18A - SMA
Wrap around DC-8 GHz 0.75 - 5W 1-12 *Hex connector DC-18 GHz 2W 0-40
terminal & ground available
PCAAW 40A -2.9mm
Wrap around DC-18 GHz 0.75 - 4W 0-20 *Hex connector DC-40 GHz 0.5W 2,11, 30
ground available
PCAA 53 -Type N
No wrap DC-18 GHz 075- 5w 1-8 Conduction/ DC-2.5Gz 500W 3,20, 30
Convection Cooled
PCAL
DC-12.4 GHz 1.6W 1,8,12
Tabbed SOEH - DC-50 GHz 0.5W 3,10, 30
2.4mm (Hex)
PCAF
86 - 3.5mm
Ygrriﬁnir\oggfound DC-4 GHz 15w 0-5 Conduction Cooled/ DC-22 GHz 50W 3,6,10
Bi-directional

Quick Links To In-Stock Attenuators
spectrumcontrol.com/rfmw-att

%
SPEONTROL. Lo RFMW.

spectrumcontrol.com © 2026 Spectrum Control, Inc. All rights reserved

The appearance of U.S. Department of Defense (DoD) visual information does not imply or constitute DoD endorsement.
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March 4
Chiplets and 3D Heterogenous Integration
This panel of experts will discuss the challenges of advanced packaging technologies such as
Chiplets and 3D Heterogenous Integration including integration, stacking, signal integrity and
thermal concerns. The group will discuss simulation, testing and performance advantages of these
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Advancing beyond

Exploring New Developments in

Wireless Communication Using FR3
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approaches.

Pat Hindle talks with Andrea
Goldsmith, President of Stony
Brook University and 2025 IEEE
Mildred Dresselhaus Medal
Winner, about how her wireless
communications insights have
affected wireless technology, the
future of communications and her
vision/strategy leading Stony Brook
University into a new era.
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Jason Cohenour, retired former CEO of Sierra Wireless, shares his story
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Take the Lead
in RF Design

with COMSOL Multiphysics®

Multiphysics simulation is expanding the scope of RF analysis to higher
frequencies and data rates. Accurate models of microwave, mmWave, and
photonic designs are obtained by accounting for coupled physics effects,
material property variation, and geometry deformation. Ultimately, this
helps you more quickly see how a design will perform in the real world.

» comsol.com/feature/rf-innovation

N8 COMSOL



LOVE AT FIRST SPEC LEARN MORE

Not Flowers Lo

When Compatibility Really Matters,
Choose the Perfect Cable

Key Features
400+ models in stock (custom lengths & configurations available)
Cable construction options from jumpers to VNA cables & more
Wide range of connector types, genders, orientations and mounts

Rugged construction for high reliability & long life

JMini-Circuits
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Q/V-Band Frequency Converters
for Next-Generation Satcom

Systems

Korkut Yegin and Paul Gouws
ETL Systems, Rickmansworth, U.K.

ext-generation  satellite

communication (satcom)

systems targeting data

rates in excess of Tb/s,
such as ViaSat 3, are expected to re-
place traditional, aging broadband
systems. High-throughput satellite
(HTS) and very high-throughput
satellite (VHTS) systems operating
at multiple Ka-, Q- and V-Bands are
gaining popularity in practical re-
alisation of such data rates, which
were perceived as almost impos-
sible to achieve in commercial ap-
plications not long ago.’3 These
new generation satellite systems
are deemed vital to a diverse range
of applications from mega-constel-
lation LEOs, future MEOs and high-
altitude platforms to unmanned

aerial vehicles, drones and cellular
backhaul.

The effective use of the Q- and
V-Bands has the potential to double
the total satellite bandwidth avail-
able. The Q/V spectrum is currently
sparsely populated, and physically
smaller antenna sizes offer many
advantages, including reduced
mass in satellite hardware. Narrower
beam widths allow reduced satel-
lite spacing and a denser constella-
tion. Q/V-Band feeder links reduce
the number of gateways required
to support system capacity and free
up spectrum allocated to Ka-Band
gateways, which can be used for
user links, as illustrated in Figure 1.

The main drawbacks of the Q/V
satellite system are the increased
propagation and  atmospheric
losses  compared

W
%

Feeder Links
(Q/V-Bands)

A

User Links
(Ka-Band)

29 A

to Ka-Band coun-
terparts and less
mature  technol-
ogy in the choice
of high frequency
components  such
as amplifiers, mix-
ers, filters and pas-
sive components,

-

> S ol which  inevitably
increase the cost of
)) these converters.

These are the main
reasons that Q/V-

A Fig. 1 Typical application scenario.

18

Band implementa-

tion of satcom is currently limited to
gateways and satellites rather than
to direct users.

In a typical uplink to satellite sce-
nario, the V-Band frequency con-
verter is utilized after the modem
and before the high power ampli-
fier (HPA), as illustrated in Figure
2. The output power of the V-Band
frequency converter itself would be
too low to overcome the signal path
loss, which is mostly composed of
propagation loss, atmospheric loss,
depolarization due to Faraday ro-
tation and ionospheric scintilla-
tion. Although pencil-beam high
gain antennas are employed at the
ground station terminals, there is
still a need for an HPA to establish
seamless communication between
the ground station and the satel-
lite. Furthermore, most modems
have data ports through fibre or
Ethernet, which makes them more
suited for indoor units where they
can be managed effectively. HPAs,
on the other hand, need to be close
to the antenna or to the antenna
control room to minimize losses
and electromagnetic shielding. As
signal loss increases with frequency,
it becomes necessary to co-locate
the frequency converter and HPA
as close to one another as practical,
and likewise HPA to the antenna
feed as possible.

The RF characteristics of HPAs

MW]JOURNAL.COM m FEBRUARY 2026
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Control and Command
Center (Climate Controlled)

10/100 MHz
Reference
Distribution

L-Band
Modem-1
L-Band
Modem-2 W /

Coax or RFoF

Antenna Hut

V-Band HPA
Up-converter

1 [

L-Band
Modem-3

10/100 MHz
Ref

Data Management and Control

L-Band
Modem-5

L-Band
Modem-4 \/

Q-Band

1L

AC Mains and
Ethernet

- Down-converter

A Fig. 2 Satellite link configuration for Q/V-Band satcom.

are also different than modems as
their linearity, group delay and effi-
ciency depend on the levels of input
and output signal and their physi-
cal operational environment. Thus,
an up-converter not only translates
the L-Band modem frequency to
V-Band but also serves as an inter-
mediary to maintain the linearity
requirements of both modem and
HPA while providing adequate gain
to overcome the loss between the
two ends of the communication link.

The downlink scenario of the
communication link resembles that
of the up-converter for most tradi-

tional and legacy satcom systems.
However, with the usage of spot-
beams, satellite frequency reuse
and polarization diversity of tradi-
tional bent-pipe architectures have
been replaced with more compli-
cated systems, where software-
defined radio architectures gained
increased popularity with adaptive
and reconfigurable frequency trans-
lation and signal routing. Thus, the
downlink signal bandwidth, data
rate and signal modulation can dy-
namically change, which must be
accounted for at the down-convert-
er. Unlike HPAs, the low noise am-

plifiers (LNAs) are more standard,
and the noise figure, linearity and
signal distortion requirements are
well known to affect the system per-
formance within a predefined signal
bandwidth. However, traditional
LNAs aim to minimize noise figure
and maximize gain over a narrow
bandwidth, tuned to be reconsid-
ered for wideband systems, where
gain variation should be corrected
before the HPA. The distortion add-
ed to the received satellite signal
should be minimal at the frequency
conversion stage, namely at the
down-converter. Thus, the linearity
requirement of the Q-Band down-
converter is expected to be consid-
erably better than that of a typical
Ku-Band down-converter.

To describe multiple modems
connected to a V-Band up-con-
verter, the term multi-channel is of-
ten used in product specifications.
In strict terms, a communication
channel refers to a physical trans-
mission medium such as wire, fibre
or radio in the context of telecom-
munications. However, in broad-
casting terminology, a channel is
usually referred to as a data stream
within the transmission or reception
bandwidth. Thus, a bandwidth can
be divided into sub-bands, where
each sub-band is called a channel.
This can be regarded as the classi-
cal definition of channel, which is
somewhat different than its modern
usage, where multiple access sys-
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A Fig. 3 L-Band translation of input bands to V-Band.
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tems, such as code-division or time-
division, utilize the entire bandwidth
for all user channels to increase the
capacity and data rate. L-Band mo-
dems shown in Figure 2 are com-
bined to form a wideband signal
that has been translated to V-Band
and transmitted to the satellite (see
Figure 3). In classical frequency di-
vision systems, the channels are
separated by guard bands to mini-
mize inter-channel interference and
leakage. Adjacent channel power
ratio (ACPR) is usually a very strict
parameter that directly impacts the
system performance. In the satellite
broadcasting industry, the distribu-
tion of channels within a given sat-
ellite bandwidth is usually controlled
by the satellite operators and system
engineers. Unlike a typical wireless
link, where there is no or minimal
control over the source frequency
and information, satellite operators
can define modem output frequen-
cies for minimal interference. Satel-
lite system operators are usually ex-
perts in link configuration and would
rather control the frequency distribu-
tion of combined signals than reduce
the expensive bandwidth for fixed
channel separation. In a typical wire-
less system, usually 10 percent of
the bandwidth from each end, which
amounts to 20 percent of the allocat-
ed bandwidth, would be reserved for
guard bandwidth, which translates
to almost 200 MHz of unused band-
width in satcom. With high peak-to-
average ratio modulated signals, this
guard band would be widened even
further to maintain the same ACPR
value. This allocation of bandwidth
is deemed to be an underutilized re-
source in satellite broadcasting and
communication. Therefore, edge-to-
edge stacking up of L-Bands with-
out leaving any guard band is pos-
sible with appropriate reservations in
communication planning.

General specifications for fre-
quency converters are outlined
next. Critical converter features
that impact Q/V-Band frequency
converters, such as isolation, phase
noise and group delay, are also de-
tailed in subsequent sections.

Single or multi-channel L-Band
signals can be translated to V-Band
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TABLE 1
Input Frequency (GHz) 1.15-2.15 37.5-425
Output Frequency (GHz) 47.2-52.4 1.15-2.15
Number of Channels 5 5
Gain Flatness (dB)
v 5z +/-1.5 +/-15
over 1 GHz Channel +/-1.0 +/-1.0
any 40 MHz (in Channel) +/-03 +/-03
Mean Conversion Gain (dB) 30 30
Gain Control Range (dB) 0-30 0-30
Uplink Power Control (UPC) Yes N/A
Programmable
Electronic Slope Equalizer (dB) 0-6 0-6
Noise Figure (dB) 16 14
OP1dB (dBm) +5 +10
OIP3 (dB) +15 +25
Input Return Loss 18 14
Output Return Loss 14 18
Spectral Inversion Non-inverting Non-inverting
In-band/Out-of-band Spur (dBc) -60 -60
Phase Noise (dBc/Hz) 10 Hz Offset: -47 10 Hz Offset: -47
100 Hz Offset: -67 100 Hz Offset: -67
1 kHz Offset: -85 1 kHz Offset: -85
10 kHz Offset: -85 10 kHz Offset: -85
100 kHz Offset: -92 100 kHz Offset: -92
1 MHz Offset: -102 1 MHz Offset: -102
Group Delay Variation 3 ns (p-p) 3 ns (p-p)
External Reference (MHz) 10/100 10/100
Input/Output Connector N/ WR19 WR22 / N
Indoor/Qutdoor Outdoor Outdoor

using either a single or dual conver-
sion. Using legacy L-Band modems,
a general dual-stage architecture
can provide enough flexibility in
system design and component se-
lection. With the emergence of C-
Band modems, a single channel
with an excess of 2 GHz instanta-
neous bandwidth can also be con-
sidered. However, the limited avail-
ability of such modems precludes
their widespread use in commercial
markets at present.

The down-converter architecture
is similar to that of the up-converter,
but the RF specifications can be dif-
ferent. In the up-converter, the lin-
earity of the wideband signal that
is formed from L-Band signals is
mostly dictated by the last stage V-
Band section, whereas in the down-
converter, this requirement is mostly
transferred to the final L-Band out-
put stage. The presence of an LNA
at the front-end eases noise figure
requirements of the down-converter
and places greater emphasis on the
linearity of subsequent sections.

General system specifications for
up- and down-converters are sum-
marized in Table 1.

Apart from in-band and out-of-
band spurs, adjacent channel leak-
age at the input or output is also
undesirable and must be kept as low
as possible. A possible leakage sce-
nario is illustrated in Figures 4 and

“+= American Owned & Made
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5, where Channel 2
is coupling to other
channels. The cou-
pled signal would :

Lmodem(f)

Ch1

appear at the in-

put modem band Ch 2

of other channels

f(GHz)

for  input-to-input o
coupling in Figure
4, where the con-
ducted  coupling

Ch3

f(GHz)

must go through L=

the combiner and Ch4

reverse direction of

f(GHz)

the victim convert- z
er channel, which
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ter than its forward
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— : f(GHz)
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A Fig. 4 Channel 2 leakage to other channels (input-input
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splitter isolation be-
tween the channels.
Since L-Band chan-
nels are stacked back-to-back, band
edges shared by adjacent channels
can only be isolated by the combiner
isolation theoretically.

Phase noise is one of the most
critical metrics that impacts system
performance. In a typical digital
constellation, the relation between
PN and error vector magnitude
(EVM), as seen in Figure 6, can be
established. EVM can be expressed
by Equation 1:

/[VFEf(t) - Vmeas (t) ]2 dt
EVM =
[ et ot
where v (1) and v, () are

expected and measured signals,
respectively. For |p(t)|<<1, the ex-
pression can be approximated by
Equation 2:

[ET =

2R?-2R?cos(¢) =~ R?$2 2)
and EVM can be readily stated as
seen in Equation 3:

EVM = (brms =

100%x/2 % [ LD (3)

A Fig. 5 Channel 2 leakage in output spectrum.

Therefore, the maximum EVM for
a chosen digital modulation also sets
the upper bound for maximum phase
noise. Although this integrated phase
noise is a critical factor, spurs in the
phase noise spectrum can also lead
to increased EVM and translation of
unwanted signals into the band.

The |IESS-308 Standard is often an
adequate performance metric for Ku-
Band systems.# The U.S. military, how-
ever, has been using slightly tighter
phase noise specifications as outlined
in MIL-STD-188-164C.>¢ Both specifi-
cations are summarized in Table 2.

In the up-converter module, a 36
GHz signal source is used to trans-
late the intermediate band (IF) to V-
Band. The phase noise of this signal
would be the dominant contributor

Q

/ Error Vector

® Reference

A Fig. 6 lllustration of EVM.2
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to the up-converter phase noise.
The signal is first generated using a
synthesized source of 18 GHz, and
with the help of a doubler, 36 GHz
is obtained. The phase noise at 18
GHz is shown in Figure 7.

The phase noise for the entire
five-channel V-Band block up-con-
verter is also measured, and its per-
formance at the upper band edge,
namely 52.4 GHz, is displayed in
Figure 8. Even at this extreme band

.1 WAVEPIA

edge, the unit easily satisfies IESS
standards and performs very close
to MIL standards.

Group delay variation is also a
critical metric in system design and
link calibration. A waveguide filter at
the final output of the V-Band up-
converter and input of the Q-Band
down-converter is needed to pro-
vide good rejection for out-of-band
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TABLE 2
10 Hz -30 -32
100 Hz -60 -62
1 kHz -70 72
10 kHz -80 -82
100 kHz 90 -92
1 MHz 90 -102
10 MHz 90 -102

signals and spurs. This filter is built
and measured, and its measured
group delay response is shown in
Figure 9. Measured data are pro-
cessed in AWR Microwave Office
with other building blocks.

Critical design aspects of wide-
band Q/V-Band frequency convert-
ers are discussed. Apart from legacy
converter designs, the target 5 GHz
conversion bandwidth has key de-
sign challenges in terms of in-band
(channel-to-channel) leakage and
spurs, low phase noise to accommo-
date higher modulation and coding
and low group delay variation. To
overcome these critical issues, the
design is made flexible and scalable
in terms of submodules that sepa-
rate the final translation band from
the L-Band and intermediate bands.
That way, wider single-channel mo-
dems such as 2 GHz C-Band mo-
dems can also be utilized with the
modification of submodules. The
use of IF combiners/splitters per-
mits such scalability.

Uplink power control (UPC) set-
table up-converters would be an
essential part of these systems, as
fade margins would be higher com-
pared to Ka-Band counterparts.
UPC based solely on beacon feed-
back in an open loop system is usu-
ally inferior to systems that employ
an additional closed loop system
based on a test-loop-translator of
the pilot channel. In traditional sys-
tems, UPC is used to adjust HPA
with a limited linearity range. When
UPC is simultaneously utilized in the
up-converter and HPA, the dynamic
range or the linearity range of the
satellite link can be enhanced.
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A Fig. 7 Measured phase noise at 18 GHz.
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A Fig. 8 Measured phase noise at 52.4 GHz.
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The CMX500 is the versatile solution
designed for testing various
NTN technologies.

he rise of non-terrestrial networks (NTN) leverag-
ing satellites and high-altitude platforms prom-
ises ubiquitous connectivity, particularly for under-
served areas, global loT applications and emer-
gency communications. As NTN matures alongside 5G and
looks towards 6G, overcoming significant technical hurdles is
key to realizing its potential. To address these hurdles, Rohde
& Schwarz has upgraded its tried-and-tested CMX500 5G
one-box signaling tester, supporting NR-NTN, NB-NTN and
Direct-to-Cell (D2C/DTC) technologies in a single platform.

UNIQUE CHALLENGES OF NON-TERRESTRIAL
NETWORKS

Unlike terrestrial networks, NTN introduces unique challeng-
es due to the dynamic nature of satellite communication: LEO
satellites move rapidly relative to ground-based UEs, creating
constantly shifting radio environments characterized by Doppler
frequency shifts, variable propagation delays and substantial
path loss. This demands sophisticated channel emulation ca-
pable of accurately replicating real-world satellite conditions.
Further complicating matter is the multi-orbit and multi-band
nature of NTN. Services operate across LEO, MEO and GEO,
each presenting unique handover, latency, and coverage con-
siderations. NTNs also utilize diverse frequency bands, including
sub-6 GHz and higher FR2, requiring Frequency Division Duplex
(FDD) instead of the more common Time Division Duplex (TDD)
used in terrestrial FR2 transmissions.

CRITICAL REQUIREMENTS FOR SEAMLESS NTN
CONNECTIVITY

Seamless connectivity in NTNs relies on frequent and reli-
able handovers between satellite beams and between satellites
themselves, a critical aspect for fast-moving LEO constellations
with limited coverage areas. Effective handovers necessitate
precise real-time ephemeris data, tracking satellite and UE po-
sitions, alongside interoperability with terrestrial network seg-
ments. Finally, testing requires simulating extended operational
periods to account for complex handover scenarios triggered by
factors like signal strength or distance.

A VERSATILE PLATFORM FOR NTN TESTING

The CMX500 supports two primary testing configurations: Full
Satellite Access Network (SAN) emulation for device manufactur-
ers, simulating the complete NTN architecture for comprehensive
device testing, and gNB and 5G core network emulation for sat-
ellite network operators, validating satellite components against
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Comprehensive NTN
Testing with the CMX500

standards-compliant cellular technologies. The CMX500 platform
creates a high-fidelity digital twin of the sky, simulating orbits,
bands and impairments like Doppler shifts and fading. Key fea-
tures include dedicated internal FPGAs for channel emulation and
signaling, over-the-air testing capabilities using anechoic cham-
bers and robotic arms for higher frequencies, and comprehensive
RF and QoS testing via external IP networks.

Rohde & Schwarz also offers an XLAPI Python Test Case
package, which includes a range of Starlink LTE-DTC test sce-
narios. These scenarios cover critical aspects such as LTE attach
time and success rates in DTC mode, Event A3 handover, cell
reselection between intra-frequency LTE DTC cells, and recovery
after Radio Link Failure (RLF) on LTE DTC cells, among others.
An Al-powered script generation tool (ScriptAssist) further sup-
ports users.

Enhancing the CMX500 is the Constellation Insights Tool,
a software solution offering powerful management features for
NTN testing. By allowing engineers to visualize satellite con-
stellations, analyze coverage gaps and observe trajectories, it
tackles complex aspects like mobility management, constella-
tion behavior and long-duration simulations. It displays crucial
fading parameters like path loss and Doppler shifts, providing a
comprehensive view of link conditions.
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Configure and visualize a simulation period with the Constellation
Insights Tool.

ENABLING THE FUTURE OF CONNECTIVITY

As 5G NTN evolves, advanced testing solutions like the
CMX500 and the Constellation Insights Tool are vital for accel-
erating development, ensuring quality and guaranteeing the
reliability of these transformative networks. The future of NTN
connectivity is rapidly becoming a reality, driven by advance-
ments in testing and simulation.

vl Visit Rohde & Schwarz at MWC Barcelona at booth 5A80 for a

GSMA live demo of the CMX500: www.rohde-schwarz.com/mwc¢

Find out how the CMX500 can enable you to shape the future of NTN connectivity: www.rohde-schwarz.com/cmx-ntn
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Model No. Freq (6Hz)  Gain (@8) MIN  Noise Figure @8)  Power-out@p1d8  3rd Order ICP R
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP + +20 dBm 1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20 dBm 1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20 dBm 1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32 dBm 1
(CA02-3112 0.5-2.0 36 45 MAX, 2.5TYP +30 MIN +40 dBm 1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20 dBm 1
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5TYP +30 MIN +40 dBm 1
(A618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33 dBm 1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 1
(A2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20 dBm 1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30 dBm 1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm 1
LIMITING AMPLIFIERS

Model No. Freq (GHz)  Input Dynamic Range  Output Power Range Psat  Power Flatness dB R
CLA24-4001 2.0-4.0 -28 to +10 dBm +7 to +11 dBm + 1
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 10 +18 dBm +/ 1.5 MAX 1
(LA712-5001  7.0-12.4  -2110+10 dBm +14 t0 +19 dBm +/-1.5 MAX 1
(LA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (GHz)  Gain @8 MIN  Noise Figure @8)  Power-out@p1d8 Gain Aftenuation Range R
CA001-2511A  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 1
CA05-3110A 0.55.5 23 25 MAX, T.5TYP  +18 MIN 20 dB MIN 1
CA56-3110A 5.85-6.425 28 25 MAX T5TYP  +16 MIN 22 dB MIN 1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 2.0 TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Fre(i (6Hz)  Gain dB) MIN N0|se Flgure dB  Powerout@pri8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm 2.0
CA001-2211 0.04-0.15 24 3.5 MAX 2.2 TYP +13 MIN +23 dBm 2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX 2.2 TYP +23 MIN +33dBm  2.0:]
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1
(A002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
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‘» Competitive Pricing & Fast Delivery
e Military Reliability & Qualification

e Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & More
e Unconditionally Stable (100% tested)
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Gain dB) MIN  Noise Figure @)  Power-out@p1d8  3rd Order (P VSWR
28 MAX, 0.7 TYP +10 MIN +20 dBm .1
30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm 1
29 1.1 MAX, 0.95 TYP +10 MIN +20 dBm 1
29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm 1
27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm 1
25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm 1
32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm 1

NOISE AND MEDIUM POWER AMPI.IFIERS

28 0.6 MAX, 0.4 TY +10 MIN +20 dBm 1
28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 1
25 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 1
30 0.6 MAX, 0.45 TYP +10 MIN +20 dBm 1
29 0.7 MAX, 0.5 TYP +10 MIN +20 dBm 1
28 1.0 MAX, 0.5 TYP +10 MIN +20 dBm 1
40 1.0 MAX, 0.5 TYP +10 MIN +20 dBm 1
87 1.2 MAX, 1.0 TYP +10 MIN +20 dBm 1
25 1.4 MAX, 1.2 TYP +10 MIN +20 dBm 1
25 1.6 MAX, 1.4 TYP +10 MIN +20 dBm 1
30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm 1
40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm 1
30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm 1
30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm 1
30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm 1
28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm 1
30 5.0 MAX, 4.0 TYP +30 MIN 1
25 3.5 MAX, 2.8 TYP +21 MIN +31 dBm 1

and AS91008
CERTIFIED

) & MULTI-OCTAVE BAND AMPLIFIERS

CIAO Wireless can easily modify any of its standard models to meet your "exact” requirements at the Catalog Pricing.
Visit our web site at www.ciaowireless.com for our complete product offering.
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Boeing Delivers B-52 with New Radar to
USAF for Testing

oeing has delivered the first B-52 Radar

Modernization Program (RMP) flight test air-

craft to the U.S. Air Force for testing with the
412th Test Wing at Edwards Air Force Base in Califor-
nia. The test aircraft was fitted with an APQ-188 active
electronically scanned array radar system that is akin to
those on fighter aircraft.

The RMP upgrades are a critical part of the B-52'
broader modernization efforts that will keep U.S. global
strike capability ahead of threats through the 2050 and
beyond. The testing at Edwards AFB follows ground
integration and initial system functional checks com-
pleted at Boeing’s San Antonio facility.

“The new radar will significantly increase B-52 mis-
sion effectiveness by improving situational awareness,
speeding target prosecution and enhancing aircrew sur-
vivability in contested environments,” said Troy Dawson,
vice president
of Boeing
Bombers.
“This phase
of the pro-
gram is dedi-
cated to get-
ting it right
at the start so
that we can
execute the

B-52 (Source: Boeing)

full radar modernization program.”

Data gathered during testing will inform subsequent
developmental test phases and the planned retrofit of
the 76 operational B-52 aircraft.

RMP also includes two Display and System Sensor
Processors as its mission computers to integrate the ra-
dar with B-52 systems, along with two large 8x20 in.
high-definition touchscreens at the Nav and Radar Nav
stations for radar imagery, control and legacy displays
and two fighter-like hand controllers for radar opera-
tion. The system features upgraded cooling, providing
liquid cooling for the radar and engine bleed-air heat-
ing for very cold conditions.

Viasat Introduces Next-Gen Global
Ka-Band Network to Support Resilient
Government Satcom

iasat Inc. announced a significant evolution
of its network for government customers by
unifying Viasat Ka-Band satellites, the Global
Xpress satellite fleet and select partner satellites into a

For More
Information
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DefenseNews
Cliff Drubin, Associate Technical Editor I \

fully integrated global Ka-Band satcom network. Fully
interoperable with MILSATCOM Ka-Band networks, this
evolved Ka-Band network capability will provide seam-
less global, multi-orbit Ka-Band connectivity for gov-
ernment and military users, offering increased perfor-
mance, expanded coverage and greater resiliency for
missions across air, land and sea.

Leveraging an integrated waveform, upgraded gate-
ways and common ground architecture, Viasat's expand-
ed global Ka-Band connectivity for government will en-
able customers to seamlessly roam between Ka-Band
satellite networks, including Viasat satellites, Global
Xpress Ka-Band satellites (part of Viasat's global fleet
following the acquisi-
tion of Inmarsat in 2023)
and other commercial
and government Ka-
Band satellites. Moving
forward, government
users operating across
domains will be able to
access this evolved Ka-
Band network through
upgraded, single terminal solutions rather than need-
ing multiple hardware solutions.

Viasat's integrated Ka-Band network will offer gov-
ernment users ubiquitous roaming and faster connec-
tivity, with data rates up to 200 Mbps with a 45 cm or
equivalent antenna, and it features electronically and
mechanically steered beams that offer the flexibility to
dynamically allocate bandwidth and deliver dedicated
secure connectivity for mobile government platforms.
The unified Ka-Band network will incorporate the ul-
tra-high-capacity ViaSat-3 satellites, each designed to
move significant bandwidth to meet real-time demand
in high-concentration areas. The recently launched
ViaSat-3 F2 satellite will provide additional resilience for
the Americas and the ViaSat-3 F3 satellite is planned to
deliver coverage over the Asia-Pacific region.

Viasat's global network is designed to support na-
tional security and mission operations in contested
environments, including dedicated Mil-Ka access and
specific features built-in for increased resilience against
threats attempting jamming, interference and denial
attacks to disrupt communications. Viasat's integrated
Ka-Band network is part of Viasat's global, multi-orbit
network roadmap, helping Viasat further deliver resil-
ient and secure connectivity with the flexibility to meet
different customer and mission needs.

With abundant bandwidth capacity and redundant
layers across the unified network, Viasat government
satcom, part of communication services, offers custom-
ers scalable service models that enable multi-mission
flexibility for entire military fleets, including dedicated
beams that provide sovereign control and predictable
performance.

Supports High
Speed, Resilient Multi-

Network Connectivity
for Multi-Domain
Mission Operations

Visit mwjournal.com for more defense news.
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SAMP/T NG: Thales Contributes to the
Success of the European Air Defense
System’s Firing Campaign

n Monday, December 15, 2025, the first test
firing of the French version of the SAMP/T
NG system was successfully performed from
the DGA Essais de Missiles test range in Biscarosse
(Nouvelle-Aquitaine region). Each system features a
Thales Ground Fire radar with a performance range of
up to 400 km and panoramic coverage at 360 degrees
and 90 degrees elevation. The Ground Fire radar, which
has been in series production since the beginning of
2025, was demonstrated during this firing of the French
version of the SAMP/T NG system.

This firing campaign has once again demonstrated
the high level of performance of this long-range air
defense system developed by Eurosam, a joint ven-
ture between Thales and MBDA. After a successful first
firing in Italy on December 3, 2025, this new firing in
France demonstrated the innovations and performance
of the SAMP/T NG fire control system with its new mod-
ernized Engagement Module when coupled with the
Thales Ground Fire radar.

Based on fully digital active electronically scanned
antennas technology, the Ground Fire radar provides
a very high level of performance for the detection,

|

Electron Device
Business

Dependable

RADAR
PRODUCTS

tracking  and
classification
of all types of
targets in the
most  difficult
environments
(sea, moun-
tains, intense
traffic density,
SAMP/T NG (Source: DGA Essais jamming, etc.).
de Missiles) This multifunc-
tion radar features a refresh rate of only 1 second and a
surveillance capacity of up to 400 km, with panoramic
coverage at 360- and 90-degree elevations. It is capa-
ble of simultaneously detecting drones, fighter jets and
ballistic missiles while benefiting from the mobility of a
tactical radar.

This success is a further step toward the operational
deployment of the SAMP/T NG system in France and
Italy, with the first deliveries scheduled for 2026.

The SAMP/T NG system has thus established itself
as the only European alternative for medium- and long-
range protection against all types of threats, including
ballistic, maneuvering and saturating threats.

The SAMP/T NG program is supervised by the Organ-
isation Conjoint de Coopération en matiere d’Armement
(OCCAR). Eurosam, a joint venture between Thales and
MBDA, is the prime contractor for the entire system.

Premier radar manufacturers depend on CPI EDB for their most complex radar systems.
You can depend on CPI EDB for reliable, advanced technology and components, including:

* Solid State Power Amplifiers e Transmitters
e Receiver Protectors e TWTs Scan for
* Integrated Microwave Assemblies e Magnetrons more information

Contact the CPI EDB radar experts today at

ElectronDevices@cpi-edb.com to upgrade your radar systems.

CPI Electron Device Business « 150 Sohier Road, Beverly, MA 01915-5536, USA « +1 (978) 922-6000 » www.cpi-edb.com = E@
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Great things can come in small packages. Reactel filters are ideally suited for
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Many manufacturers rely on Reactel to provide units which are:
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U.S. Nears Universal 5G Adoption as North
America Leads the World

he global wireless industry continued its

rapid expansion in the third quarter of 2025,

with global 5G connections reaching 2.8 bil-
lion worldwide, according to data from Omdia and 5G
Americas. North America remains one of the world’s
most technologically advanced 5G markets, achieving
exceptionally high adoption levels driven by strong
consumer uptake and strong technological leadership,
including enhanced 5G features that improve perfor-
mance, efficiency and real-world network intelligence
for consumers and enterprises alike.

In terms of 5G penetration, the U.S. accounts for
341 million 5G connections against a population of 344
million, one of the highest 5G penetration rates glob-
ally. As a region, North America leads the world in 5G
penetration, reaching 363 million 5G connections in Q3
2025, representing nearly 95 percent of the region’s
population. While Asia leads in absolute 5G volume
with 2 billion 5G connections today, North America
leads in per capita 5G adoption, significantly outper-
forming the global average of 36 percent.

North America’s 5G connections are forecast to grow
to 867 million by 2030, more than doubling from current
levels. This growth reflects a shift toward multi-device 5G
environments, supporting advanced mobility, fixed wire-
less access and a broad array of connected platforms.

Additionally, fixed wireless access (FWA) continues to
be a growing driver of multi-device adoption, expanding
high speed broadband choice for households and small
businesses, particularly in markets where fiber deployment
is limited or still underway. Globally, 4G LTE and 5G FWA
accounted for 78.14 million connections at the end of Q3
2025, with a year-over-year (YoY) growth rate of 27 percent.

As of November 2025, there were 379 commercial
5G networks deployed worldwide, including 17 in
North America, alongside 707 LTE networks globally.
This infrastructure expansion is key to supporting sky-
rocketing demand for ultra-reliable, low latency con-
nectivity. Looking ahead, NTNs like satellite connectiv-
ity are emerging as a complementary layer to terrestrial
5G, extending coverage to remote areas, supporting
resiliency during emergencies and enabling seamless
service continuity across land, sea and air.

Industry Report Finds 62% of Survey
Respondents More Confident to Invest in
Wi-Fi Than 12 Months Ago
he Wireless Broadband Alliance (WBA) pub-
lished the “WBA Industry Report 2026," which

contains the results of its annual industry sur-
vey across the Wi-Fi, cellular and enterprise ecosystem.

For More
Information
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Among its chief findings is that 62 percent of respon-
dents have grown more confident to invest in Wi-Fi
over the last 12 months (18 percent are as confident).
Wi-Fi 7 is the technology most likely to be deployed
in 2026, with 38 percent of respondents planning de-
ployments. Closely behind that is the impact of Al, with
32 percent planning to deploy Al/cognitive networks,
which can transform Wi-Fi networking with an ability to
improve the performance and reliability of networks.

The survey details where respondents expect to see
overall network and traffic growth. Smart Home loT led the
top three with 36 percent, followed by Al (33 percent) and
industrial/manufacturing applications & loT (24 percent).

The 2026 survey highlights a positive outlook for Wi-
Fi, strong momentum behind Wi-Fi 7 and 6 GHz and
growing confidence in OpenRoaming as a foundation
for seamless, secure connectivity across public, private
and carrier networks. Together, the findings underline
the importance of WBA's core focus areas, including
OpenRoaming, Wi-Fi 7, Al-enabled Wi-Fi, QoS/QokE,
security and Wi-Fi/5G convergence.

When asked about the role of Wi-Fi in converged
networks with both 5G and private enterprise imple-
mentations, responses reinforced the view that the
technologies are complementary and together benefit
organizations. 60 percent said combining them would
give their organization greater enterprise flexibility. The
same proportion expect Wi-Fi and 5G to co-exist rather
than be a binary choice for enterprise networks.

The industry survey shows OpenRoaming transition-
ing into a period of mainstream planning, with the need
for seamless onboarding and roaming between Wi-Fi
and cellular networks now seen as central business driv-
ers. 38 percent of respondents say they had already de-
ployed an OpenRoaming and/or Passpoint-compliant
network with a further 32 percent wishing to deploy in
2026 and 18 percent in 2027.

When asked what is driving investment in OpenRoam-
ing/Passpoint, the top three reasons given were enable-
ment of frictionless Wi-Fi (63 percent), seamless access
between Wi-Fi and 5G/LTE (60 percent) and seamless ac-
cess across different networks (40 percent). Each of these
responses relates to network access, highlighting that this
element is the most important factor for the industry.

The WBA Industry Survey 2026 collected input from
185 participants worldwide, with diverse job roles rang-
ing from the C-suite and business strategy to those in
research and development and product management
in a wide range of sectors.

LiDAR for Automotive 2025: The
Intensifying Global Battle for IP Leadership
nowMade released its latest patent land-

scape report, “LiDAR for Automotive — Pat-
ent Landscape Analysis 2025,” a compre-

Visit mwjournal.com for more commercial market news.
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hensive study capturing how global innovation and IP
strategies are shaping the future of LIDAR technologies
for ADAS and autonomous vehicles. As LiDAR transi-
tions from an advanced sensor option to a core enabler
of vehicle perception, patenting activity has acceler-
ated at unprecedented speed. As of October 2025, the
global patent landscape for automotive LIDAR includes
more than 36,200 patent families and over 62,900 indi-
vidual patents. LIDAR patent filings have tripled since
2021, underscoring the sector’s rapid move from initial
research to full-scale industrial deployment. Between
2020 and 2025, patent activity shows an estimated
CAGR of 27 percent.

Innovation now spans all layers of the LIDAR technolo-
gy stack: ranging principles, beam steering architectures,
photonic integration, advanced detectors, packaging,
calibration and increasingly Al-driven perception and
fusion. This broadening of technical domains demon-
strates a transition from early research toward large-scale
IP consolidation, with companies striving to secure stra-
tegic positions in high-growth segments such as FMCW,
integrated photonics and solid-state architectures.

The expansion also reflects a rapidly diversifying eco-
system comprising LiDAR pure players, Tier-1 suppliers,
automotive OEMs, autonomous-driving developers,
semiconductor companies and research institutes. Their
collective activity highlights the growing maturity of Li-

LIDAR for Automotive - IP Leadership Evolution
of Patent Assignees 2021 vs. 2025

r S J R S———

2021 IP Leadership Position | |
© 2025 IP Leadership Position | !

Number of Granted Patents

Number of Pending Patent Applications

® Aeva Hesai Seyond

® Alphabet - Waymo ® Huawei - Yinwang Sick
Aurora Hyundai ® Valeo

® Bosch ® Ouster Sense Photonics ® VanJee Technology
Denso RoboSense ® Zvision

General Motors

The more a company combines a high number of granted
patents with a high number of pending patent applications, the
greater its IP leadership in a field. The bubble size represents
the number of patent families selected for the study. Source:
LIDAR for Automotive - Patent Landscape, KnowMade
December 2025.

DAR technologies and a stronger alignment between IP
strategies and long-term technological roadmaps.
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COLLABORATIONS

Anritsu announced the launch of an advanced acous-
tic evaluation solution for next-generation automotive
emergency call systems (NG eCall), developed in col-
laboration with HEAD acoustics, an acoustic measure-
ment and analysis company. The new solution, which is
compliant with ITU-T Recommendation P.1140, enables
precise assessment of voice communication quality be-
tween vehicle occupants and public safety answering
points, supporting faster and more effective emergency
response. With NG eCall over 4G (LTE) and 5G (NR) now
mandatory in Europe as of January 1, 2026, ensuring
high-quality, low-latency voice communication during
vehicle emergencies has become essential. After a col-
lision, calls are conducted hands-free inside the vehicle
cabin, where high noise levels, echoes and other acous-
tic challenges can significantly degrade speech clarity.

Keysight Technologies, Inc. announced the signing of
a five-year Master Research Collaboration Agreement
(MRCA) with Singapore’s leading quantum research in-
stitutions: the Agency for Science, Technology and Re-
search (A*STAR), the National University of Singapore
(NUS) through the Centre for Quantum Technologies
(CQT) and Nanyang Technological University, Singa-
pore (NTU Singapore), to advance capabilities in quan-
tum computing. This collaboration covers the design,
measurement and control of qubits. Quantum comput-
ing holds immense promise for transformative applica-
tions. However, realizing this potential requires overcom-
ing significant challenges in scalability, connectivity and
architectural flexibility. This new partnership addresses
hurdles in the design and control of quantum processor
chips through targeted collaborative initiatives.

ST Engineering iDirect, a satellite communications
company, announced that it is collaborating with Cap-
gemini, an Al-powered global business and technology
transformation company, to develop a 5G non-terrestri-
al network (NTN) satellite base station. Based on cloud-
native fundamentals, the solution will enable seamless
integration between satellite and terrestrial networks,
accelerating the adoption of standards-based, soft-
ware-defined 5G NTN technology. The core of this col-
laboration is the development of a satellite-optimized
radio access technology within ST Engineering iDirect’s
cloud-native Intuition ground system. Built using Cap-
gemini's gNodeB software stack, the NTN satellite base
station has been uniquely optimized to address the nu-
ances of satellite connectivity.

HENSOLDT is equipping air defence systems from Rhe-
inmetall subsidiary Rheinmetall Air Defence AG with
radars from its SPEXER 2000 product family. The compa-
nies have now signed a long-term framework agreement

For More
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that will remain valid until the 2030s. The agreement cov-
ers the flexible provision and delivery of large quantities
of radars for ground-based air defence applications, in
particular for drone defence solutions, and the Skyranger
30 air defence system from Rheinmetall Air Defence.
The contract thus has a potential volume in the high
three-digit range. With the framework agreement now
in place, both companies have laid the foundation for
predictable, efficient and reliable cooperation.

ACHIEVEMENTS

Leonardo DRS Inc. announced the successful first on-
orbit test of its revolutionary multi-channel software-de-
fined radio (SDR) with integrated advanced cryptogra-
phy. This milestone marks a significant advance in vali-
dating a technology poised to establish a new standard
for secure U.S. military satellite data transport at the
tactical edge. The eXtended Crypto Module3-Space
(XCM3-Space) adapts the company’s next-generation
crypto and multi-channel SDR capabilities to the space
domain, addressing emerging cyber and electronic war-
fare threats to military satellite data transport. Leonardo
DRS developed this capability to enable high perfor-
mance secure satcom across multiple frequencies and
networks simultaneously.

Eviden, the Atos Group product brand of advanced
computing, cybersecurity products, mission-critical sys-
tems and Vision Al, announced that it has been select-
ed by the NATO Support and Procurement Agency
(NSPA) to modernize the ground-to-air-to-ground com-
munication systems of the Spanish Air and Space Force.
The €12 million contract includes the supply, installation
and maintenance of next-generation communication
systems that will enhance operations at air traffic con-
trol towers across various air bases, Air Force airfields
and Air Surveillance Squadron bases of the Spanish Air
and Space Force.

MatrixSpace is the winner in the U.S. Army’s xTech-
Counter Strike competition, part of Operation Flytrap
4.5. MatrixSpace was the only active sensing provider
selected among 15 finalists, highlighting the company’s
capabilities in rapidly deployable airspace awareness.
Operation Flytrap is the U.S. Army’s key initiative to
accelerate innovative, scalable C-UAS technologies
through live soldier experimentation, rapid acquisition
pathways and transition to operational units. Matrix-
Space showcased its Expeditionary Al Radar and 360
Al Radar, powered by AiEdge software, demonstrating
fast setup, seamless integration into the Army’s FAAD-
C2 via the NATO-standard SAPIENT protocol and real-
time situational awareness at the tactical edge.

NTT DOCOMO INC. announced that they have suc-
cessfully conducted the world's first outdoor demonstra-
tion using real-time transceiver systems with Al-powered
wireless technology for 6G mobile communications. The

demonstration was carried out in collaboration with NTT,
Inc., Nokia Bell Labs and SK Telecom Co., Ltd.

For up-to-date news briefs, visit mwjournal.com
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Aroundthe Circuit
CONTRACTS

Verus® Research has been awarded a four-year, $6 mil-
lion effort to support the Naval Surface Warfare Center
Dahlgren Division (NSWCDD) via the Naval Surface
Technology & Innovation Consortium (NSTIC). Under
this award, Verus Research will implement its concept
referred to as Adaptive Radio Frequency Chamber and
Hardware in the loop for Integrated Missile Subsystem
Evaluation and Assessments (ARCHIMES).

Applied Physical Electronics, L.C. (APEL) has been
awarded a $1.73 million Small Business Innovation Re-
search (SBIR) Phase Il contract by the U.S. Air Force
to develop a transportable array structure to support
high-power RF and high-altitude electromagnetic pulse
(HEMP) sources. This two-year project focuses on solv-
ing a key structural challenge within EMP array develop-
ment. As multiple organizations race to advance EMP
technologies, APELC's award aims to fill a significant
interest — designing a reconfigurable, transportable
array frame capable of supporting large, heavy pulsed
power systems in a variety of field environments.

PEOPLE

g 7 Naprotek announced the appoint-
ment of Tim Filteau as its new CEO.
This strategic leadership transition un-
derscores the company’s commitment
to blending proven expertise with

bold innovation to shape the future of

rlaﬂ
technology. Filteau brings a distin-

! guished track record of executive

A Tim Filteau '€adership, guiding organizations
through periods of growth, transfor-
mation and market expansion. His career spans de-
cades of experience in technology, operations and stra-
tegic development, making him uniquely positioned to
lead Naprotek into its next chapter. As CEO, Filteau will
focus on expanding Naprotek’s innovation pipeline,
strengthening customer partnerships and driving sus-
tainable growth across global markets.

Delft Circuits, a company focused on high-density /O
solutions for quantum computers, announced the ap-
pointment of Martin Danoesastro as CEO and an €8
million extension of the company’s previous financing
round, bringing the total capital raised
to €15 million. The appointment
comes during a period of strong mo-
mentum for Delft Circuits, marked by
new partnerships, expanded produc-
tion capacity and advancements in
A 4 product research and development.
Recent milestones include the publica-
tion of a next-generation product
roadmap and a partnership with Blue-
fors to offer cutting-edge quantum 1/O solutions inte-
grating Delft Circuits’ Cri/oFlex® technology into Blue-
fors’ dilution refrigerators.

A Martin
Danoesastro
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Glass as a Versatile
Platform for Advanced
Packaging and RF

Systems

Bilal Hachemi
Yole Group, Villeurbanne, France

dvanced packaging has become

the scaling vector for computing

power, and it is increasingly the

scaling vector for RF systems, too.
The same forces that reshaped compute,
such as chiplets, 2.5D/3D stacking, denser
redistribution layers and new production
formats, are now reshaping RF front ends as
they expand in band count, antenna count
and integration level. Packaging is no longer
just an enclosure: at mmWave and sub-THz
bands, it becomes part of the electromag-
netic design, the thermal architecture and
the cost structure.

That shift is widening the materials pal-
ette. One of the most consequential ad-
ditions is glass, as shown in Figure 1. His-
torically linked to displays and optics, glass
is now emerging in advanced packaging
through multiple entry points, and that
multi-entry nature is precisely what makes
it strategically interesting. Glass is arriving
at different “levels” of packaging: carrier,
interposer, substrate and even board-lev-
el, each solving different bottlenecks and
each reinforcing the others through shared
equipment, process know-how and supply
chain investments.

In parallel, RF system requirements are
converging with the compute packaging

roadmap. RF wants low losses, stable ge-
ometry, dense vertical interconnects for
shielding and waveguide structures and
compact antenna-feeding networks. Com-
pute wants dimensional stability for ultra-
fine routing and large body sizes, as well as
scalable manufacturing formats. Glass sits
at that intersection.

Glass fits both “compute scaling” and
“frequency scaling.” At the material level,
glass offers a mix that is unusual in one
substrate family: a wide dielectric constant
range (3.7 to 21), CTE tunability (3 to 12
ppm/K) and very smooth surfaces (<10 nm
roughness), with zero moisture absorption
listed in comparative packaging tables.
These features become increasingly valu-
able as frequencies rise and line widths
shrink. Glass also aligns with the manufac-
turing direction of travel: it can be produced
and processed in large-panel formats, posi-
tioning it between expensive silicon inter-
posers and cost-sensitive organic laminates
for mmWave applications.

For RF specifically, the physics drivers
get harsher above ~100 GHz, where the
conductor roughness penalties grow, dis-
continuities matter more and parasitics that
were tolerable at 6 to 28 GHz become dom-
inant error terms. Glass-based approaches
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A Fig. 1 Glass emergence in advanced packaging. Source: Glass Materials for Packaging 2025 report, Yole Group.

are being actively discussed for W-
Band, D-Band and even G-Band
packaging. This is why packaging
choices increasingly translate into
system cost and performance, not
just manufacturability.

For the system architecture, the
direction is clear: tighter co-loca-
tion of antennas, RFICs/MMICs,
mixed-signal and compute. The
“antenna-to-Al” concept popular-
ized for 6G is essentially a pack-
aging roadmap that compactly
integrates MMICs, passives and
compute to collapse latency, loss
and form factor across the RF-to-
data path. Glass becomes relevant
because it can serve as both an RF-
friendly substrate and a scalable in-
tegration medium.

MULTI-ENTRY ADOPTION OF
GLASS IN PACKAGING

The multiple entry points allow
glass to be treated not as a single
product, but as a platform with four
entry points and practical roles, in-
cluding glass carriers, glass inter-
posers, glass-core substrates and
glass at the board level, as shown
in Figure 2. Each role has its own
adoption curve, RF relevance and
bottlenecks.

Glass is already widely used,
often “quietly,” as a carrier in ad-
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A Fig. 2 Glass emerging in different packaging levels. Source: Glass Materials in
Semiconductor Manufacturing 2025 report, Yole Group.

vanced packaging flows, particular-
ly when thin wafers or fragile stacks
require stiffness and planarity. This
includes fan-out processes, thin-
die handling and some 3D stacking
steps. The carrier role is one reason
why glass's ecosystem is maturing
faster than usual for a new material;
CapEx investments can be justified
even before glass becomes the
permanent substrate.

Glass Interposers

A glass interposer is the closest
conceptual analog to a silicon in-
terposer. A thin dielectric plate with
dense through-glass vias (TGVs)
and fine redistribution layers (RDL),
used as an intermediate routing
and interconnect layer between

dies/chiplets and the package sub-
strate.

Why does this matter in compute
packaging? Computing is push-
ing 2.5D/3D into a regime where
interposer size and routing den-
sity can dominate cost and yield.
Silicon interposers deliver superb
density and alignment, but cost
and wafer-size constraints become
painful as body sizes grow. Organic
and molded interposers offer cost
advantages, but face limitations
in geometry control, moisture be-
havior and ultra-fine scaling. Glass
interposers occupy the “middle
ground.” They aim for the preci-
sion of silicon-like routing without
silicon RF's leakage behavior and
with an eventual path to panel-
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scale throughput. Glass keeps re-
surfacing due to the equipment
ecosystem and its adaptability to
panel formats adapted from the
flat panel display industry.

RF receives a second benefit.
Glass interposers are not just dense
routing planes, they can be engi-
neered as electromagnetic struc-
tures, including as via fences and
ground cages for isolation between
RF channels and between RF/digi-
tal regions, substrate integrated
waveguides (SIW) and waveguide-
like cavities (especially attractive at
D-Band+), antenna feed networks
with tighter phase and amplitude
control and embedded passive in-
tegration (filters, couplers, transi-
tions) that reduces board-level loss
and assembly complexity.

The telecommunications indus-
try can commercialize it faster “in
RF" because the value proposition
(loss, integration and size) is so im-
mediate for mmWave front ends
and backhaul modules. In practice,
RF modules increasingly need low
loss routing to arrays, tight toler-

Glass Interposer Bringing Potential Disruptions

New Expansion for
2.5D Before Full 3D

Gl Adds Possibilities
and Potential for
Adopting Chiplets
with Very Wide Pack-
ages and Higher
Interconnect Density
Without Jumping to
Full Expensive 3D-Si.

Bringing RF
“In-Package”
Integrated mmWave
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Waveguides) and
Antennas-In-Package
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A Fig. 3 Glass interposers bringing potential disruptions. Source: Glass Materials in
Semiconductor Manufacturing 2025 report, Yole Group.

ances to maintain beam patterns
and compact transitions that do not
destroy match and efficiency. Glass
interposers directly target these
requirements, as demonstrated in
Figure 3.

GLASS-CORE SUBSTRATES

A glass-core substrate places
glass in the role traditionally played
by an organic core, the structural
backbone of the IC substrate. Built-
up dielectric layers and copper
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routing are then formed on one or both sides, often
symmetrically, to manage warpage.

Data center servers and Al accelerators are reach-
ing the limitations of organic IC substrates in terms of
larger body sizes, higher layer counts and finer rout-
ing. These demands amplify the problems of warpage
and dimensional drift. Glass, with a wide CTE spec-
trum and high stiffness, is positioned as a way to im-
prove dimensional stability, reduce warpage and en-
able higher routing density. Intel's September 2023
announcement on developing glass-core substrates is
a notable inflection point in the substrate-level glass
industry. That announcement matters not only be-
cause of the technology, but because it signals ecosys-
tem-changing dynamics: raw glass suppliers, chemical
suppliers, laser equipment suppliers, new glass-based
business models, inspection and assembly qualifica-
tion. Since the announcement, the number of compa-
nies involved has exploded from research and devel-
opment projects to the formation of consortia and the
building up of pilot lines.

For RF, a glass-core substrate is not always about
the last micron of line/space. It is often about geom-
etry stability for arrays, in which phase consistency
and calibration across temperature, lower dielectric
loss foundations for mmWave feed networks and fil-
ters, better isolation structures enabled by vertical vias
and stable build-up alignment and also the integra-
tion of RF and digital in a single substrate when radios
incorporate significant local compute (beamforming,

MCI

MIMO, Al-assisted calibration).

Interposers can improve performance quickly, but
substrates are where volume economics live. Glass-
core substrate (GCS) adoption is therefore less about
“can it be built?” and more about “can it be built at
the yield, cost and reliability required for high volume
platforms?”

THE REAL SCALING PRIMITIVE: TGV KNOW-HOW

If glass interposers or GCS are the architecture, TGV
is the primitive. In Si interposers, TSV technology is
mature. In glass, the process window is different (drill-
ing and etching, metallization adhesion, void-free fill
and substrate edge warp and reliability error crack
management). The industry target is clear: shrink via
diameters, improve placement accuracy and scale
throughput.

RF packaging uses glass in several additional ways
that can become mainstream even if glass interposers
or GCS take longer to scale.

Antenna-in-Package Arrays and Feed Networks

As arrays grow (more elements, tighter spacing),
the feed network becomes a dominant source of loss
and phase error. Glass offers a stable, low loss rout-
ing plane with the potential for fine pitch and tight
tolerances, useful for beamforming modules (phased
arrays for 5G/6G access, backhaul and radar) and also
compact front ends where antenna, filters and transi-
tions are co-located.

Microwave Components, Inc.
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Integrated mmWave Passives

At D-Band and beyond, integrated waveguide struc-
tures become attractive. Glass supports dense vias and
can be combined with cavities, including air features in
some approaches, enabling compact low loss passive
functions. The SIW, filters and waveguides are part of
the “RF in-package” value proposition, shrinking dis-
crete front ends into packaging-level integration.

Embedded Die and Cavity-Based RF Modules
Embedding RF die inside glass cavities shortens
vertical RF paths and reduces transition discontinui-
ties, often the hidden limiter at mmWave/sub-THz. This
mirrors compute packaging’s move toward embedding
and stacking (high bandwidth memory, logic-on-logic),
but with different design goals: impedance continuity,
isolation and minimizing radiation and leakage.

Board-Level and System-Level Explorations

A small but important set of efforts explores glass-
like materials or glass cores at larger scales (low loss
backplanes, stable high speed routing or hybrid elec-
trical/optical interfaces). Even when these are at an
early stage, they reinforce the same ecosystem: drill-
ing, metallization, inspection and panel handling.

GLASS: WHAT NEXT?

Glass is no longer just a low loss dielectric. It is in-
creasingly being engineered as a multi-role packaging
platform: as a carrier enabling thin-wafer and panel

JF

>
f

processes, as a glass interposer enabling dense verti-
cal interconnect and fine RDL for 2.5D/3D chiplets and
mmWave passives and as glass-core substrates aiming
to deliver the dimensional stability and routing den-
sity needed for the next generation of large, high-end
packages. The multi-entry view helps explain why mo-
mentum is accelerating: each role can mature in paral-
lel, reinforcing ecosystem investment and pulling glass
from specialty use into scalable production pathways.
For RF, the timing is particularly compelling. As front
ends move from sub-6 GHz into mmWave and onward to
sub-THz, advanced packaging becomes an RF compo-
nent, and the substrate must deliver low dielectric loss,
smooth conductors/interfaces and tight dimensional sta-
bility for fine routing and scalable interconnect density.
Glass's property envelope, dielectric constant range, tun-
able CTE and ultra-smooth surfaces map directly onto
these requirements, and its panel compatibility aligns
with the industry’s push to new manufacturing formats.
The remaining question is not whether glass works,
but how fast the ecosystem can convert process ma-
turity, especially around TGV formation/fill, panel han-
dling, warpage control and RF/thermal co-design, into
repeatable, cost-competitive, high volume manufac-
turing. That ramp will likely occur unevenly: RF infra-
structure and specialty mmWave modules may adopt
first where performance value is immediate, while Al/
HPC and substrate-level adoption will accelerate as
supply chains and panel yields reach the scale de-
manded by mainstream compute platforms. B
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Transceivers Versus Discreets in
Satellite Applications

Bob Potter

Global Invacom Group, Canterbury, U.K.

he satellite ground segment market

is undergoing significant evolution,

driven primarily by the growth of

low Earth orbit constellations and
high-throughput satellites. As the number of
satellites in orbit and the demand for bet-
ter connectivity continue to increase, there
is huge potential, but also a range of chal-
lenges and complexities that come with this
evolution. The ground segment urgently
needs to reinvent itself to keep up with the
pace of change.

One area with room for innovation in
the ground segment sector is the argu-
ment between transceivers and low noise
block down-converters (LNB) and block up-
converters (BUCs), otherwise known as dis-
creets. For some, satellite transceivers are
completely replacing discreets. Other users
are more wary of ditching the discreets, fear-
ing loss of flexibility, performance or func-
tionality. This article discusses the key differ-
ences and similarities and highlights when
users would need one versus the other.

TALKING TO THE SATELLITE:
DISCREETS AND TRANSCEIVERS
Satellites operate at extremely high fre-
quencies. For example, Ka-Band operates
from 26 to 40 GHz, Ku-Band from 12 to 18
GHz and C-Band from 4 to 8

GHz. This is a stark compari-
son to most network connec-
tivity equipment, which oper-
ates from around 70 MHz to
2.4 GHz. The industry needs
a way to up-convert those
signals to higher frequencies
before transmission to the sat-
ellite. Additionally, ground sys-
tems must be able to convert
incoming signals to the low

A Fig. 1 XRJ transceiver from Global
Skyware, part of the Global Invacom

Group.
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frequency ranges after recep-
tion from the satellite for trans-

mission to the antenna receiver unit. This is
vital, as it allows the data to be processed
for display on end-user devices.

DISCREETS: SIGNAL CONVERSION

A discreet is the catch-all term for LNB
and BUC, integral parts of any satcom sys-
tem. BUCs convert low frequency signals
into high frequency signals that can then
be amplified and transmitted to satellites,
whereas LNBs are designed to receive sensi-
tive high frequency satellite signals from or-
biting satellites and convert them to lower
frequencies.

Satellite antennas require both elements
to ensure that signals can be converted at
both the transmit and receive ends. In this
setup, the antenna will have a feed element
connected to communicate with the BUC
and LNB. In most cases, the feed element
will consist of a feed horn, an orthomode
transducer (OMT) and a polarizer. These will
then be mounted on separate mechanical
structures, which must be linked together
using cabling and waveguides. As signals
pass through these elements, signal loss is
possible and must be minimized to avoid
connectivity issues. This means both the
LNB and the BUC must be close to the feed.

Transceivers: Transmit and Receive
Transceivers combine the transmit and re-
ceive functions of both LNBs and BUCs along
with the feed horn, polarizer and OMT, into
a compact single device. A transceiver, such
as the multi-orbit XRJ transceiver shown in
Figure 1, can be mounted directly on the
back of an antenna, with the feed on the oth-
er side directly connected to the transceiver.
This reduces the amount of waveguide runs
and requires only one mechanical struc-
ture, rather than three. This also makes for
a more straightforward assembly. However,
depending on the applications, they may
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A Fig. 2 Using a transceiver reduces the physical space
required and simplifies cabling and spares.

not be a perfect replacement for a
system of discreets.

DO TRANSCEIVERS MEAN LESS
POWER?

Several arguments have been
raised against switching to trans-
ceivers, including the risk of re-
duced power capability. BUCs, in
particular, deliver very high power,
making them ideal for applications
such as broadcasting and telecom-
munications. While this is true, there
is a perception that transceivers can
only be low power, making them
unsuitable for many applications.
This perception is driven by port-to-
port isolation within the transceiver.
If isolation is poor, the transmitter
noise floor desensitizes the receiver
and limits data throughput, thereby
reducing available power. However,
new innovations, better engineer-
ing tools and precision fabrication
have resulted in transceivers offer-

ing greater port-
to-port  isolation,
making them more
powerful than ever.
This makes them
comparable to dis-
creets and power-
ful enough for most
applications.  The
problem of poten-
tial interference
between compo-
nents within the
same box requires
transceiver manu-
facturers to both
engineer and conduct extensive
testing. This is not always to the
same level as discreets because the
component parts may be different
each time. Careful engineering and
extensive testing increase custom-
ers’ confidence that a transceiver is
designed and tested to ensure all
components work together seam-
lessly.

When referring to transceiver
power levels, it is often unclear
whether specifications are defining
saturated or linear power. Linear
power (P;,) refers to the ability of
an amplifier to increase the power
of a signal without distortion. After
that point, the signal will be distort-
ed and limit the types of waveforms
that can be transmitted to the sat-
ellite. Saturated power (Ps,,) is the
maximum power an amplifier can
deliver; however, at this level, the
signal may be distorted, and data

A Fig. 3 Example of a transceiver.

throughput can drop significantly.
Often, transceivers are measured
using P;, because it is a more re-
alistic representation of the actual
output achievable without signal
distortion. However, many vendors,
especially with discreets, will quote
the maximum P, which is around
twice the Py;,. This can make it un-
clear and more challenging to com-
pare actual performance.

The Benefits of Integration

One of the most significant dif-
ferences between the approaches is
that transceivers are integrated into
existing systems and replace mul-
tiple parts, including cabling, while
discreets have external cabling. This
has several effects on the signal.

Firstly, signals going through ad-
ditional RF elements connected to
the antenna experience more signal

TABLE 1

COMPARISON OF TRANSCEIVERS VERSUS DISCREETS

Feature XRJ Transceiver BUC + LNB + FEED
Design Integrated and compact Multiple units, from potentially multiple vendors
Greater weight and higher power BUCs require
waveguide and remote mouting from feed
Performance Improved G/T - lower loss in feed System losses (noise figure) must be considered for
Zero mismatched connections between each component
ide fl
WEHEERIERITETE Separate mounting for LNB and BUC
High power output 25 W = > 40 W P, " )
Optimised losses in Tx and Rx RF chain Additional waveguide loss
Installation Simple connections, no risk of dirt/water Multiple waveguide connections must be adequately
ingress into RF chain waterproofed
Configuration Single interface, Web Gui, CLI or OpenBMIP Multiple systems (LNB + BUC)
Maintenance Single unit for spares management Multiple units to be managed and held by
maintenance teams
Time to restore | Single unit to replace, simple ruggedized IF Swap out of either LNB or BUC will require separation
following fault and power connection of waveguide from feed plus IF and power
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losses, as touched on above. In the
case of a transceiver, the polarizer,
OMT and feed horn are integrated,
minimizing losses, whereas these
are separate components when us-
ing discreets. As the signal passes
from one stage to the next, losses
will be introduced at each interface.
Typically, this introduces a loss of
approximately 0.3 dB. This integra-
tion reduces this value. Reducing
losses and the number of elements

the signal passes through will im-
prove both the antenna gain-to-
noise temperature ratio (G/T) and
effective isotropic radiated power.
This ultimately results in better per-
formance.

In addition to simplifying the ca-
bling and spares, using a transceiver
dramatically reduces the physical
space required, as shown in Figure
2. This is particularly important for
comms-on-the-move or other appli-
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cations where space is a premium.
Of course, fewer parts and fewer
cables also make setup much easier
and more efficient. Again, for com-
ms-on-the-pause applications, es-
pecially in a defence setting, being
able to set up quickly is an absolute
must. In defence, it is not feasible
to connect multiple parts, especially
if they need to be connected in a
specific order, as they will often be
set up quickly and in challenging
conditions.

Involving fewer components also
brings the mean time between fail-
ure down. Additionally, in the inte-
grated system, polarity switching
is internal and automatic, making
it easy to switch to a different fre-
quency band or satellite with lower
risk of error.

Another benefit of an integrated
system is fewer exposed compo-
nents. It is well known that RF so-
lutions can be impacted by envi-
ronmental elements, such as rain,
snow, dust or ice. In some cases,
this can be immediately detrimen-
tal; in others, it can simply shorten
the equipment’s lifespan. Therefore,
it is valuable to prevent external ele-
ments from entering or affecting the
electronics.

Flexibility Versus Accountability

Despite the benefits of integrat-
ed systems, there are downsides to
consider. For example, if something
fails, the entire transceiver must be
replaced rather than a smaller com-
ponent. This is the biggest deter-
rent to the integrated approach;
however, it is rare in well-designed,
thoroughly tested transceivers.

Furthermore, with discreets, be-
cause the parts are separate, users
can choose to build the system to
their requirements, selecting dif-
ferent vendors for each part and
choosing those vendors based on
the performance and quality of each
individual component. This can pro-
vide greater flexibility in purchasing
choices; however, it also introduces
complexity and may pose interoper-
ability challenges.

The most common scenarios
where engineers choose discreets
over transceivers are when they re-
quire high power. These use cases
are limited, but there are key cases,
such as transmitting to multiple
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carriers, where the power is being
spread across multiple bandwidths,
requiring more total power to dis-
tribute over each carrier. In most
cases, satellite terminals operate
with a single modem and a single
carrier, but not always. For example,
command posts for networks pro-
viding connectivity between teams
and back to headquarters become
more of a hub than a satellite termi-
nal. This is most common in rapid-
deployment scenarios, such as dur-

‘
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The Partner of Choice for

ing a disaster. For instance, during
a forest fire, teams must be quickly
deployed around the affected ar-
eas. At the same time, they need
to be connected to each other and
any centralised operations to share
intelligence. Another such scenario
might involve a large forward-op-
erating base in the defence sec-
tor. There are a couple of ways to
handle this, including implementing
multiple antenna systems in place,
or using a bigger, powerful BUC and
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integrating multiple carriers.

Using a transceiver integrates
multiple complex functions of the
RF chain into one product, thereby
lowering procurement, testing and
assembly costs. The integrated sys-
tem will have been developed by
a single vendor. On the one hand,
that removes the flexibility to pick
and mix different elements from
different vendors. However, on the
other hand, that makes a single
vendor accountable, simplifying the
process of addressing any errors
that might arise.

Transceivers themselves are flex-
ible, allowing for simple and auto-
matic polarity switching as men-
tioned. This makes it easy to change
frequency band, satellite or orbit.

Fighting Gravity

Because discreets have more
parts connected to the antenna, they
are generally offset from the anten-
na's centre. This significantly affects
the system’s weight balance. Trans-
ceivers are typically mounted on
the opposite side to the feed, which
keeps them close to the centre and
makes the system axis symmetric, as
shown in Figure 3. The closer to the
centre you can position the RF ele-
ments, the less impact of the pull of
gravity. In systems where elements
are less central and are pulled down-
ward, there is often strain on the mo-
tors, which can lead to frequent re-
placement. Improving the balance of
the entire system is therefore likely to
make the individual elements more
robust and last longer.

Selecting the Right Product for the
Application

Ultimately, the choice between
transceivers or discreets will come
down to a few factors, as shown in
Table 1. As mentioned, the pow-
er level is a key factor. It may also
depend on the existing setup and
whether the user needs to replace
a single element. However, for new
systems, transceivers can deliver
enough power to be comparable
with discreets in most applications.
Transceivers can provide a neat and
integrated solution that is easier to
set up, is more resistant to the ele-
ments and has reduced signal loss-
es due to fewer cables and parts to
negotiate. B
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Al-Powered Digital Post-

Distortion: Enabling

Energy-Efficient 6G Uplink
Communications

Andreas Oeldemann
Rohde & Schwarz, Munich, Germany

Dani Korpi

Nokia Bell Labs, Espoo, Finland
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n cellular uplink scenarios, particularly

at cell edges where signal strength is

weakest, user equipment (UE) faces a

fundamental tradeoff: operate the pow-
er amplifier (PA) efficiently near saturation,
introducing severe nonlinear distortions, or
back off to linear regions at the cost of re-
duced power efficiency and shorter battery
life. This challenge intensifies as modulation
orders increase. While 5G New Radio (NR)
currently supports up to 256-QAM in the
uplink, 6G research is exploring 1024-QAM
and beyond to achieve the multi-gigabit
data rates envisioned for next-generation
applications.

Traditional digital predistortion (DPD) ad-
dresses PA nonlinearities at the transmitter,
requiring sophisticated signal processing,
feedback loops and PA characterization cir-
cuits that add complexity, cost and power
consumption to user devices. For resource-
constrained smartphones, loT sensors and
wearables, coping with this overhead be-
comes particularly challenging. Digital post-
distortion (DPoD) fundamentally reverses
this paradigm. Rather than the transmitter
compensating for its own distortions, the
receiver, which is typically a base station
with more computational resources, per-
forms the compensation. This architectural
shift enables the UE to operate with simpler,
power-efficient transmitters while maintain-

ing link performance. This also enables the
UE to resort to higher transmit powers when
necessary.

The emergence of Al-powered DPoD
techniques represents a step change be-
yond classical signal processing approach-
es. While traditional DPoD methods rely on
predetermined mathematical models such
as polynomial functions, Al-powered imple-
mentations leverage neural networks and
machine learning (ML) to optimize compen-
sation strategies directly from observed sig-
nals. The adaptability of Al-enhanced receiv-
ers becomes advantageous as 6G systems
encounter increasingly complex scenarios,
including the frequency range 3 (FR3) band,
massive MIMO with many antenna elements
and dynamic channel conditions that defy
classical modeling approaches.

The Nonlinearity Challenge in Modern
Uplinks

PAs exhibit nonlinear behavior character-
ized by amplitude-dependent gain com-
pression (AM-AM conversion) and phase
distortion (AM-PM conversion). When driven
near saturation to maximize efficiency, these
nonlinearities become severe, introducing
in-band distortion that degrades error vec-
tor magnitude (EVM) and out-of-band spec-
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tral regrowth that violates emission
masks.

For orthogonal frequency divi-
sion multiplexing (OFDM) signals,
high peak-to-average power ratio
(PAPR) exacerbates this problem,
as occasional high-amplitude peaks
drive the PA into compression. DFT-
spread OFDM (DFT-s-OFDM) was
adopted in 5G uplink for its lower
PAPR characteristics, which partially
mitigates this. However, as modu-
lation order increases to 256-QAM
and beyond, even DFT-s-OFDM
signals develop sufficient PAPR to
cause distortion when amplifiers
operate at high efficiency.

Why Receiver-Side Compensation?

DPoD relocates nonlinear com-
pensation from the transmitter to
the receiver, delivering several key
advantages:

e Energy Efficiency at the UE:
Removing DPD circuitry from
the transmitter eliminates power-
hungry feedback loops, observa-
tion receivers and real-time ad-
aptation algorithms. These result
in lower power consumption and
reduced complexity, which ex-
tend battery life and ease ther-
mal management requirements.

e Centralized Computational Re-
sources: Base stations can le-
verage high performance CPUs,
GPUs or dedicated Al accelera-
tors to run sophisticated com-
pensation algorithms without the
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experiments
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size and power constraints faced
by battery-powered UE.

* Adaptive Learning: Al-powered
receivers can continuously learn
from diverse user transmissions,
covering varying PA characteris-
tics, channel conditions and other
impairments, to develop adap-
tive compensation strategies that
can outperform traditional fixed-
parameter approaches.

¢ Relaxed Transmitter Specifica-
tions: If receivers can reliably
compensate for transmitter dis-
tortion, transmitter EVM require-
ments can be relaxed, enabling
simpler, more energy-efficient PA
designs that can operate closer
to saturation for improved power
efficiency and lower cost. On the
downside, this can lead to out-of-
band emissions due to spectral
regrowth, therefore potentially
reducing spectral efficiency.

¢ Introducing Additional Flexibil-
ity: Effective impairment com-
pensation at the receiver side will
facilitate more flexible UE opera-
tion and transmission signal qual-
ity. The UE can transmit uplink
signals under different operating
points, depending on its capa-
bilities and the requirements of
the network. In some cases, the
UE can transmit very clean sig-
nals, and no receiver-side com-
pensation is necessary. In some
other cases, higher overall per-
formance is achieved if the UE

is allowed to transmit a distorted
signal, which is corrected by the
receiver.

TECHNICAL IMPLEMENTATION
OF AI-POWERED DPOD

Al-powered DPoD solutions em-
ploy deep neural networks trained
on representative data to learn how
to compensate for both transmitter
impairments and channel impair-
ments. Various architectures have
been explored, including Nokia Bell
Labs’ HybridDeepRx, a convolution-
al neural network (CNN)-based re-
ceiver tailored to address nonlinear
impairments.’

This receiver builds on alternat-
ing between frequency and time-
domain processing, extracting the
benefits of both. That is, the model
performs channel compensation
and symbol-to-bit demapping with
the frequency-domain layers, while
the time-domain layers facilitate
effective mitigation of amplifier-in-
duced distortion.

Figure 1 illustrates the model
architecture, with emphasis on the
physical layer processing chain.
The OFDM-modulated waveform
is transmitted using a nonlinear PA.
This results in compression of the
transmitted signal, introducing dis-
tortion. Upon reaching the receiver,
the signal will also have experienced
multipath fading from the wireless
channel.

In the receiver, the signal is first
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OFDM demodulated through CP
removal and fast Fourier transform
(FFT), and a raw channel estimate
based on the known pilot symbols
is calculated. Then, the frequency-
domain received signal and the raw
channel estimate are concatenated
and fed to the HybridDeepRx Al
receiver. The model has its first
ResNet section in the frequency do-
main, which it uses to compensate
for the linear channel effects. After
this, an inverse FFT (IFFT) is used to
transform the ensuing latent signals
to the time domain, where the mod-
el uses another set of ResNet blocks
to compensate for the nonlinear dis-
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tortion. Finally, an-
other FFT is used
to transform the la-
tent signal back to
the frequency do-
main, where a third
set of ResNets is
used to extract the
log-likelihood ratio
(LLR) estimates.
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receiver A Fig. 2 HIL testbed to test Nokia Bell Labs’ HybridDeepRx.

operating points. The Al receiver
model is trained as a whole, mean-
ing that the only criterion is the ac-
curacy of the output LLRs. There-
fore, it is not possible to say conclu-
sively what is done at which point of
the receiver, although some rough
deductions are of course possible
(as done above).

While synthetic data can be used
for training such a model, hard-
ware-in-the-loop (HIL) testbeds are
essential for validating Al model
performance. Nokia uses Rohde &
Schwarz's HIL testbed to validate
the HybridDeepRx Al receiver.

EVALUATING AI-POWERED 5G
RECEIVERS WITH HIL TESTING

To evaluate Nokia Bell Labs’ Hy-
bridDeepRx under real-world condi-
tions to test whether the Al-based
receiver compensates for channel
impairments and nonlinear PA dis-
tortion in 5G uplink signals, an HIL
testbed was used. Figure 2 shows
the testbed, which leverages Rohde
& Schwarz test and measurement
solutions for signal generation,
channel emulation, signal analysis
and Al model inference.

An uplink scenario in which a mo-
bile transmitter induces nonlinear
distortion is evaluated by operating
its PA near saturation. The Hybrid-
DeepRx Al receiver replaces the
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HIL Al Receiver testbed based on R&S SMW200A VSG, FSWX and VSE signal

and spectrum analysis solutions.

conventional OFDM receiver chain
at the base station. Figure 3 pro-
vides an overview of the testbed.

Testbed Components and
Configuration

Signal Generation: An R&S
SMW200A vector signal genera-
tor (VSG) produces the standard-
compliant 5G uplink signal. Chan-
nel emulation capabilities introduce
realistic fading and noise. Crucially,
a PA model is applied to the gener-
ated waveform before the wireless
channel to emulate the nonlinear
distortion introduced by the PA at
different operating points.

e 5G Waveform Generation: The
VSG forms the transmit side of
the testbed. It generates a 5G
NR uplink signal, configurable
to emulate typical mobile device
transmissions.

e PA Emulation: A key feature of
the testbed is the ability to model
the nonlinear behavior of a PA
during signal generation. Instead
of a physical PA, a mathematical
model representing it is applied
to the waveform that is transmit-
ted by the R&S SMW200A. This
allows controlled introduction of
PA impairments without requiring
an actual PA unit. The PA back-off
setting, controlling the distance
from saturation, is a crucial pa-
rameter for varying the level of
distortion. This PA modeling ap-
proach allows researchers to rap-
idly iterate through different PA
characteristics without requiring
physical hardware changes, ac-
celerating the development cycle.

e Channel Emulation: The R&S
SMW200A incorporates chan-
nel emulation capabilities. This
emulates the effects of the wire-
less propagation channel on the
transmitted signal, adding real-
istic impairments. Configurable
channel profiles can represent
different deployment scenarios
(urban, rural, etc.). The channel
emulator can also be fed with
wireless channel data generated
in site-specific RF digital twins,
for example, leveraging raytrac-
ing technology.

¢ Signal Output: The impaired 5G
signal is output from the VSG and
fed directly to the receive side of
the testbed.

Signal Analysis and Al Infer-
ence: An FSWX signal and spec-
trum analyzer, paired with Vector
Signal Explorer (VSE) software, both
from Rohde & Schwarz, captures the
impaired 5G uplink signal. The R&S
VSE has been extended to load and
execute custom Al receiver models,
enabling inference of user-defined
Al models directly within the mea-
surement application.
¢ Signal Capture: The FSWX sig-

nal and spectrum analyzer cap-
tures the received, impaired 5G
signal. Its wide bandwidth and
high dynamic range ensure accu-
rate signal acquisition.

* VSE Software: R&S VSE is the
central control and measurement
application. It performs several
critical functions:
¢ Demodulation and Baseband

Processing: R&S VSE performs
the initial demodulation of the
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5G signal, bringing it down to
baseband.

e Al Model Loading and Execu-
tion: This is where the Hybrid-
DeepRx Al model is integrated.
R&S VSE is specifically extend-
ed to support loading user-de-
fined Al models provided in the
open neural network exchange
(ONNX) format.

e Neural Network Inference En-
gine: R&S VSE utilizes a GPU-
accelerated inference engine
to execute the HybridDeepRx
model on the captured signal
data. This includes calculations
within the CNN and residual
network architectures in both
time and frequency domains.

e Configuration Flexibility: Users
can configure specific sections
of the receiver chain to utilize
either the Al model (Hybrid-
DeepRx) or the conventional
3GPP algorithms for channel

estimation, equalization and
demapping.
e KP|l Measurement: R&S VSE

calculates key performance in-
dicators (KPIs) such as block er-
ror rate, throughput and bit er-
ror rate. These metrics quantify
the receiver’s performance.

Al Model Integration and Hy-

bridDeepRx Processing: The Hy-
bridDeepRx model is loaded into
VSE via an ONNX interface. The
VSE utilizes GPU acceleration for
neural network inference. It per-

forms

joint channel estimation,

equalization and demapping. The
configuration can switch between
the neural-network-based demap-
per and a conventional 3GPP-com-
pliant implementation.

Time/Frequency Domain Trans-
lation: The model leverages FFTs
and IFFTs to switch between fre-
quency and time-domain pro-
cessing, facilitating more accu-
rate distortion mitigation.

Joint Estimation, Equalization
and Demapping: Unlike tradi-
tional receivers, HybridDeepRx
performs these functions jointly
within the neural network, improv-
ing overall detection accuracy.

Multi-Port Phase-Coherent
Measurements

DPoD validation in MIMO  sys-

tems requires observing signals

across

multiple antennas  with

precise phase relationships. The
FSWX's multi-port architecture, the
first signal and spectrum analyzer
with this capability, provides up to
two 4 GHz bandwidth paths with

phase-coherent

measurements.

This enables several critical capabili-
ties for DPoD research:

Simultaneous PA Characteriza-
tion: The FSWX measures am-
plifier input and output concur-
rently, capturing both frequency-
domain spectral regrowth and
time-domain constellation distor-
tion in a single acquisition (see
Figure 4).

Phased Array Validation: Users
can verify beamforming perfor-
mance across multiple antenna
elements with maintained phase
coherence.

True MIMO Analysis: The FSWX
observes spatial signal character-
istics essential for understanding
how nonlinear distortion propa-
gates through MIMO channels.
The FSWX also offers cross-corre-

lation capability, which represents a
breakthrough in measurement sen-
sitivity. By internally splitting a signal
into independent paths and corre-
lating the results, the analyzer ef-
fectively cancels its own noise floor,
improving dynamic range by up to
15 dB in spectral measurements
and up to 6 dB for in-band measure-
ments. As Figure 5 illustrates, this
proves particularly valuable when
measuring signals near or below the
analyzer's native noise floor, such as
characterizing receiver sensitivity or
evaluating DPoD performance at
cell edge conditions where signal-
to-noise is marginal. For EVM mea-
surements of high-order modulation

(256-QAM,

1024-QAM), this ex-

tended dynamic range is essential
for distinguishing true signal impair-
ments from measurement system
noise.

Wide Bandwidth Analysis for
Beyond 5G Research

Looking toward 6G, the FSWX is

also positioned for FR3 (7 to 24 GHz)
research thanks to its internal analy-
sis bandwidth up to 8 GHz. While
current 5G NR specifies bandwidths
up to 400 MHz in FR2, 6G research
explores multi-gigahertz continuous
signals to understand wideband
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channel effects and
develop appropri-
ate channel mod-

els. With its ad-
vanced filter banks
(replacing  tradi-

tional YIG prese-
lectors) and broad-
band  analog-to-
digital converters,
the FSWX enables
clean, wideband
captures  without

Screenshot from FSWX showing dual-channel

artifacts, which are measurement of amplifier input and output.

expected to prove
helpful for evaluat-
ing  Al-enhanced
receivers operating
across these ex-
treme bandwidths.

Al Inference in
Measurement Flow
Integrating
neural network in-
ference into mea-
surement systems
requires computa-
tional infrastructure the noise floor.
that traditional test
equipment typically lacks. The VSE
software can run on a standard PC
and supports loading ONNX mod-
els and running GPU-accelerated
inference, effectively bridging the
gap between ML frameworks (e.g.,
PyTorch, TensorFlow) and RF mea-
surement systems. This capability
allows researchers to iterate rapidly,
train models on captured or simulat-
ed data, deploy to hardware for val-
idation, collect new measurements
and refine training — closing the
development loop without requir-
ing custom hardware or extensive
system integration.

Al-powered DPoD fundamen-
tally redefines the receiver's role
in wireless systems, shifting it from
passive signal recovery to active
compensation for transmitter im-
pairments. By leveraging base sta-
tion computational resources and
ML capabilities, DPoD can enable
UE to use simpler, more energy-
efficient transmitters while com-
pensating for impairments at the
receiver.

As the industry moves towards
6G, Al-driven DPoD is more than

Cross-correlation capability revealing signals below

an incremental improvement. It
typifies a broader shift to intelligent,
adaptive network infrastructure that
learns and optimizes rather than re-
lying solely on predetermined algo-
rithms. Equally important is the test
and measurement ecosystem that
enables this transition; advanced
multi-port analyzers with Al infer-
ence capabilities will be vital to both
research and practical deployment.

Advancing this vision requires
sustained collaboration among al-
gorithm developers, semiconductor
vendors, network-equipment manu-
facturers, standards bodies and test
and measurement providers. Suc-
cess will be measured not merely
by laboratory demonstrations but
by real-world deployments in which
billions of heterogeneous devices
enabled by intelligent transmitters
and Al-powered receivers deliver
unprecedented gains in spectral
and energy efficiency. B

Reference

1. J. Pihlajasalo et al., “Deep Learning
OFDM Receivers for Improved Power
Efficiency and Coverage,” IEEE Transac-
tions on Wireless Communications, Vol.
22, No. 8, Aug. 2023, pp. 5518-5535.
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Wideband High Gain Antenna
Design Based on Multilayer
Artificial Magnetic Conductor

Huanhuan Qi, Genyuan Du, Xiangqun Zhang and Yajing Yuan
Xuchang University, Xi‘an, China
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wideband multilayer artificial mag-

netic conductor (AMC) structure

comprises five periodic patch lay-

ers printed on different dielectric
substrates with varying dielectric constants.
The AMC structure is used as a ground plane
for a printed wideband antenna to improve
its gain. Over a 4.5 to 7.5 GHz 10 dB imped-
ance bandwidth, its average gain exceeds 8
dBi with a maximum gain of 12 dBi.

In recent years, wideband antenna design
has been a research focus with the rapid de-
velopment of modern wireless communica-
tions.! Many designs have been proposed,
such as a quasi-Yagi antenna that can have
a 75 percent impedance bandwidth? and an
L-probe feed patch antenna that can achieve
an impedance bandwidth of 36 percent.3
The gains of these antennas, however, are
not very high, which limits their application.

To address this, much attention has been
focused on metamaterials for metasurfac-
es, 4> lenses,® frequency selective surfaces
(FSSs)” and AMCs.8-12 For the AMC struc-
ture, a plane wave is reflected in-phase
(between -90 and +90 degrees) rather than
out-of-phase, as occurs on the surface of a
perfect electrical conductor (PEC). Since the
reflected phase of an AMC does not cause
destructive interference between direct and
reflected waves, many researchers have ad-
opted it to improve antenna gain and direc-
tivity.

Scarborough et al.8 employed an E-plane

coupled closely-packed microstrip patch ar-
ray loaded with a group of mushroom-like
electromagnetic band gap (EBG) structures
to effectively decrease lateral and backward
radiation patterns by 13.19 dB and 7.76
dB, respectively. Mushroom-like structures
can be considered as AMCs to replace the
ground plane of an antenna to improve an-
tenna gain and directivity.'3-1> However, for
the mushroom-like structure, which provides
shorted left-handed stub inductors through
metallic via holes, large currents concentrat-
ed around the vias generate considerable
loss, which degrades gain and radiation effi-
ciency.1® Fabrication of the structure is com-
plex as well, increasing the antenna cost.

To decrease electromagnetic loss and
simplify fabrication, the use of periodic
patch-like mushroom structures has been
attempted, named by some as patch-type
AMC structures,'é¢-1? which have the same
characteristics of in-phase reflection as
mushroom-like structures and are insensi-
tive to the electromagnetic wave incident
angle.20 However, because the AMC surface
operates as a resonant mechanism, an an-
tenna loaded with a monolayer AMC surface
often exhibits a narrow bandwidth, which
limits its practical application.

In this work, alternative and improved
strategies are explored to address wide-
band gain enhancement. First, a new design
methodology for constructing a multilayer
AMC structure is introduced to broaden the
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in-phase reflection bandwidth. By
using different dielectric constants
and optimized patch sizes, the in-
phase reflection bandwidth is signif-
icantly increased. Next, a wideband
planar antenna with an impedance
pandwidth from 3.8 to 7.5 GHz is
designed. Finally, the multilayer
AMC structure is employed as the
antenna’s ground plane to enhance
gain.

Prototype antenna measure-
ments confirm the multilayer AMC's
performance. Due to the wideband
in-phase reflection characteristics
of the AMC, the antenna’s average
gain is significantly improved to
greater than 9 dBi from 4.5 to 7.5
GHz, peaking at 12 dBi.

MULTILAYER AMC STRUCTURE

The in-phase reflection band-
width of the AMC surface is a design
focus issue, important for its appli-
cation. To expand the bandwidth,
the phase property is investigated.
Although numerical experimental
data through parametric analysis
has been provided,? the theoretical
basis is not adequate. Theoretical
analysis of the reflection phase is
given in detail here.

Assuming the incident wave pen-
etrates on AMC surface, the phase
delay &4 through the AMC structure
is determined by calculating the ra-
tio of the reflected (b,,) and incident
(a,) fields and is calculated with
Equations 1 through 5:

50 WATTS
6 GHZ  /

.

N ,a .‘u‘#

76

d=Z 2—2 =
ekt (1 +T;):2pze'2jkt) ()
1=y 2)
02 = 205 @)
o = 20 (4)
T2 = n%‘)n (5)

Where, 74, T, and p;, p, are the
intrinsic transmission and reflection
coefficients, respectively; ng and m
are the intrinsic wave impedances
of the air and dielectric regions, re-
spectively; 7 is the thickness of the
substrate; ¢, is its dielectric constant
and k and A, are the wave number
and wavelength in the dielectric,
respectively. By simplification, the
phase delay in the AMC structure
can be calculated with Equations 6
and 7:

da = tan™ (%tan(kt)) (6)

k =

pe 7

The patch-type AMC structure
at resonance is equivalent to an LC

parallel resonant circuit. The struc-
ture resonates within the frequency
range where high impedance and
in-phase reflection are met. The sur-
face impedance of the patch struc-
ture is formulated in Equation 8:
joL

1-w’LC

Where C and L are the equivalent
capacitance and inductance given
by Equations 9 and 10, respectively,
determined by the patch width a,
gap g, the thickness t and the per-
mittivity of the substrate.?

The phase characteristic is mainly
determined by the dielectric con-
stant ¢, and the thickness 7. The size
of the patch also has some effect.
To broaden the bandwidth of the
in-phase reflection, the thickness of
the substrate can be changed. How-
ever, if the substrate is too thick to
be found in nature, it cannot be ap-
plied. Dielectric loss should be con-
sidered at microwave and higher
frequencies as well.

Another way of changing the di-
electric constant is considered. In
this work, a multilayer AMC struc-
ture is proposed. On one hand, a
different dielectric constant for each
layer is used to change the effective
dielectric constant and broaden the
bandwidth of in-phase reflection.
On the other hand, the overall thick-
ness is also changed with the multi-
layer structure. Furthermore, as air is
filled between the layers, dielectric

Zs = (8)
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(a)

<« Fig. 1 Multilayer AMC structure: top
view of layer | to layer IV (a), top view

of layer V (b), side view of the multilayer
AMC structure (c) and reflection phase
characteristics of monolayer and
multilayer structures (d).

loss is greatly reduced.

The multilayer AMC  structure
consists of five layers (see Figure
1). The patches on the top two lay-
ers (Layers | and Il) are constructed
on FR-4 (e, = 4.4) with thickness 7,
= 1 mm, and the other patches (on
Layers I, IV and V) are printed on
Rogers (g, = 3.5) with thickness 11 =
0.8 mm. The array of 7 x 7 square
metallic unit cell patches for Layers
[, I, Il and IV all have the same di-
mensions.

An array of 5 x 5 metal unit cell
patches for Layer V is designed with
the patch width changed from aj to

tency, the thickness of the mono-
layer substrate T =13.6 mm, which

is the same as the height of the mul-
tilayer AMC. The patch width and
the gap between adjacent patches
in the monolayer substrate are the
same as those of the top four layers
of the multilayer AMC structure.
Figure 1d shows the reflection
phase of the monolayer and mul-
tilayer AMC structures. Compared
with the monolayer AMC structure,
the lower frequency of the in-phase
reflection band is extended from
5.5 to 3.5 GHz. Miniaturization of
the AMC structure is thus achieved
by reducing the lower cut-off fre-
quency. Moreover, the phase varia-
tion with frequency is slower, which
corresponds to a broader AMC
bandwidth. The in-phase reflection
band of the multilayer structure is
from 3.5 to 7.3 GHz, while that of
the monolayer structure is from 5.5
to 8.3 GHz. This is greater than a

L /:::zz :, a;, and the gap changed from g, to 30 percent increase in bandwidth,
' ¥ Layer llI gs. To expand the in-phase band-  which is attributed to the multilayer
Layer IV width, the parameters ag, a;, ggand  structure providing more freedom
(© < LayerV g, are optimized to obtain an equiv-  for design optimization.
20 alent C and L that makes the phase
Monolayer AMIC and impedance vary slowly with fre- ~ WIDEBAND HIGH GAIN
- S,SGHZ!MuItiIayerAMC | < quency. Through numerical simula- ~ ANTENNA DESIGN
g 120 \L\ tion, the parameters are optimized Application of the AMC structure
o 0) T . S - toag=4.8mm,a; =15mm,gy=4  to the design of a wideband high
& oo mm and g; = 2 mm. The space be-  gain antenna is presented here.
§_60 N et tween each layer of the multilayer  First, the design of a wideband
& 120 i E— X _____ i structure is 2 mm. planar “reference antenna” is dis-
- 7.3 GHz For comparison, the reflection cussed. The multilayer AMC struc-
5 % 7 s o phase of a monolayer AMC struc-  ture is then added as the ground
” Frequency (GHz2) ture is analyzed as well. For consis- plane. Full-wave simulations and

measurements of the antenna are
carried out to verify its performance.
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Reference Antenna line provides current to the radia-
The reference antenna layout is  tors. Further simulation shows the a0
shown in Figure 2. The height of  input impedance also depends on
the ground is denoted as Ig. The  the radius r (see Figure 4). By opti- 120
parameter |g represents the length ~ mizing the values of Ig and r, making o
of the microstrip feedline as well,  Re(Z,)closeto 50 QandIm (Z,) near X 80
which plays a key role in impedance 0 Q, [Sq4| < 10 dB can be achieved S 60
matching to the 50 Q SMA input  over a wide frequency range from 40
connector (see Figure 3). 3.8 to 7.5 GHz (see Figure 5). Mea- 20
The curved portion of the feed-  surements of a prototype antenna o
ke built on an FR4 substrate (e, = 4.4) 2 4 6 8 10 12 14 16
agree well with the simulation. Op- @) Frequency (GHz)
timized antenna parameters are list-
ed in Table 1. 100 —
80 "“ r=45mm
60|+ . |r=55mm [
o 175 s alt A
= Lg=13mm} € 407 A i
150 N 20)— Ay i
125 Lg =7 mm \ £ o I.“'.:“«_ “':" “:‘7}:'_)‘.}-1_\“_/{,";:::‘;
< 100 I \ /\I\ -20 —!‘:" A :‘ ':" 2ad ‘II-l
A N AA D ATA | E : i
Il Il Il Il Il Il
“ 5 \\ l/\\ /\Il\\/ 06 8 10 12 14 16
25 \\/ w \\ (b) Frequency (GHz)
(a) k4 0 L L L L L L
2 4 6F 8 10GH12 1416 A Fig. 4 Input impedance as a function
(a) ey (Sakd) of r: real (a) and imaginary (b).
140
1004 Lg=13mm
a 60 / /\ Lg=7mm N
E 20 /A / %
E o \ =
R X 3
-60 Measured
~100 1 1 1\/ 1 1 1 = Siriﬁ:;ieon
2 4 6 8 10 12 14 16 50 1 1 x .
(b) Frequency (GHz) 3 4 S 6 7 8
(b) ! Frequency (GHz)

A Fig. 2 Reference antenna schematic:
top view (a) and bottom view (b).

pongnts tq 50 GH=z

A Fig. 3 Input impedance as a function
of lg: real (a) and imaginary (b).

A Fig.5 Measured and simulated
reference antenna |Sq,].
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TABLE 1
REFERENCE ANTENNA Antenna
DIMENSIONS (MM) h === ey
O T " Layer Il
o [ o [k [k [0 | ] 7 e
10 S 15 3 4 S === layerlv
ke | 5 Ig -~ () <—Layer V
6 25 | 55 9 1 0
_5‘7 N
AMC-Backed Antenna P AN ———
Although the reference antenna = 15— —~
has a wide impedance bandwidth, = 20— A
the reduced area of the ground 5 =
.. . . -30 hy =12 mm| |
causes bidirectional radiation, result- e ]
ing in low directivity in the forward ) h2 = 6 mm
radiation. The multilayer AMC struc- M I

ture acts as a reflector to improve ra-
diation performance (see Figure 6a).
The distance between the reference
antenna and the top layer of the mul-
tilayer AMC structure is denoted as
h,. Antenna impedance bandwidth
is primarily affected by h, (see Figure
6b). A value of h, = 9 mm is chosen
so that the in-phase reflection band
corresponds with the operating band
to the greatest extent. This is the fre-
quency range from 4.5 to 7.5 GHz.

To assess the influence of the
multilayer AMC structure on an-
tenna radiation performance more
intuitively, gain is simulated with
three different reflectors, including a
PEC, monolayer AMC and multilay-
er AMC for comparison (see Figure
7a). For the reference antenna, the
gain in the forward direction is only
about 3 dBi. With the PEC, gain is
significantly improved.

With the monolayer AMC structure,
the simulated gain is improved by ap-
proximately 1 to 2 dB compared to
the PEC reflector. This is attributed to
the in-phase reflection characteristics
of the AMC structure. In addition, an
array-like effect caused by the cells of
the AMC structure, which can be con-
sidered as sub-radiators, also helps to
improve antenna system gain.

45
3.5 4.0 45 5.0 55 6.0 65 7.0 7.5 8.0
(b) Frequency (GHz)

A Fig. 6 Lateral view of the antenna
and multilayer AMC structure (a) and
simulated |Sq4] as a function of h, (b).

. ~\
; N

Gain (dB)

AO N B O

Simulated with Multilayer AMC
| | Simulated with Monolayer AMC
Simulated with PEC

1 1
5 50 55 60 65 70 75
Frequency (GHz)

(a)

Relative
Magnitude (dB)

-15 1 -90

Antenna with Monolayer AMC
Antenna with PEC

(b)

A Fig. 7 Simulated and measured
antenna gain (a) and simulated E-plane
radiation patterns at 6 GHz (b) with
different reflectors.

With the multi-
layer AMC  struc-
ture, gain is further
increased. The in-
cremental improve-
ment is up to 3 dB
with a maximum
gain of 12 dBi. This
is mainly attributed
to a flatter in-phase

reflection charac-
teristic. Additional-

A Fig. 8 Photograph of the multilayer AMC antenna (a), the
antenna mounted in an anechoic chamber for test (b).
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A Fig. 9 Simulated and measured [S4].

ly, for the monolayer AMC structure,
the thickness of the substrate is 13.6
mm, while for the multilayer AMC
structure, the thicknesses of the five
plates are T mm, 1 mm, 0.8 mm, 0.8
mm and 0.8 mm, respectively. This
results in lower substrate loss and
higher gain. Gain of the multilayer
AMC antenna is measured as well
(see Figure 7a), demonstrating close
agreement with the simulation.
Simulated E-plane radiation pat-
terns of the antenna with different
reflectors at 6 GHz (see Figure 7b)
show that higher directivity with a
narrower beamwidth is achieved
with the multilayer AMC structure.

MEASUREMENTS

Performance of the prototype
multilayer AMC-backed antenna
(see Figure 8), i i , gain

and radiation patterns, is measured
in a far-field anechoic chamber. Gain
is shown in Figure 7a, [Sq4| is shown
in Figure 9 and measured radiation
patterns are shown in Figure 10.
Measurements agree closely with
the simulations.

_alepte,) <a+g>
C= T cos’ g (9)
L = put (10)
CONCLUSION

A wideband and high gain anten-
na employs a five-layer AMC struc-
ture. The AMC acting as a ground
plane is constructed by printing peri-
odic patches on substrates with differ-
ent dielectric constants to effectively
broaden the frequency range of in-
phase reflection. Attributing to this
in-phase reflection characteristic, an-
tenna gain from 4.5 to 7.5 GHz is sig-
nificantly improved, achieving a maxi-

I‘M’N/ INSULATED WIRE
INCORPORATED

Insulated Wire's |2

Interconnect options include C, SC, LC, HN, 7/16, 1 5/8” & 3 1/8"EIA
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dielectric provides industry. lau,[IJL g
attenuation perrormancewhnichtransiates
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energy and communications systems.
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Relative
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A Fig. 10 Measured radiation patterns
at 5 (a) and 6 (b) GHz.

mum gain of 12 dBi. This wideband
high gain antenna has potential com-
munication systems applications.
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COUPLERS

Model # Frequency Coupling Coupling Mainline Loss Directivit){ Input Power
(MHz) (dB) [Nom] Flatness (dB) (dB) [Typ./Max.] (dB) [Typ./Min.] (Watts) [Avg.]

SDCHP-125 10 - 250 18.5 0.5 01/0.4 24 /19 30
SDCHP-140 10 - 400 18.75 1 0.5/0.85 27/ 22 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 27.5
SDCHP-255 20 - 550 20 0.4 0.25/0.35 23/20 27.5 ")
SDCHP-335 30 - 350 201 0.85 0.24/0.32 24 /20 75 @A@
SDCHP-484 40 - 840 19.2 0.9 0.3/0.4 24 /20 30
SCCHP-560 50 - 560 14.6 0.7 0.48/0.65 23/20 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 24718 48.3
SBCHP-2082 200 - 820 11.0 0.5 0.74 /0.9 22/19 22.5
KDS-30-30-3 27 - 512 275 0.75 0.3/04 23/15 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 06/0.7 25/18 50
KDK-20-225 225 - 400 20 0.5 0.2/04 25/18 50
KDS-20-225 225-400 20 0.5 0.2/04 25/18 50
KEK-706H 500 - 2500 31.5 25 0.28/0.4 18712 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 28/25 500
KEK-704H 850 - 960 305 0.25 0.08/0.20 38/30 500
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 14/5 25
SCS100800-20 1000 - 7800 20.5 2 0.4/0.75 12/5 25
SCS-1522B 1500 - 2200 10 -- 0.65/0.75 23/18 100
SCS-1522D 1500 - 2200 20 -- 0.32/0.38 23/20 100
SCS1701650-16 1500 - 15500 17 25 1/1.4 16/5 25
SCS1701650-20 1700 - 15000 21 2.5 0.9/1.3 10/7 25
SDC360440-10 3600 - 4400 8.6 0.25 07/1.4 18/10 10
SDC360440-20 3600 - 4400 19 0.25 0.7/1.2 16 /10 10
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MICROWAVE CORPORATION

Phone: (973) 881-8800 | Fax: (973) 881-8361
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Mail: 201 McLean Boulevard, Paterson, NJ 07504
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Enabling NASA's Venus
Radar with Ultra-Low Phase

Noise OCXOs

Wenzel Associates, Inc.
Austin, Texas

hen the European Space Agency’s (ESA)
EnVision spacecraft, as shown in Fig-
ure 1, launches for Venus, one of its key
instruments, NASAs Venus Synthetic
Aperture Radar (VenSAR), will rely on
a 10 MHz oven-controlled crystal oscillator (OCXO) from
Wenzel Associates as a critical frequency reference. VenSAR is
scheduled to launch in November of 2031, and its mission is
to generate coherent radar data for high-resolution imaging,

topography and surface property analysis. The accuracy of

A Fig. 1 Artist's rendering of the EnVision spacecraft.

those data products
begins with fre-
quency precision.
Synthetic  ap-
erture radar sys-
tems depend on
phase-coherent
signal generation
over long time
intervals. Any fre-
quency instabil-

i ¢ phase noise A Fig. 2 Artist's rendering of the 10
Ty or phase noise . 3exo.

from the oscillator
translates directly into image phase errors, degrades resolu-
tion and reduces radiometric accuracy. For a deep-space
mission like EnVision, the oscillator must provide excep-
tional stability, ultra-low noise and consistent performance
under environmental stress.

DESIGN FOR FREQUENCY INTEGRITY

The VenSAR OCXO, as demonstrated in Figure 2, uses
a quartz crystal resonator from Croven Crystals, optimized
for minimal acceleration sensitivity and low aging. Featur-
ing a stress-compensated cut (SC-cut) quartz crystal and a
specialized mounting structure inside a hermetically sealed

MWJOURNAL.COM M FEBRUARY 2026
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Phase Noise £(f) in dBc/Hz
60 : [ TTTITIE [ TTT1T
-70 : : ; : Noise Marker (Hz) dBc/Hz HH
' : : : 0.1 Hz -69.3
-80 3 3 3 : 1Hz -105.9 11
: : ' H 10 Hz -140.0
-90 i i 100 Hz ~164.2 [T]
: : 1 kHz -164.2
~100 : ; : : 10 kHz -164.0 [T]
~110 IN H H ; H 100 kHz -164.6 |1
N ; ; ; ; 1 MHz -161.5
N : : : : e i
-120 N T ; ; R 1 A A A
-130 : : : : PM Spur Offset (Hz) dBc |1
T " ' '
N\ : : : 23 -125.1
140 ‘ 3 s a ‘ i
~150 Rl f | 1
-160 ‘ ~ ~ ; ‘ -
-170 j ; : i
-180 ||: | : : | | :
1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz
Trace Notes |Input Freq.|dBc/Hz at 0.01 Hz|Duration | Elapsed | Acquired Instrument
VenSAR 10 MHz TEST XTAL SN 10.0 MHz 10m Os | 10m Os | 60000 pts |Microchip 53100A
TS5514 20250514
VenSAR 10 MHz TEST XTAL SN 10.0 MHz 20m Os [20m Os [120000 pts|Microchip 53100A
TS5541 20250521

A Fig. 3 Phase noise plot of the 10 MHz OCXO showing -164 dBc/Hz at 10 kHz

offset.

housing, the quartz crystal resonator
is designed to minimize the effects of
external vibration on frequency sta-
bility. The addition of a proportion-
ally controlled oven circuit ensures the
quartz crystal resonator and circuitry
are maintained at a stable tempera-
ture, minimizing the effects of envi-
ronmental temperature changes on
frequency stability. Both the quartz
crystal resonator’s low g-sensitivity de-
sign and thermal regulation are essen-
tial for achieving optimal fractional
frequency stability over the mission’s
demanding performance specifica-
tions.

Output signal phase noise is a key
performance parameter for radar co-
herence. Figure 3 shows that the os-
cillator achieves phase noise levels of
-105 dBc/Hz at 1 Hz offset and -164
dBc/Hz at 10 kHz, enabling high dy-
namic range and fine Doppler resolu-
tion. Achieving these noise levels re-
quires careful management of flicker
noise in sustaining amplifier circuits
and control of microphonic effects
within the oven cavity. The design in-
corporates low noise discrete transis-
tor amplifiers, has a high-Q resonator
circuit and is designed to be robust
during mechanical shock.

Electrical design also focuses on
filtering and isolating power supply
noise and output signal buffering.

90

Each stage is optimized to reduce
additive phase noise and ensure load
insensitivity. Proportional heater con-
trollers provide thermal stability. All
active components are chosen based
on NASA EEE-INST-002 and JPL
Parts Engineering Technical Stan-
dards. They are selected based on
resistance to total ionizing dose and
single-event effects, ensuring predict-
able behavior through the mission’s
radiation exposure profile.

SPACE QUALIFICATION AND
ENVIRONMENTAL TESTING
Qualification testing for the Ven-
SAR OCXO follows a rigorous pro-
cess derived from NASA standards
for spaceflight hardware. Thermal
vacuum testing verifies oven regula-
tion across the full operating tempera-
ture range under vacuum conditions.
Thermal cycling and temperature
shock testing ensure startup reliabil-
ity and long-term drift characteristics.
Vibration and shock tests simulate
launch stresses with random vibration
profiles. Figure 4 shows the device set
up for environmental testing.
Extended aging tests characterize
frequency drift and validate long-term
predictability, while burn-in and step-
stress testing screen for early-life fail-
ures. Final performance verification
includes phase noise measurement

A Fig. 4 Preparing the device for
pyroshock testing.

using cross-correlation analyzers, Al-
lan deviation analysis and frequency-
temperature coefficient testing. Each
oscillator’s test data is captured and
documented to provide full pedigree
traceability for the mission.

CONCLUSION
The OCXO design builds on Wen-

zel Associates’ decades-long space
flight heritage across multiple NASA
programs, including Mars Curios-
ity and Perseverance, Europa Clipper
and NISAR. Experience from these
missions directly informed the design
of the VenSAR oscillator. The result
is a highly stable, low-drift frequency
source with demonstrated reliability in
long-duration missions. The VenSAR
OCXO represents the intersection of
precision crystal engineering, thermal
control and environmental resilience.
Each design decision, from crystal cut
and mounting to oven temperature
control and component selection, was
made to ensure high frequency stabil-
ity performance under the mechani-
cal, thermal and radiation stresses of
interplanetary flight.

By combining ultra-low phase
noise performance with space qualifi-
cation, Wenzel’s oscillator will enable
NASA and ESA engineers to push
radar imaging performance further
than before. Once EnVision begins
its journey to Venus, the oscillator’s
precision 10 MHz signal will serve as
the timing foundation for a mission
designed to reveal a new view of our

neighboring planet.

Y)VENDORVIEW

Wenzel Associates, Inc.
Austin, Texas

www.quanticwenzel.com
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High Linearity V-Band
Amplifiers Increase Satcom
Data Rates

mmTron, Inc.
Redwood City, Calif.

ignificant advances in technology during the past
30 years have enabled humanity to achieve the
goal of connecting anyone, anytime, anywhere
on the planet. It began with the commercializa-
tion of mobile phones and the evolution from
analog voice to digital data. In parallel, the development of
much lower-cost and consequently more frequent rocket
launches enabled constellations of satellites to cover the
globe. In low Earth orbit (LEO) and very low Earth or-
bit (VLEO), the lower radiation levels and shorter mission
lifetimes reduce the need for traditional, space-qualified
components, enabling the use of commercial semiconduc-
tors and significantly lowering satellite payload costs.

Successtul commercialization of these LEO systems is
evident from the services offered by Starlink, orbiting ap-
proximately 9000 satellites, and Eutelsat OneWeb, with
660 satellites. Amazon is developing Amazon Leo, a con-
stellation numbering more than 3000, and Starlink plans
another 7500 satellites in VLEO. These systems provide
broadband data services using user terminals developed
for each constellation. A new generation of constellations
promises a direct connection between the satellite and mo-
bile phones. AST SpaceMobile’s phased array satellite is
designed to receive signals directly from phones and relay
them through a ground gateway back through the mobile
operator to the cloud.

To provide the high data rates users expect, satellite systems
require wide bandwidth gateway channels. To support the
ever-increasing demand for data, which is accelerating with

Al satellite systems are moving gateway links from Ku- and
Ka-Band to higher mmWave bands, such as V- and E-Band.

92

Responding to this shift, mmTron has introduced high
linearity power and low noise amplifiers (LNAs) for the
V-Band satellite downlink. Covering 37 to 44 GHz, the
amplifiers maximize linearity for high data rates and high
efficiency to minimize satellite power consumption. They
are fabricated on a space-qualified GaN process, which
combines the power and efficiency advantages of GaN
with the reliability pedigree for satellites.

TMC315 POWER AMPLIFIER

Covering 37 to 44 GHz, mmTron’s TMC315 power
amplifier (PA) provides 39 dBm output power at 1 dB
compression and 40 dBm saturated. To enable closed-loop
control of the output power, the PA has an integrated,
temperature-compensated power detector.

IMD3 vs. Total Output Power

(dBc)
5 b
\

55 /4

s 2/ 37 GHz (dB) | |
os| 2 43 otte (dB)
_70 /I/I 1 1 1 1 1 1 1 1 1
10 12 14 16 18 20 22 24 26 28 30 32 34 36
Total Poyt (dBm)

A Fig. 1 TMC315 measured IMD3 versus total output power
at 37, 40 and 43 GHz.
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5G NR n260
12
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g8 /
2. i
0 —L\-K‘I’ﬁ' —— !
0O 5 10 15 20 25 30 35 40
Pout (dBm)

A Fig. 2 TMC315 EVM performance
with a 5G NR signal in the n260 band.

Demonstrating the linearity of the
TMC315, the third-order intermod-
ulation (IMD3) is better than -33
dBc at 31 dBm output (see Figure 1),
and the third-order output intercept
point (OIP3) is 44 dBm. Driven with
a multi-carrier 5G NR modulated sig-
nal in the n260 band (37 to 40 GHz),
the error vector magnitude (EVM)
measures below 2 percent up to 32
dBm output (see Figure 2).

In addition to high linearity, the
PA achieves a power-added efficiency
(PAE) of approximately 25 percent,
as shown in Figure 3. High PAE is
important to minimize satellite power
consumption and simplify the ther-
mal design of the payload.

With three amplifier stages, the
TMC315 provides greater than 20
dB small signal gain and better than
10 dB return loss across the operating
frequency range (see Figure 4).

The PA maintains output power,
linearity and efficiency performance
across a wide range of drain bias, from
18 to 28 V, offering flexibility to sys-
tem designers.

TMC316 DRIVER/LNA
The TMC316 amplifier is the sec-

ond amplifier mmTron is introduc-
ing. With frequency coverage from 32
to 44 GHz, it can be the driver am-
plifier for the TMC315 or used as a
standalone LNA.

The TMC316 provides 27 dBm
output power at 1 dB compression
and 28 dBm saturated, with 32 dBm
OIP3. The small signal gain is 17 dB
(see Figure 5), and the noise figure is
5.5 dB.

Like the TMC315, the TMC316
maintains good output power, linear-
ity and efficiency across a wide range
of drain bias, from 18 to 28 V.
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Fast, Accurate, Traceable

Power Sensors from LadyBug Tech

l.a.dy- -Bug
LB5926A

True-RMS

LAN

I MMz to 26.5 GHz
USE 2.0 Compliant

SN210307
MAC address
8C:1F:64:9A:

20:07

PoE Connectivity Compliant
to 802.3af or 802.3at Type 1

« Maximize flexibility with LAN: PoE, VISA & HiSLIP
« Internal Web Power Meter with Interactive 10 utility

« Compatible with leading programming environments
+ Products from 4kHz to 67GHz & Tier 1 Traceability
+ Optional Low Temperature Mounting to -55C

Manufactured in
Boise, ID, USA

Lady#Bug.

%

C2563 $130 TNC
18 Ghz VSWR 1.25

C7054 $165 3.5
33 Ghz VSWR 1.25 |

€5540 $135 N
18 Ghz VSWR 1.25 |

C7035 $220 2.92
40 Ghz VSWR 1.25

Fast Delivery!
Low VSWR!
Huge Inventory!

C3435 $60 SMA
27 Ghz VSWR 1.15
—

C7552 $297 2.4

50 Ghz VSWR 1.40
e

C€3239 $45 SMA
18 Ghz VSWR 1.25

C3407 $60 SMA
7 Ghz VSWR 1.15 |

C3557 $150 N-SMA
18 Ghz VSWR 1.20

C7051 $220 2.92
40 Ghz VSWR 1.25

@enfrlCRF www.CentricRF.com 1-800-399-6891
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Herotek

VA

200 WATT
HIGH POWER
~ T LIMITERS

- Frequency range down to 10MHz

- Low Insertion Loss and VSWR

- 200 Watt CW and 1000 Watt Peak

- (1 Microsec pulse width) power
handling capability

- Built-in DC block @ input and output

- Hermetically sealed module

MAX*

FREQ. .| max:

MODEL RANGE | INSERTION [ MAX® | oy
Loss VSWR

(MHz) o cw

LS00102P200A | 10-200 03 151 200

LS00105P200A 10-500 08 221 200

1 - Insertion loss and VSWR tested @-10dBm

2 - Power rating de-rated to 20% @+125°C

3 - Leakage slightly higher at frequencies
below 100 MHz

Other Products:

- Detectors
- Amplifiers
- Switches
- Comb Generators
- Impulse Generators
- Multipliers
- Integrated
Subassemblies

please call for additional information

i

—
VISAZ

Tel: {408) 941-8399
Fax: {408) 941-8388
Email: Info@herotek.com

Welbsite: www.herotek.com
Visa/Mastercard Accepted
155 Baytech Drive, San Jose, CA%5134
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BARE DlE, PAE vs. Output Power
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A Fig. 4 TMC315 small signal gain and return loss versus

the amplifier’s SiC frequency.
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distributed amplifi-
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ers covering DC to
180 GHz, front-end
modules,  mixers,
multipliers, multi-
function ICs and interfaces for high
speed data converters.

mmTron’s recognized expertise is
highly linear and efficient mmWave
PAs for satcom, fixed wireless access
and other high data rate mmWave
communications systems. mmTron’s

frequency.

A Fig.5 TMC316 small signal gain and return loss versus

wide bandwidth products are also
used in aerospace and defense and in-
strumentation.
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\ X GovMilSpace

MARCH 23-26 | WASHINGTON, DC

WHERE SPACE SYSTEMS
GET PRESSURE-TESTED

TECH SEMINAR: 16 PEER-EVALUATED SESSIONS
FOR ENGINEERS & SYSTEM ARCHITECTS

Exhibit Hall access - Implementation-ready takeaways

You'll get breakthrough solutions you can put to work immediately:
e Software-defined space systems

® Resilient network architectures

* RF awareness & tactical edge systems o

® Optical communications & PNT

® Interoperable satcom standards
..and more.

FREE Exhibit Hall Pass +
20% Tech Seminar Discount

Scan to register or use code
MJ4SAT26 at www.satshow.com



TechBrief

EMECA com

POWER
DIVIDER/COMBINER
802-8-5.000

MADE INUSA

ECA Electronics’ new
802-5-5.000 broad-
band power divider

operates across 2.00 to
8.00 GHz frequencies, spanning the
needs of S- and C-Bands and Wi-Fi
6E through Wi-Fi 8. This two-way
power divider uses a Wilkinson con-
figuration with SMA connectors. The
802-S-5.000 delivers an amplitude
balance of 0.3 dB and phase bal-
ance of 4 degrees, performance pre-
viously challenging to find outside of
narrowband products.

Since MECA products are fully

Frequency Matters.

Q/V-Band Frequency
Converters for
Next-Generation Satcom
Systems

Transceivers Versus

Discreets in Satellite
Applications

96

Broadband Power
Divider Ready for Wi-Fi 6
Through Wi-Fi 8

designed and manufactured in the
U.S., the 802-5-5.000 answers the
call for aerospace and defense in-
dustry applications. It has a maxi-
mum insertion loss of 0.5 dB and a
typical isolation of 22 dB, and with
an operating temperature of -55°C
to +85°C, the product is eligible to
be screened and ruggedized for
harsh environments.

MECA designed the 802-S-5.000
with compact size, broadband ca-
pability and precision performance
to meet emerging telecommunica-
tions needs in 5G and 6G platforms.
The innovation allows operators to
streamline integration and produc-
tion costs, while a 36-month warran-
ty from the manufacturer provides

Sponsored By

& RFMW.

operational assurance.

MECA Electronics is an integral
partner to every part of the RF and
microwave industry, providing in-
novative solutions to even the most
complex problems since the com-
pany was founded in 1961. Always
made in America, MECA has de-
veloped a reputation as a trusted
resource for RF/microwave applica-
tions in defense, satellite and tele-
communications, helping engineers
and supply chain managers meet
operational objectives for more
than 65 years.

MECA Electronics, Inc.
Denville, N.J. (973) 625-0661
www.e-MECA.com

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

Glass as a Versatile Platform
for Advanced Packaging
and RF Systems

Al-Powered Digital
Post-Distortion: Enabling
Energy-Efficient 6G Uplink
Communications
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lectronically steered anten-
nas (ESAs), also known as
phased arrays, are rapidly
becoming the platform of
choice for satellite communications
(satcom) on Earth and in space.
ESAs are low-profile, versatile and
fast, allowing for LEO/MEO/GEO
deployments across fixed and mo-
bile satellite services. However, sys-
tem power and IC costs continue to
impede their wide-scale adoption;
conventional analog beamforming
solutions are power hungry and ex-
pensive.
Oso Semiconductor is introduc-
ing a reimagined microarchitecture
for the beamformer IC. Through

TechBrief

Ultra-Low Power,
High Performance
Beamformer ICs

its ultra-low loss beamforming IP,
Oso Semi adopts a sub-array level
amplification approach where only
one amplifier is needed for a four-
element subarray, after the coher-
ent signal is combined (for receive)
or before it is split (for transmit).
The reduction in per-channel am-
plifiers and lossy phase shifters re-
sults in a 4x reduction in power per
channel for the receive (under 12
mW), a 2x reduction in power per
channel for the transmit (under 80
mW) and a shrinking of silicon area
to nearly half, which directly reduces
the IC cost of the ESA. Oso Semi’s
designs also result in improved re-
ceiver (Rx) linearity by up to 10 dB
and improved transmit noise figure

Infinite Innovating
Beyond Waves

GaAs/GaN MMIC

I8 0 B L0 00 10 e

GaN

Si Beamforming
Chip
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RF FEM Chip

GaN Device

&
P 4

>
E O
<l

GaN RF MMICRSiP&
Device and PA Module

4D Rador Phased-Array Cold-Atom

by up to 6 dB, while maintaining Rx
noise figure within 20 percent of
state-of-the-art designs and deliver-
ing an OP1dB of 12 dBm. ESAs de-
signed using Oso Semi’s chips result
in a 40 to 50 percent reduction in
total system power for transmit and
receive, eliminating the need for
heavy heat sinks with active cooling
and unlocking low-power, portable
applications.

With products targeting Ku- and
Ka-Bands, Oso Semiconductor is
ready to help system designers
build the next generation of satcom
flat panel terminals.

Oso Semiconductor
Mountain View, Calif.
WWWwW.0ososemi.com

Infiwave

@ www.infiwave.com
. +86-400-998-9038
= sales@infiwave.com
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—®—— This video presents a practlcal and scalable solution for synchronizing a high number of ADCs and DACs,

an increasingly critical requirement in modern radar, communications, EW and instrumentation systems

Analog Devices
www.analog.com

Watch this brief video to learn about Anritsu’s user-friendly test solution

designed for RF measurements of NR NTN technology.
Anritsu
https:/ /resources.goanritsu.com/

Lexicon of Balun
and Transformer
Configurations

Choosing the right transformer for a given application
can be overwhelming. This article explains the func-
tions and key parameters for each of the 22 different
transformer and balun configurations in Mini-Circuits’
product portfolio.

Mini-Circuits

https:/ /blog.minicircuits.com

22 Transformer Topelogies
s )

RFIMW Presents the
Most Innovative
Products of 2025

RFMW shares the company’s Most Innovative RF,
Microwave, and Power Management Products of 2025.
This year has delivered remarkable breakthroughs that
are shaping the future of our industry, and we’re just
getting started.

RFMW

https:/ /rfmwblog.com /

| M RFMW
THE MosT

| 1Ny L
PRODUCTS OF 20 5
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Innovative Power
& RF Solutions for
Robotic Technology

This paper highlights how advanced RF connectivity
and power management technologies address critical
design challenges, including precise motion control,
robust communication and optimized energy efficiency
— accelerating robotic innovation.

Qorvo

WWW.qOrvo.com

-

In this video, Product Manager EMC Soft-
ware Reiner Goetz gives a general introduction to Rohde
& Schwarz’s new EMC software Ré&S ELEKTRA and
highlights some features that are relevant for automotive
standards.

Rohde & Schwarz

www.rohde-schwarz.com
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EUROPE'S PREMIER Lot o AR 2L

L\ RS\l 0 . EXCEL, LONDON
RADAR EVENT | EuiZiee Rt

EUROPEAN MICROWAVE WEEK 2026

THE EUROPEAN
MICROWAVE
EXHIBITION

O EXCEL LONDON, UK « 10,000 sgm of gross exhibition space
 Around 5,000 attendees

U=
6TH - 8TH OCTOBER 2026 » 1700-2,000 Conference delegates

* In excess of 300 international
exhibitors (including Asia and US as
well as Europe)

INTERESTED IN EXHIBITING?

Please contact one of our International Sales Team:

Richard Vaughan, Victoria and Norbert Hufmann,
International Sales Manager Germany, Austria & Switzerland

rvaughan@horizonhouse.co.uk victoria@hufmann.info
Gaston Traboulsi, France norbert@hufmann.info

gtraboulsi@horizonhouse.com Katsuhiro Ishii, Japan
Mike Hallman, USA amskatsu@dream.com

mhallman@horizonhouse.com Jaeho Chinn, Korea

interl1@jesmedia.com

CALL +44(0) 20 7596 8742 OR VISIT WWW.EUMW.EU



SPST Absorptive Switch
VENDORVIEW

PMI Model P1T-DC18-60-T-SFF-HSLVT is
a single pole, single throw, absorptive switch
that offers ultra-low video transient perfor-
mance while providing ultra-fast switching
speed of 6 ns; high isolation of 60 dB min. to
12 GHz, 70 dB min. to 18 GHz; and 4.5 dB
max. insertion loss. This switch module contains an integral TTL
driver and the DC supply voltage is only -5 VDC. Includes SMA
female connectors in a housing that measures 1.0 x 1.0 x 0.5 in.
PMI Planar Monolithics
www.quanticpmi.com

Quantic PMI

Compact, Broadband Blocking Capacitors
VENDORVIEW

Knowles’ Milli-Cap® broadband blocking
capacitors are designed to minimize parasitics
and deliver stable, low loss performance across
wide frequency ranges. Their ultra-high series
resonance and very low inductance make them
ideal for demanding RF applications like test
equipment, fiber-optic modules and broadband

K-PR 7l °| T

KOREA’s Power Amplifier Innovator

K-PA Inc. GaN MMIC HPA Series

KX 1 0
FEM

8-11.5 GHz
20W 46% PAE

8.5-10 GHz
Front End Module

8 -10.5 GHz
30W 46% PAE

- 14

N

High Efficiency
Compact Size
Low Price

—

" \\\\

5 )\\
\ </

&

kpa@k-pa.co.kr www.k-pa.co.kr

WAWIPRODUCTS

mmWave systems. With 0201, 0402 and 0602 footprints, they conserve
board space while behaving like ideal capacitors, ensuring signal integrity

and efficiency where every fraction of a dB matters.
RFMW
www.rfmw.com

CABLES & CONNECTORS
Miniature Coaxial Connector

Hirose launched a 1.0 mm coaxial connector
that complies with the IEEE Std. 287 and
supports frequencies up to 110 GHz. Featuring a
compression-mount center contact, the 1.0 mm
Series coaxial connector supports varying PCB
thicknesses from under 1 mm to several mm

— providing greater design flexibility. Eliminating the need for soldering,
the 1.0 mm Series also features a screw (threaded) mount to reduce
mounting complexity. The 1.0 mm Series is commonly used in test and
measurement systems, as well as high frequency sensing and communica-
tion applications.

Hirose
www.hirose.com

High Power Surface-Mount 90° Hybrid
\VENDORVIEW

2
&2 | 250W |

100W..

Milcable released the new two models of 2 to 6
GHz high-power surface-mount 90-degree
hybrid. With CW power handling capability
of 100 W and 250 W. It has low insertion
loss, excellent VSWR <1.3:1, extremely good
amplitude and phase unbalance, high isolation, excellent stability
and heat dissipation ability in a small package. It is suitable for
power amplifier, power combining network, antenna feed network,
modulator and phase shifter applications.

Micable Inc.
www.micable.cn

Microstrip Isolator

Protect your signal chain from reflected power
without sacrificing space or signal integrity. The
2W9 Series 29 to 31.5 GHz microstrip isolator
provides ultra-low insertion loss (<1 dB), 18 dB
isolation and 2 W forward power handling,
making it the ideal safeguard for sensitive RF
components in extreme satcom environments.
Compact, RoHS-compliant and surface-mount ready, this isolator is
built for high performance reliability with zero compromise. Get the
edge in your RF designs.

Renaissance Electronics AEM
www.aeminc.com/RF

Broadband 40-60 GHz Amplifier
\VENDORVIEW

Model SBP-4036033436-1919-EP offers 34
dB small-signal gain over the 40 to 60 GHz
frequency range and +36 dBm saturated
output power. The amplifier features WR-19
waveguide input/output with anti-cocking

UG-383/U-M flanges and operates from a

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE
FEATURING (JJVENDORVIEW STOREFRONTS
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+20 VDC/ 3.6 A supply.
Eravant
www.eravant.com

1300 W High Power Amplifier
\VENDORVIEW

When test setups
demand brute force
0 with surgical precision,
the AMP20130
g g " delivers. This rack-
mountable solid-state
amplifier provides over
1300 W CW across 80
to 1000 MHz, with 61 dB gain and excellent
P1dB performance. Designed for EMI/RFI,
CW/Pulse and high-efficiency communication
systemns, it features a Class A/AB linear design,
built-in protection circuits, extensive monitoring,
a large local LCD display and remote interfaces.

Built for the lab. Ready for the field.
Exodus Advanced Communications
www.exoduscomm.com

12 dB Gain CATV Amplifier
\VENDORVIEW

The QPL1841 is a
GaAs pHEMT
single-ended MMIC
RF amplifier IC
featuring 12 dB of
gain and low noise
from 5 to 850 MHz.
This high linearity IC
is designed to support broadband CATV
DOCSIS 4.0 applications, such as nodes,
amplifiers and remote PHY devices, as well
as fiber to the home, home gateways and
cable modems. The combination of low
noise, excellent distortion and low gain
makes this suitable for drop amps and other
distribution amps.

®
' QONVo
QPL1841 ]

Qorvo
wWww.qorvo.com

15-18 GHz High Power Amplifier

VGLVD1VG2 VD2 The CHA83 1 5-99F is
\l\[ a monolithic GaN
high power amplifier
operating from 15 to
18 GHz and
delivering an output
power of 43.5 dBm
with an associated
PAE of 45 percent. It exhibits 23 dB
small-signal gain. The overall power supply
is 20 V/1.16A. The circuit is designed for
defence applications but offers performance
suited for a wide range of microwave
applications. The part is manufactured on a
robust GaN HEMT technology and is
available as a die.
United Monolithic Semiconductors
www.ums-rf.com

VG1VD1VG2 VD2
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SYSTEMS
QBUC Series from EM Research

s The EM Research
- Quad-Band Block

€ <" e
Up-converter

\_} (QBUC) integrates

four switch-selectable
RF bands in an ultra-compact 6.7 x 2.5 x
0.6 in. package, the smallest available based
on published product specifications.
Supporting L-Band through Ka-Band
operation, the QBUC features internal
filtering, low phase noise, integrated gain
control and excellent spurious performance.
QBUC enables flexible multiband system
architectures while minimizing SWaP.
EM Research
www.emresearch.com

Conical Horn Antenna
\‘DVENDORVIEW

URF’s 2 to 18 GHz
dual polarized
quad-ridged conical
horn antenna is
engineered for RF
testing and measure-
ment applications. This high performance
wideband antenna delivers exceptional port
isolation (= 28 dB) and a low VSWR (<
2.0:1). Achieve 16.5 dBi typical gain and 20
dB minimum cross polarization, making it
the ideal microwave component for
precision system integration. Now live in

stock at $4,800 each.

URF
www.urfinc.com

TEST & MEASUREMENT

Handheld Analyzer
Y)VENDORVIEW

Keysight Technolo-
gies, Inc. introduced
the N99xxD-Series
FieldFox handheld
analyzer, the latest
evolution of
Keysight's FieldFox family. Purpose-built for
precision and portability, the new D-Series
enables 120 MHz gap-free IQ streaming,
high speed data transfer and seamless
field-to-lab integration. Today’s RF
environments are becoming increasingly
complex and dynamic, as mission-critical,
commercial and consumer systems converge
across the spectrum. From 5G and radar to
emerging 6G and satcom, engineers face
mounting challenges in identifying
interference, capturing transient events and
characterizing wideband signals without data
loss.

Keysight Technologies, Inc.
www.keysight.com

MICRO-ADS

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

» Super low noise RF
amplifiers
» Broadband low noise /‘f"{,\
amplifiers ( ,;/ >
> Input PIN diode protected low !
noise amplifiers
» General purpose gain block \
amplifiers
¥ High power RF ifi
and broadband power
amplifiers
» RF isolators and
circulators

> High power coaxial and
waveguide terminations

» High power coaxial
attenuators

» PIN diode power limiters

» Active up and down
converters

qf Mi Corporati
138 W Pomona Ave, Monrovia, CA 91016
Phone: (626) 305-6666, Fax: (626) 602-3101
Email: sales@wenteq.com, Website: www.wenteq.com

LOW CTE EPOXY

for

Two Part EP30LTE-2

flowable system for bonding,
potting and encapsulation

10-13 x 10 infin/°C
& MASTERBOND

+1.201.343.8983 « main@masterbond.com

www.masterbond.com

X

ELECTRO TECHNIK

N&VA

MICROWAVE

o 50 MHz-40 GHz, drop-in, SMT
& coaxial, up to 250 W CW

° Low insertion loss & VSWR

= Defense & Aerospace radar
communications

101



Reviewed by Ajay K. Poddar

Cryptography and Satellite Navigation

By Joseph J. Rushanan, James T. Gillis

he book “Cryptography and Sat-
ellite Navigation” is a concise

guide that links cryptographic
security with satellite navigation. It ex-
plores essential cryptographic methods
to protect positioning, navigation and
timing data in modern systems. This
book provides an introduction to cryp-
tography’s critical role in secure commu-
nication and navigation, and explains
the three primary cryptographic meth-
ods: ciphers, hashes and asymmetry.
Additionally, the book explores the im-
plications of quantum computing on the
future of cryptography.

This book stands out with its detailed
table of contents and is divided into nine
chapters covering key topics. Part | in-
troduces Satellite Navigation (SatNav),
including Chapter 1: Introduction and
Chapter 2: Overview of Satellite Navi-
gation. Part Il explores Cryptography,

AND AVE
FILTERS HANDBOOK

Thomas M. Scott

ARTECH BOOKS

RF AND MICROWAVE
FILTERS HANDBOOK
Author: Thomas M. Scott

ISBN 13: 978-1-68569-129-5

ePub: 978-1-68569-130-1
Publication Date: November 2025
Subject Area: Microwave/RF
Binding/pp: Hardcover/428pp
Price: $84/£72

E-Book: $64/£52
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featuring Chapter 3: Symmetric Cryptog-
raphy, Chapter 4: Hashing, Chapter 5:
Public Key Cryptography and Chapter é:
Cryptographic Protocols. Part Il address-
es the security of SatNav with Chap-
ters 7 through 11, covering topics from
cryptography in the SatNav enterprise
to future directions. The authors explain
the three fundamental cryptographic
techniques: symmetric ciphers for confi-
dentiality, hashes for data integrity and
asymmetric cryptography for privacy and
authentication using digital signatures.
These concepts are further elaborated
through discussions on protocols pro-
tecting navigation signals in systems like
Galileo and GPS.

This book offers a forward-looking
analysis of quantum computing’s impli-
cations for cryptographic security, par-
ticularly in SatNav systems. It discusses
emerging challenges in a post-quantum

era and presents practical applications,
including real-world examples that make
complex concepts accessible. The au-
thors balance depth with clarity, catering
to both cybersecurity and satellite engi-
neering professionals and newcomers
alike. Case studies, such as the Galileo
navigation system, showcase how digi-
tal signatures protect navigation data,
while symmetric ciphers enhance data
protection. Overall, the book highlights
the vital role of cryptography in the tech-
nology landscape, preparing readers for
future challenges.

ISBN: 9781685690311
Pages: 370
To order this book, contact:

Artech House
us.artechouse.com

The RF and Microwave Filters Handbook provide a complete design .
workflow for design filters that solve real problems in RF, microwave, and
power systems. It details how to translate requirements into working circuits,
demonstrating what can be built with real components, while avoiding
costly, wasted iterations. This guide establishes a strong foundation in

transfer functions, impedance, gain, and Bode plots, then provides practical
tests for realizability that prevent hours lost on impossible designs.

The book systematically covers the three major low-pass prototypes—
Butterworth, Chebyshev, and elliptic—then details the standard

transformations for deriving high-pass and band-pass responses. Design of
active low-pass and high-pass filters using op-amps, resistors, and capacitors |
is explained with working formulas, including Sallen and Key and inverting/
noninverting topologies. This text also covers Bessel-Thomson filters for

flat group delay and transient response. Gain command of both frequency-
domain and time-domain analysis tools, including SPICE simulations, and
access complete tables of component values for singly and doubly loaded
networks across multiple filter families.

This is an indispensable reference for electrical engineers, RF circuit
designers, and advanced students who need first-pass success in filter
design. Get immediate solutions to real-world problems in RF power
amplifier design, EMI suppression, and power converter filtering through
coverage of synthesis methods, LC and lattice filters, attenuator pads,
bridged-T filters, and universal switched-capacitor filters. This crucial
reference equips professionals to achieve accurate and efficient filter
designs, saving significant time and costs in the development cycle.

TO LEARN MORE, PLEASE VISIT:
ARTECH HOUSE https://us.artechhouse.com/

BOSTON { LONDON https://uk.artechhouse.com/
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Infineon CSS: New UWB Lab Drives Intelligence at the Edge

nfineon Technologies is a global semiconductor com-

pany focused on making life easier, safer and greener,

as well as shaping worldwide digital transformation.
Infineon has four divisions, including Automotive, Green
Industrial Fower, Fower and Sensory Systems and Con-
nected Secure Systems (CSS). The CSS division focuses
on providing holistic solutions to deliver low-power com-
puting, smart connectivity and built-in security.

One of the emerging enabling technologies for this mis-
sion is ultra-wideband (UWB). Infineon CSS recently made
several strategic moves to support the development and
testing of UWB. These steps were the acquisition of the
Swiss company 3db Access, participation in and driving
of the worldwide UWB standards, strategic development
setup in the organization and the setup of a dedicated
UWB application lab. 3db Access was a pioneer of UWB
highly integrated transceivers with a focus on secured
and low-power UWB ranging for car access systems,
and Infineon acquired them in 2023 to learn from and
build upon their expertise. The acquisition was driven by
Infineon’s recognition of the growing importance of UWB
technology, which offers precise localization, sensing,
secured communication and high speed data transfer,
making it an attractive technology for applications that
require high accuracy and reliability. The creation of the In-
fineon UWB Application Lab is the result of close collabo-
ration between experts from Infineon and Silicon Austria
Labs (SAL). By pooling expertise and working together.
the teams fostered knowledge sharing and joint innova-
tion, Turning the vision of the lab into reality.

Infineon plans to leverage UWB technology to advance
solutions in several key industries, including automotive
and mobility, loT and smart devices, tap-free payment and
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public transportation and industrial applications. UWB will
power and ease secured keyless car access in combination
with near-field communication and Bluetooth Low Energy
(BLE) smartphones, wearables and key fobs, as well as
address new applications such as child presence detec-
tion. UWB-enabled keyless access will also find its way into
homes, powering smart door locks and doorbells. Addition-
ally, UWB will support untracked (indoor) navigation for
malls, car parks or events and provide spatial awareness
for smart home automation. It will add convenience to sev-
eral payment-related use cases, such as public transport
and retail, without compromising security. Finally, UWB

will enable precise localization for robotics, asset tracking,
logistics and warehouse management.

The new Infineon UWB Application Lab, located in Graz,
Austria, is equipped with state-of-the-art infrastructure
and tools, including motion-capture systems, an antenna
chamber, autonomous robots and wireless control technolo-
gies, designed to enable flexible testing and ensure precise
and reproducible test environments. The UWB lab supports
the Infineon vision of driving decarbonization and digitaliza-
tion together with customers and the ecosystem. It helps
to explore and optimize the UWB technology for its target
applications, in combination with other technologies and in
different form factors. It is an important milestone to move
from product offering to system understanding to acceler-
ate development and shorten time-to-market.

Infineon continues to serve the industry through state-
of-the-art design, test and commercialization. Infineon,
through its new UWB Application Lab, is dedicated to
advancing UWB technology to further the automotive, loT,
public transportation and industrial applications industries.
www.infineon.com
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Editor’s Note: This is the second of a two-part article on advanced coaxial filter design. Part 1, published last
month, discussed the design and analysis of the filter building blocks, and Part 2 discusses their use in advanced
filter design, with examples.

Part 1 discussed the properties of filter building blocks containing strongly coupled posts that
offer new possibilities for advanced coaxial (combline) filter designs. Equivalent circuits based on the
individual resonances of the posts cannot be used to reliably describe the behavior of these structures
because of the strong coupling between the posts. Instead, sets of electromagnetic (EM) resonances
that satisfy the boundary conditions are used. The resulting equivalent circuits are either fully transversal
or contain locally transversal sub-circuits, depending on the strength of the coupling between the
cascaded blocks. The validity of similarity transformations that result in topologies with unusually strong
coupling coefficients is questionable, even though they yield the correct frequency response. Such
coupling matrices obscure the physics of the problem and fail to predict the correct behavior of filtering
structures. However, topologies that match the post layout can be used to optimize a filter in connection
with a full-wave solver or measurement.

In Part 2, examples of dual-post and triple-post units are used to illustrate the key findings. The basic
knowledge of the real functionality of these special resonator configurations allows their consideration
in advanced filter implementations using well-established classical design methods, without limitation
by the design approach. This is demonstrated with an example of a second order inline filter providing
one transmission zero by using a combination of single and transverse dual-post resonators. This
fundamental understanding of the special properties provides the prerequisite for a variety of novel
filter solutions.

Properties of Building Blocks Comprising
Strongly Interacting Posts and Their
Consideration in Advanced Coaxial Filter
Designs: Part 2

Smain Amari
Royal Military College, Kingston, ON, Canada

Mustafa Bakr
University of Oxford, Oxford, U.K. and University of Leeds, Leeds, U.K.

Uwe Rosenber
Mician Global Engineering GbR, Bremen, Germany

nderstanding of the real filter functionality allows basic design consideration for a systematic filter design,

like pre-investigations of the resonators in view of unloaded Q and spurious mode distance, as well as

pre-design of couplings with assessment of initial structural dimensions. Moreover, it is a prerequisite for

the consideration of well-established filter design methods providing systematic tuning of filter resonances
and couplings in case of an EM-CAD supported design (e.g., considering “port tuning”) and of course for the tuning
of the final hardware. It is a basis for the application of well-established filter design methods without any general
limitations.
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A Fig. 1 Transverse dual-post properties according to Figure
2b in Part 1 of this article for different post distance: red curves
- dominant (even) mode, green curves — odd mode.

The approach by Macchiarella et al.? produces a fi-
nal design that meets specifications; however, it does
not provide a good initial design where single resona-
tors and pairs of interacting resonators are designed
as in the classic approach. It relies on an EM-CAD
“port tuning” method considering the subsection of
the dual-post together with the adjacent single-post
resonators. This structure is optimized (tuned) to sat-
isfy the characteristic between the ports, which of
course corresponds to the original design; however,
with an overdetermined equivalent circuit model, i.e.,
with a higher number of elements (five couplings, four
resonators) than that of the original design (three cou-
plings, three resonators).

An optimization/"tuning” of the configuration with
a higher number of variable physical parameters will fi-
nally satisfy the defined port characteristics. Moreover,
the combination of the dual-post with the adjacent
single-post resonators yields a general design limita-
tion, e.g., dual-post resonators may also be directly
coupled without any intermediate single-post resona-
tor, also situated close to an interface coupling.

The transverse dual-post resonator is used in the
following as an example to introduce basic filter de-
sign considerations when using resonators with close-
post configurations.

BASIC DUAL-POST RESONATOR DESIGN

One essential aspect in filter design is the investiga-
tion of appropriate resonators in view of unloaded Q
and spurious-free bands. Thus, the respective proper-
ties of a transverse dual-post resonator according to
Figure 2b in Part 1 of this article have been explored
for different post distances. The results in Figure 1
show that the frequency distance between the domi-
nant mode and the second mode decreases with in-
creasing post distance.

In addition, the unloaded Q of the basic mode has
a maximum for the close-post distance, while it de-
creases with larger post spacing. In the case of the
second mode, the unloaded Q reaches a maximum at
some post spacing (center), approximately 10 mm in
this case. This is due to the stored EM energy between
the posts for the second mode, causing higher surface
currents for close distances. The decrease for larger
spacings can be attributed to increasing currents close

110
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A Fig. 2 Configuration for input coupling investigation:
housing height = 22.86, dual-post height = 22.00, coupling
post height = 10, coax input y offset from center = -2.5 and
coax output y offset from center = 4.0 (mm).
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A Fig. 3 3 dB coupling bandwidth of dual-post modes
according to the configuration in Figure 2: red - basic mode (at
2.23 GHz), green - second mode (at 2.77 GHz).

to the side wall, which also holds for the basic mode.

For the application of the second mode in a filter
design, the post height and spacing can be used to
achieve a compromise between the unloaded Q and
the distance of the basic (spurious) mode. The post
footprint may also be considered for a final “fine-tun-
ing” of these parameters.

CONSIDERATION OF RESONATOR COUPLINGS

Another important filter design aspect is the suit-
able implementation of the resonator couplings. This
holds for the input/output couplings as well as for the
inter-resonator ones.

Input/Output Coupling Design

For the input/output coupling investigation, a type
of loop coupling is applied; i.e., a stub is located in
front of the dual-post resonator, which is associated
with the penetrating inner conductor of the coaxial in-
terface at the end-wall (see Figure 2). Other coupling
configurations may also be treated in a similar manner.

A weak probe coupling is considered with a conve-
nient distance at the opposite end-wall for the indica-
tion of the 3 dB coupling bandwidth, which is directly
related to the dedicated input coupling and external
Q, respectively. Evidently, an increase in the longitudi-
nal distance between the coupling configuration and
the resonator yields a decrease in the 3 dB coupling
bandwidth and thus the related effect on the dedicat-
ed coupling. In the case of the dual-post resonator, the
bandwidth variation has been explored when chang-
ing the coupling location in the transverse direction.
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A Fig. 4 Dual-post singlet analyzed response with coupling
stub offset in the same direction.
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A Fig. 5 Dual-post singlet analyzed response with coupling
stub offset in the opposite direction.

The coupling coefficients to each of the two reso-
nances of the dual-post unit are shown in Figure 3.
In detail, the coupling to the dominant mode has a
maximum (3 dB bandwidth) at the waveguide center,
an increasing transverse center offset of the coupling
location yields a decrease of the 3 dB bandwidth due
to diminishing magnetic field components.

In the case of the second (odd) mode, the 3 dB
bandwidth is evidently zero (no coupling) at the center
location. However, an offset location yields a coupling
of this mode with a maximum at a center offset of ap-
proximately 5.7 mm for the used dimensions.

These results are easily understood by noting that
the coupling to the two resonances is determined by
the evanescent TE,y and TE,; waveguide modes, re-
spectively, in the waveguide section between the in-
put stub and the dual-post unit. Evidently, the TE;,
mode with its lower cut-off frequency will always ex-
hibit stronger coupling. The magnetic Hx fields of the
evanescent TE,; mode vanish at the center location
with maxima at the quarter waveguide widths, which
directly corresponds to the reduced couplings of the
second dual-post mode (see Figure 3).

Coupling Transformation Properties/Singlet

The coupling transformation properties of the sec-
ond (odd) mode of the transverse dual-post unit, and
its singlet-like behavior, can be easily verified with the
configuration in Figure 2, but using the couplings at
the input and output. The bypass coupling is mostly
through the TE;; evanescent mode of the waveguide

MW]JOURNAL.COM m FEBRUARY 2026

TechnicalFeature

A
3.87
PEEN
: A
~MLI: I
m
© i ¥
| ® L } A
N
—

|
|
|
I
|
|
|

A Fig. 6 Configuration for investigation of inter-resonator
couplings of dedicated dual-post resonances. Housing height =
22.86 and post height = 22 mm.

that does not interact with the resonance (second
mode of the dual-post resonator), but it causes a by-
pass coupling between the input and output, while
the basic spurious mode has a negligible impact on
the bypass coupling due to the large frequency dis-
tance.

When the input and output ports are placed on the
same side of the symmetry plane of the configura-
tion, as shown in Figure 4, the generated transmis-
sion zero (TZ) is below the resonant frequency of the
odd mode. The full-wave results shown in Figure 4
confirm this statement.

To move the TZ above the resonant frequency of
the odd mode, the input and output ports must be
placed on opposite sides of the symmetry plane of
the posts, as shown in Figure 5. Again, the full-wave
results shown in Figure 5 confirm this conclusion.

Thus, the transverse dual-post constitutes a real
singlet based on the odd mode resonance at the filter
passband frequency and bypass coupling of the eva-
nescent TE,y mode, like the waveguide implemen-
tation that relies on TE,p; and TE;, cavity modes.2
Experimental validation of this general behavior has
been provided by the examples given by Macchiarel-
la et al.m and Bastioli et al.3

These configurations can be designed using stan-
dard filter design methods, considering the respec-
tive couplings of the dual-post resonator with the
adjacent filter input/output ports and/or resonators,
where the cross-coupling can almost be determined
by the complete distance bypassing the dual-post.
There is only a minor impact by the spurious basic
mode due to its large frequency distance. There is no
advantage to a more elaborate higher-order equiva-
lent circuit model, which includes the spurious reso-
nance that cannot be controlled.

Inter-Resonator Coupling

For the investigation of inter-resonator couplings,
the well-known resonance analysis is applied. First, a
configuration with two identical dual-post units is ex-
plored by varying the separation distance between
them (see Figure 6).

The resonance analyses yield four resonant frequen-
cies: two are dedicated to the dominant dual-post
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A Fig. 7 Coupling values of inter-resonator couplings: dual-
post configuration, basic mode - red; second mode - green;
single-post configuration with same envelop configuration and
center offset, post height 20.85 mm adjusted (fc = 2.72 GHz) -
magenta; centered single posts in half-width envelope - blue.

mode, while the other two are dedicated to the second
mode. The deduced coupling values of the assigned
modes are shown in Figure 7. The coupling between the
dominant modes is substantially stronger (more than 5x)
than that between the second (odd) modes.

The analyses of half the configuration in Figure 6,
considering an electric wall in the longitudinal symme-
try plane (i.e., half waveguide width with center off-
set single-posts), yield identical results as the second
mode. This demonstrates that the coupling of the sec-
ond mode in this configuration relies solely on the TE,,
waveguide mode and not on the fundamental TE;q
mode. There will be a certain increase in the coupling
values when considering the single-post resonators
centered inside this half-width waveguide envelope
(see Figure 7).

Another coupling analysis is carried out for the al-
tered original configuration, considering only one post
(with center offset) of each pair. In this case, the post
height is modified (20.85 mm) to have the same reso-
nant frequency as the second mode. Although this con-
figuration exhibits weaker coupling values than those
achieved for the dominant mode of the dual posts, in
comparison with the second mode couplings, they are
more than 3x stronger (see Figure 7).

The method for the coupling analyses is based on
identical resonating configurations. Consequently, the
application to different resonator types is critical (as
in the combination of a dual-post with a single-post).
However, the analyses of initial filter designs have
shown that couplings between dual- and single-post
resonators are of the same order of magnitude as that
obtained for the second mode dual-post resonators.
This is attributed to the fact that the second dual-post
mode can only be coupled by odd mode field compo-
nents, i.e., couplings with single-post resonators in this
configuration are only possible if they exhibit a center
offset relative to the dual-post.

An assessment of the footprint dimensions of the
third order filter (see Macchiarella et al.,! Figure 6) con-
firms the above analyses. Indeed, the coupling of the
single-post resonators with the dual-post (odd mode)
resonator at a close distance is due entirely to the TE,,
waveguide mode, while the bypass coupling between
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A Fig. 8 Dual-post doublet analyzed response with opposite
offset spacing of coupling stubs.

the two single posts can be (almost entirely) attributed
to the TE;; mode and results in much stronger cou-
pling despite the longer distance.

Inline Dual-Post Doublet

The basic understanding of the physics of close-
post resonator configurations reveals many new de-
sign possibilities to be included in advanced filter
designs. The knowledge that the second mode of
transverse dual-post resonators is always coupled by
the TE,o mode, while the TE;j mode provides strong
bypass coupling, has been considered by the singlet
design above.

The singlet configuration can also be extended by
a second dual-post resonator for the realization of an
inline second-order building block, providing a pair
of TZs (see Figure 8). Also in this configuration, the
opposite offsets of input and output couplings are
important for the coupling sign transformation (Mg).
The response clearly exhibits two spurious resonances
below the passband.

The use of standard filter design methods allows
the consideration of such basic configurations for ad-
vanced filter implementations. For example, the inline
dual-post doublet can be combined arbitrarily with
other (e.g., single-post) resonators to provide an inline
quadruplet in higher-order filter designs.

Second Order Filter Design Example

The following example introduces a systematic filter
design that relies on well-established methods while
considering an implementation with dual- and single-
post resonators. It also enables the identification of
design limitations, e.g., resulting from the general
TE,q bypass couplings when using the second dual-
post mode, i.e., there is always a bypass coupling.

The second order filter characteristic is specified
to have a center frequency of 2.775 GHz, a 20 MHz
bandwidth (return loss: 20 dB) and a TZ at 2.7 GHz.
This response is satisfied by the normalized coupling
matrix of Equation 1:

0 1.2074 -0.2443 O

M 1.2074 0.3559 1.6116 0 1

~[-0.2443 1.6116 -0.2973 1.2300 M

0 0 1.2300 0
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A Fig. 9 Initial filter configuration after assessment
of resonator, input/output and inter-resonator coupling
dimensions.

The filter implementation considers the second
mode of a dual- and a single-post resonator. Thus,
the first design step is related to the determination of
the two different resonator types as described above.
The second step is related to the design of the input
and output couplings of the assigned resonators. As
shown above, the maximum coupling of the dual-post
resonator is achieved at a transverse offset of 5.7 mm.
Hence, the required coupling is adjusted by the longi-
tudinal distance between the coupling stub and reso-
nator.

The configuration of the single-post output cou-
pling considers a centered location of the coupling
stub, while the post is transversally offset by 5.7 mm.
(The post offset accounts for the later inter-resonator
coupling with the second mode dual-post resonator,
while the central coupling location avoids a parasitic
coupling with the second dual-post resonance mode.)
The adjustment of the required output coupling is
made in the same manner, i.e., by varying the longitu-
dinal distance of the stub.

Once the configurations of the required interface
couplings have been determined, they can be com-
bined for the second order filter with the intermediate
coupling length. Based on the considerations above,
the initial length (11.86 mm) for the required coupling
is estimated by two single-post resonators in the half-
width waveguide envelope. The filter dimensions ob-
tained by these initial systematic steps are given in
Figure 9.

The response (see Figure 10) of this initial configu-
ration shows a second order filter with the required
bandwidth, 17 dB return loss and a frequency offset
of about 4 MHz. Thus, this pre-dimensioning, which
relies on well-esablished filter design methods, needs
only minor adjustments of resonators and couplings
to meet the original specifications, as shown by the
analyzed results.

Note that, apart from the related offset locations of
the input coupling and the single-post resonator, the
cross-coupling is not considered for this initial design.
Due to the above evaluation, there is always a bypass
coupling of the second mode of the dual-post resona-
tor in such structures by the dominant TE;; waveguide
mode, since this mode does not interact with the dual-
post resonator but with interface couplings and single-
post resonators.
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A Fig. 10 Second order filter design with dual- and single-
post resonators initial configuration (see Figure 19) synthesized
characteristic: [Sq4| (blue), |S,4| (magenta). Results after minor
tuning of coupling M, and resonators: |Sq4] (red), |S,4| (green).
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A Fig. 11 Analyzed response of an inline dual-post resonator.

For the present configuration, the bypass coupling
results mainly from the distance of the input coupling
to the single-post, while the couplings of the dual-
post resonator (toward the input and single-post), also
depend on the associated sub-lengths. A TZ location
closer to the passband requires a stronger bypass cou-
pling, while the other couplings must remain with a
similar strength.

Although all dedicated couplings depend on their
respective longitudinal distances, they can be adjust-
ed individually according to the need for a desired
filter function (TZ location). For example, the bypass
coupling M, is increased by reducing the distance be-
tween the dual- and single-post resonators. To keep
the respective main coupling M;, (almost) constant,
the transverse center offset of the single-post resona-
tor location must be reduced (see above investiga-
tions). Consequently, the knowledge of the real func-
tionality supports the systematic, straightforward filter
designs using well-established methods.

ADDITIONAL VERIFICATION EXAMPLES

Inline Dual-Post Resonator

First, an inline dual-post unit is considered. The in-
put and output are aligned with the posts of the unit,
as shown in Figure 11. As discussed in Part 1 of this
article, this unit is not able to generate a TZ at a finite
frequency. This is confirmed by the analyzed full-wave
results shown in Figure 11. The behavior is identical to
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that of TE;y; and
TE102 WaVeguide
cavity modes in
inline filters.4

Triple-Post Unit
(Doublet)

As discussed
in Part 1 of this
article, the triple-
post unit can
generate up to
two TZs at finite

A Fig. 12 Fourth order filter design; frequencies. Only
dashed lines — synthesis of “box-section” one TZ is gener-
characteristicz solid lines —'analyzed ated when the
responses of implementation. .

coupling  coef-

ficients are con-
strained, according to Equation 10c in Part 1 of this
article. Even if this constraint is not satisfied exactly,
one TZ will be located far away from the passband,
especially when the dominant even mode resonates at
a sufficiently distant frequency below the passband. It
was also demonstrated that the remaining TZ satisfies
an approximate TZ-shifting property.

The triple-post configuration (see Figure 6 in Part
1 of this article) is used with necessary input and out-
put coupling, symmetrically placed at both sides, to
realize a second order (doublet) filter. Note that the
footprint and housing cross sections are according to
Figure 2.5 The input and output of the filter coupling
stubs are used with a conductive connection to the
interfacing coaxial lines (see Figure 12). The stub lo-
cation and height are optimized to achieve a second
order filter characteristic using the triple-post dimen-
sions of Figure 6 in Part 1 of this article. The obtained
characteristic is shown in Figure 13. The configuration
provides an equi-ripple passband from 2.747 to 2.759
GHz (return loss 22 dB) with a TZ above the passband
at 2.767 GHz.

Solely adjusting the heights of the posts results in
an almost mirrored image of the response with the TZ
moved below the passband. The spurious mode far
below remains practically unchanged (see Figure 13
and Figure 14). In detail, the height of the inline dual
posts of the triple configuration is reduced to 21.912
mm, and the height of the single-post is increased to
22.042 mm. Figure 15 shows both responses over a
frequency range around the passband. This clearly
demonstrates doublet behavior with the TZ-shifting
property. Although the possibility of shifting the TZ by
adjusting the resonant frequencies was mentioned by
Bastioli et al.,> the equivalent circuit used in the design
does not exhibit this property.

These results show that triple-post structures are ad-
equately described by models that rely only on those
resonances that contribute to the passband. Their de-
signs can be carried out by following well-established
filter synthesis and design methods. There is no real
need for elaborate overdetermined models and syn-
thesis techniques that include spurious resonances far
away from the passband, which cannot be controlled
and contribute very little to the passband.
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A Fig. 13 Response of configuration in Figure 4 (height of all
posts = 21.95 mm).
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A Fig. 14 Response of configuration in Figure 4 (post heights:
inline pair = 21.912 mm, single post = 22.042 mm).

Design of a Fourth Order Box-Section Filter

A fourth order filter implementation considers a
triple-post doublet section as the basic building block,
coupled at both sides with single-post resonators
to realize a fourth order filter with one TZ. The filter
response has a center frequency at 2.662 GHz. The
bandwidth is 76 MHz (equi-ripple return loss 25 dB)
with a TZ below the passband at 2.61 GHz. According
to the above findings, the configuration corresponds
to a box-section coupling scheme, i.e., the respective
normalized coupling values for the filter response are
given by Equation 2:

0 1.1402 0 0 0 0
1.1402 0.0964 0.9398 0.4229 0 0
M = 0 0.9398 0.3934 0 -0.9398 0 2

0 0.4229 0 -1.0211 0.4229 0
0 0 -0.9398 0.4229 0.0964 1.1402
0 0 0 0 1.1402 0

The synthesis represents a narrow band characteris-
tic close to the passband without any spurious effects.

The dashed lines in Figure 16 show the response
of the synthesized coupling matrix. The implementa-
tion is shown by the inset. The central triple-post dou-
blet and the single resonators are situated in a straight
housing (like that described by Bastioli et al.®) The
single posts are conductively coupled with the coaxial
interfaces at the opposite end walls. The different cou-
plings between the single posts and the triple-post
resonances are adjusted by the transverse offset loca-
tions of the single posts and the inline distance. The
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A Fig. 15 Narrowband responses of the initial doublet filter
(Figures 13 and 14) with adjusted resonator post heights (zero-
shifting property).
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A Fig. 16 Fourth order filter design: dashed lines — synthesis
of “box-section” characteristic; solid lines — analyzed responses
of implementation (shown in inset).

resonances of the doublet are conveniently controlled
by separate adjustment of the dedicated two inline
posts and the single post beside the two.

The analyzed characteristics of the configuration in
Figure 16 coincide accurately with the ideal response
of the coupling matrix. As expected, the spurious
fundamental mode resonance of the triple-post unit
appears far below the passband, resulting in an im-
pairment of the ideal (“box-section”) filter response
with increasing distance from the passband. Toward
lower frequencies, there is a reduced rejection, while
toward higher frequencies, an increase in rejection is
observed.

It should be noted that this design also exhibits
the “zero-shifting” property as demonstrated by the
response in Figure 17, which follows from Figure 16
by solely adjusting the heights of the posts. As the
analyzed results show, the fundamental mode reso-
nance remains far below the passband. However, the
achieved response does not provide an accurate mir-
ror image of the initial design (see Figure 16); i.e., the
passband is narrower with a higher return loss (> 30
dB), and the TZ is closer to the band. This is attributed
to the spurious effects described above and requires
some minor adjustments of the couplings to achieve
an accurate mirror image of the initial response.

Triplet Filter Design with Inline Dual-Post

An inline dual-post resonator (see Figure 2a in Part
1 of this article) is selected for a triplet filter design to
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A Fig. 17 Fourth order filter design (see inset of Figure 8). TZ
shifts above the passband solely by small adjustments of post
heights.

further  validate
its basic proper-
ties. The dual-
post  configura-
tion is coupled
to  single-post
resonators in
a triangular ar-
rangement with
the latter resona-
tors  connected
via  conductive
couplings with A Fig. 18 Configuration of triplet filter
coaxial interfaces with dual-post resonator.

(see Figure 18).

For the cross-

coupling, an inductive window is considered in the
separation wall between the single-post resonators.
The passband of the third order filter characteristic is
from 2.598 to 2.680 GHz (equi-ripple return loss = 17
dB), and a TZ is located below the passband at 2.555
GHz. The dashed lines in Figure 19 show the response
of the synthesized coupling matrix.

Note, for the realization of the TZ below the pass-
band, a transformation of the coupling sign is man-
datory and therefore, the use of the second (odd)
mode. The dual-post height in the final design is
22.06 mm. The analyzed response of this configura-
tion is shown in Figure 19 (solid lines), together with
the ideal response. Good agreement between the
two is achieved. Analysis over a wide frequency range

Resonator 2
(Dual-Post)

/‘,

Separation Wall

0
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b
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A Fig. 19 Response of triplet filter design (see Figure 18);
synthesis (dashed), analyses (solid). Inset: coupling matrix.
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A Fig. 20 Analyzed wideband response of triplet filter design
of Figure 18.

shows the spurious fundamental resonance far below
the passband as expected (see Figure 20).

The properties of the special dual-post resonator
configuration (see Figure 18) are simply demonstrated
by exchanging the second (odd) mode and the fun-
damental mode allocations. That is, the resonances
of both dual-post modes have been moved toward
higher frequencies by solely reducing the height of the
dual posts in the structure.

The analysis of this identical configuration with only
a reduced dual-post height of 20.63 mm exhibits a
transformation of the coupling sign. The computed
response (see Figure 21) shows a third order filter
characteristic with moderate return loss (~8 dB), but
with the TZ above the passband; additionally, the odd
mode is now the spurious far above the passband (see
Figure 21). No attempt was made to improve the re-
turn loss of a typical value of 20 dB because the inten-
tion is to show the sign transformation that comes with
only adjusting the heights of the posts of the dual-post
unit.

The simple interchange of even and odd modes
for a dedicated filter implementation will not yield a
mirror image of the responses. The modes exhibit dif-
ferent field strengths for the couplings with the other
resonators (posts). Note that this feature is different
from the zero-shifting property of doublet configura-
tions that involve the frequency interchange of the as-
signed resonances (“self-couplings, Mxx").

Instead, this involves the interchange of the roles
played by the two resonances of the dual-post unit. In
the first design, the even fundamental mode is spuri-
ous and located below the passband. In the second
design, the odd mode is spurious and located above
the passband. This operation allows different transfor-
mations of the coupling coefficients and extends the
design possibilities.

The additional TZ that is present in these two filters
can be explained by the interference of the signal go-
ing through the coupling iris between the posts at the
input and the output and the spurious resonance. In
the first case (see Figure 20), the bypassed mode is
even. Around the spurious resonance, the filter acts as
a singlet with all coupling coefficients of the same sign,
hence the TZ above the resonance. In the second case
(see Figure 21), the spurious mode is odd. This means

116

A Fig. 21 Analyzed wideband response of triplet filter design
in Figure 18, but with a reduced height of the dual-post unit.

that one coupling coefficient is negative. Around the
spurious resonance, the filter is equivalent to a singlet
with one negative coupling coefficient, hence the TZ is
below the resonance.

REFERRED EXPERIMENTAL VALIDATION

Measured results of filter designs with close-post
configurations have been provided in several recent
papers.1.3:577 Photos of hardware realizations were also
provided in the same references. The main goal of
this work is not to design and manufacture new filters
based on the same structures; instead, it is to explain
the underlying physics of the relevant basic building
blocks to enable straightforward systematic design
and tuning by using well-established filter design
methods. Moreover, it will be the key to many novel
and innovative design ideas.

The elaborate and questionable syntheses in com-
bination with EM-optimization techniques in recent
papers'3>7 produce working filters. The point dem-
onstrated by this work is that the same filters can be
designed in a straightforward way by using classic de-
sign methods that are familiar to all filter designers if
the proper equivalent circuits are used. The example
of a fourth order filter is used to illustrate this point.

The fourth order filter design of Bastioli et al.> is
like the fourth order box-section filter described
here. Because of the orthogonality of the solutions
to Maxwell’s equations in a given volume, the eigen-
resonances of the triple-post unit are not coupled to
each other. Given that the bandwidth of the filter is not
large, the coupling coefficients of the resonances of
the triple-post unit to the input and output resonators
are not strong. This means that they can be treated as
localized resonators.

The spurious (fundamental) mode provides cou-
pling between the input and output resonators that
is small and practically constant over the narrow pass-
band. The result is the coupling scheme (box-section
with small bypass coupling) shown in Figure 22.

A comparison of the filter response from Bastioli,” in
their Figure 15, with a synthesized characteristic consid-
ering one TZ only (box-section without bypass), exhibits
some small deviations in rejection; i.e., rejection above
the passband is a few dB higher, whereas below is a few
dB lower. This is directly attributed to the weak spurious
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A Fig. 22 Real coupling scheme of the introduced 4-pole
filter (see Bastioli,” Figures 12 through 15) representing
physical resonances of configuration (M34 = My3; My, = My5;
Mgy = Mq9).

fundamental mode bypass coupling in the box-section
scheme (see Figure 22), which yields an extra TZ far
above the passband; i.e., the corresponding normal-
ized coupling values are given by Equation 3:

0 1.0390 0 0 0 0
1.0390 0.1029 0.8984 0.2365 -0.1046 0
0 0.8984 0.1143 0 -0.8984 0

M = ©)

0 0.2365 0 -1.0136 0.2365 0
0 -0.1046 -0.8984 0.2365 0.1029 1.0390
0 0 0 0 1.0390 0

Note that all elements of this coupling matrix have
typical values, contrary to the unrealistic values that
result when using the triplet resonator scheme repre-
sentations.>’/

The weak spurious mode coupling is an inherent
parasitic effect in this doublet configuration with the
triple-post structure; its accurate strength depends on
the final physical implementation (mainly on the dis-
tance of the spurious fundamental mode resonance
from the passband). It cannot be controlled complete-
ly as part of the design. It makes little engineering
sense to include it in the model upon which the de-
sign is based. The best that can be done is to push it
as far away from the passband as possible by reducing
the distance between the strongly interacting posts.
However, the knowledge of its effect from a first itera-
tion may be incorporated to a certain extent in the ini-
tial synthesis of such a filter design. Final adjustments
of the relevant dimensions of the filter in the design
can compensate for the small distortions that may be
caused by the spurious resonance.

The basic knowledge of this triple-post dual-mode
resonator functionality allows similar basic design con-
siderations (as provided in Part 1 of this article of the
dual-post singlet resonator, e.g.) to optimize unloaded
Q and spurious mode distance, as well as coupling
properties with other resonator types.

The above investigations regarding properties of
the triple-post resonator implementation are identi-
cal with the central footprint and housing dimensions
from Bastioli et al.> in their Figure 12, which are part
of their realized fourth order filter design (see a photo
of the filter in their Figure 14, with measured results in
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their Figure 15). The passband of their realized filter,
however, is substantially lower than the resonant fre-
quencies in this investigation. This is attributed to the
different heights and loadings of the posts (the heights
of their posts are 22.86 mm with additional dielectric
loading at the top, without further information). Nev-
ertheless, this does not change the principal physical
properties of such close triangular post configurations.

Also, the experimental results provided by Zeng et
al.” validate the real physical behavior of the close-
post configurations in coaxial filter designs introduced
above, i.e., all these filter designs rely on standard
synthesis methods where the number of resonators
within the configuration is identical to that of the filter
order. Consequently, their introduced synthesis is mis-
leading. It introduces extra “redundant resonances,”
but without giving any physical representation of such
redundant resonant circuits. A filter characteristic is
finally achieved using commercial EM-CAD optimiza-
tion techniques.

CONCLUSION

The investigations of building blocks with strongly
coupled posts have shown that the individual posts
are not pivotal to the design of filters containing these
structures. Because of the strong coupling between
posts that share the same volume, resonances local-
ized around the post are not physical. Instead, the
resonances of the complete block and their proper-
ties must be examined to identify those features that
are relevant to the design of filters that contain one or
more of such structures.

Similarity transformations yield coupling matrices
that conserve the frequency response of the entire fil-
ter but not necessarily the dominant “internal” phys-
ics of these structures because of the strong coupling
and the boundary conditions. Nevertheless, coupling
matrices based on localized resonances can be and
have been successfully used to optimize the filter in
connection with the full-wave response of the entire
filter or subsections that consider these structures with
adjacent single-post resonators.

However, classic design methods based on pairs of
resonators will most likely fail when applied to such
coupling matrices. Using resonances that satisfy the
boundary conditions and contribute to the passband
is essential to understanding how these structures
work and how to use them in interesting and innova-
tive designs. These filters can be designed by follow-
ing well-established methods if they are based on an
equivalent circuit (coupling matrix) that contains only
those physical resonances that contribute to the pass-
band.

Knowledge of the real functionality is a prerequi-
site for the systematic application of standard design
methods for a convenient geometrical pre-design of
the desired filter configuration, considering also differ-
ent kinds of resonators without general design limita-
tions.

As an example, the usual basic considerations for
the pre-design of a second order filter with one TZ are
introduced for an implementation using dual- and sin-
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gle-post resonators. The analysis
results of the initial configuration,
obtained by the application of this
classical design approach, provide
almost the desired filter character-
istic response without any EM-opti-
mization/tuning.

The filters described in this ar-
ticle have all been designed using
well-established methods. The ef-
fect of spurious resonance is then
addressed by a final adjustment of
the filter dimensions in connection
with the equivalent circuit and a
field solver. B
I
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