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Noise Figure In Select Frequency Bands 
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Oscillators Enable 

Conversion at X-Band
Jason Breitbarth
Saetta Labs, Boulder, Colo.

D
irect microwave conver-
sion utilizing extremely 
high speed analog-to-
digital converters (ADCs) 

and digital-to-analog converters 
(DACs), enable systems with in-
creased bandwidth, more capa-
bilities and better performance. X-
Band DACs can drive radar arrays 
directly or through single-stage 
up-conversion, which adds near 
real-time beam steering and null-
ing capabilities. ADCs can sample 
microwave signals directly, improv-
ing bandwidth and real-time analy-
sis. ADCs and DACs only exhibit 
phase noise contributions from the 
noise fl oor and 1/f noise. However, 
if maximum system performance is 
required, this places quite a burden 
on the phase noise requirements of 
the oscillator.

This article provides a summary 
of the oscillator types available for 
local oscillator (LO) generation, or 
clocking, at X-Band frequencies 
and above, along with the best ap-
plications for each type of oscillator. 
These technologies can also be com-
bined in a multi-oscillator approach 
to achieve both short-term and long-
term stability requirements. A phase-
locked loop (PLL) is required in these 
system architectures but an in-depth 
analysis of PLLs is outside the scope 

of this article. A good overview of 
what to consider when selecting 
phase-locked oscillators is in the 
reference section.1 The phase noise 
plots presented in the article come 
from multiple sources and vendors. 
They are meant to provide a qualita-
tive comparison of high performance 
representative devices.

Figure 1 is a plot of the residual 
phase noise of a 10.24 GSPS high 
speed DAC with an output at 1 GHz. 
This phase noise profi le is compared 
with a high-quality 100 MHz oven 
controlled crystal oscillator (OCXO) 
that is ideally multiplied to 1 GHz 
and a sapphire-loaded cavity oscil-
lator (SLCO) from 
Saetta Labs that 
is ideally divided 
from 8 GHz to the 
1 GHz output. This 
result is normalized 
to show the perfor-
mance of the DAC 
if it were ideal. The 
total noise will be 
the RSS of the oscil-
lator and DAC. The 
curves show that 
this new genera-
tion of DACs has 
exceptionally low 
phase noise, but 
a careful choice of 
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LO generation is critical to achieve 
the desired performance.

DATA COMMUNICATION 

SYSTEMS AND RADAR

High data rate communications 
systems and radar applications 
have signifi cantly different phase 
noise requirements. Two important 
requirements for communications 
systems are long-term stability for 
signal acquisition and tracking, 
along with good phase noise per-
formance at frequency offsets from 
the carrier where most of the data 
information is contained. Offsets in 
the frequency range from 20 kHz to 

COVER FEATURE
INVITED PAPER

 Fig. 1  Single-sideband phase noise versus frequency.

Frequency Offset (Hz)

S
in

g
le

 S
id

e
b

an
d

 P
h
as

e
 N

o
is

e
 (
d

B
c/

H
z)

101 102 103 104 105 106 107

–80

–90

–100

–110

–120

–130

–140

–150

–160

–170

–180

100 MHz Normalized to 1 GHz
SLCO Normalized to 1 GHz
DAC RF = 1 GHz, 10.24 GSPS



RLC Electronics | 83 Radio Circle, Mt. Kisco, NY 10549 | 914-241-1334 | sales@rlcelectronics.com | www.rlcelectronics.com

HIGH POWER & VARIETYAGILE & ADAPTIVE  RUGGED & RELIABLE  



CoverFeature

20   MWJOURNAL.COM  APRIL 2024

signifi cant issue for a long-term reference. Leeson’s 
equation, shown in Equation 1, is a relatively simple 
equation that describes the phase noise of an oscillator 
based on amplifi er and resonator parameters. There is 
an excellent summary of some of the work in this area in 
the reference section.2

L f
m( ) = 10log

1

2

f
0

2Q
l
f
m

2

+1
f
c

f
m

+1
FkT

P
s
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20 dB/dec
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fm<1/2 bw of Resonator

-177 dBm-Ps+NF
White Noise
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 

 

Where:3

f0 is the output frequency
Ql is the loaded quality factor
fm is the offset from the output frequency (Hz)
fc is the 1/f corner frequency
F is the noise factor of the amplifi er
k is Boltzmann’s constant in joules/kelvin
T is the absolute temperature in kelvin
Ps is the available power at the sustaining amplifi er 

input.
Figure 2 shows a generic oscillator block diagram. 

The phase shifter satisfi es the oscillator stability criteria 
of a positive feedback loop at 360 degrees. The oscil-
lator operates in a compressed amplifi er state when 
the open loop gain is assumed to be greater than one. 
From Leeson’s equation, the phase noise is dominated 
by the Q-factor of the resonator.

Leeson’s equation can be separated into indepen-
dent contributions from the amplifi er and the resona-
tor, as shown in Equation 1. The two last terms, as in-
dicated in Equation 1 apply to the amplifi er. The term, 
FkT/Ps defi nes the signal-to-noise ratio of the amplifi er 
and the noise fl oor. This quantity can be measured in-
dependently and under oscillation with a typical value 
of around 3 dB in compression.4,5 The fi rst term of the 
amplifi er portion of Lesson’s equation is the 1/f noise. 
Different technologies have different 1/f corner values, 
but most X-Band oscillators will use a SiGe, GaAs or In-
GaP HBT process with 1/f corner frequencies between 
10 kHz and 100 kHz. The loop is multiplicative, so all 
the amplifi er noise is multiplied in positive feedback 
with the resonator. The noise fl oor of an amplifi er can 
be estimated by taking the single-sideband PM noise 

> 50 MHz may be of the most interest to optimize.
By contrast, radar has more stringent phase noise re-

quirements for the low- to mid-frequency offsets. Track-
ing radars measure the Doppler shift of an incoming 
target in addition to time-of-fl ight ranging. Airborne 
targets may be traveling at rates from subsonic to hy-
personic speeds. Using an 8 GHz X-Band radar as an 
example, a target traveling at 5x the speed of sound, 
or approximately 1700 m/s at sea level, has a received 
Doppler shift of about 95 kHz offset. A target moving 
at half the speed of sound has an offset of about 10 
kHz and a slow-moving target or lower frequency radar, 
would want to be optimized for phase noise at less than 
10 kHz offset.

STABILITY AND PHASE NOISE

The usefulness of an oscillator links strongly to a sin-
gle performance attribute: stability. Stability is broadly 
categorized into short-term and long-term stability 
metrics. Long-term stability is described in terms of 
drift, measured in parts per million or parts per billion 
and it may also be characterized by a metric known as 
Allan deviation. Short-term stability is phase noise. The 
crossover point between categorizing stability as long-
term or short-term is typically around one second. The 
difference between short-term and long-term stability is 
analogous to the differentiation between precision and 
accuracy.

Long-term stability is accuracy. If the frequency of an 
oscillator is measured every second over an hour, a day, 
a week or a month, the repeatability and accuracy of 
the frequency is typically quantifi ed as Allan deviation. 
This is a measurement of stability in parts per million 
(ppm) or parts per billion (ppb). In most systems, this is 
dominated by a quartz crystal oscillator with a typical 
reference frequency of 10 MHz. This 10 MHz frequency 
may be locked to a very accurate source. This is typi-
cally accomplished with a frequency-locked loop that 
locks directly to an atomic clock reference or to GPS, 
which indirectly locks to an atomic clock.

Short-term stability is precision. It is a measure of the 
oscillator phase repeatability over a short period. This is 
measured as phase noise. Phase noise theory is another 
subject that cannot be addressed comprehensively in 
this article. Simply put, phase noise is a power spectral 
density at a frequency offset from the carrier relative to 
the carrier power. It can also be viewed as the probabil-
ity of phase fl uctuations from ideal.

The preceding discussion has been theoretical, but 
there are practical implications. A microwave LO designed 
to drive a DAC or an ADC must strike a balance. It is typi-
cally a combination of a high frequency oscillator with 
good phase noise or short-term stability phase-locked to 
an oscillator with good long-term stability or drift.

OSCILLATOR FUNDAMENTALS

To a fi rst order, an oscillator fundamentally has only 
two components that contribute to and affect phase 
noise and short-term stability. These components are 
the amplifi er and the resonator. Control tuning circuitry 
and thermal performance are also contributing factors, 
but they are second-order. Thermal performance is a  Fig. 2  Oscillator block diagram.

bw = fo/Q
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ate at 10 to 100 MHz, they resonate 
acoustically. Two properties make 
quartz an advantageous mate-
rial: it has high Q values, typically 
between 10,000 in small low-cost 
variations to about a million in very 
expensive versions and quartz has 
a fl at frequency versus temperature 
plateau, as shown in Figure 4.

The quartz crystal resonator is cut 
as either AT or stress-compensated 
(SC). AT is the room temperature cut 
used in temperature-compensated 
crystal oscillators (TCXOs). This type 
of oscillator has very little frequency 
change versus temperature around 
25°C. Additional compensation cir-
cuitry can extend this useful plateau 
signifi cantly. The SC cut has a higher 
Q and a fl at frequency-to-tempera-

taken. Figure 3 is 
Leeson’s equation 
as a phase noise 
plot with the values 
of a typical dielec-
tric resonator os-
cillator (DRO). The 
properties of each 
component of Lee-
son’s equation are 
shown graphically. 
The amplifi er is 
plotted separately 
on the bottom and 
then summed on a 
log scale with the 
resonator for the 
total phase noise. 
The phase noise 
plot identifi es the 
20 dB per decade phase noise char-
acteristic of the resonator, along 
with the 30 dB per decade sections 
that result when the 1/f and resona-
tor phase noise profi les overlap due 
to the multiplicative effect of the 
positive feedback loop. From this 
chart, Q, noise fl oor and 1/f can be 
estimated for any oscillator.

LOWER FREQUENCY 

OSCILLATORS: LONG-TERM 

STABILITY

Quartz Crystal Oscillators

Quartz crystals satisfy the me-
dium- to long-term stability require-
ments of most microwave systems.6

Quartz is a bulk electroacoustic ele-
ment. While crystal oscillators oper-

fl oor due to thermal noise, which is 
-177 dBm, then subtracting the in-
put power and adding the NF.

As an example, a medium power 
amplifi er with 14 dB of gain, 16 dBm 
of output power and an NF of 5 dB 
results in a Ps, the input power to the 
amplifi er in a compressed state of 
about 5 dBm, assuming 3 dB com-
pression. In practice, the NF typically 
increases by a few dB under com-
pression, so the assumption is that 
the NF increases to 8 dB. Plugging in 
these values (-177-5+8) yields a -174 
dBc/Hz noise fl oor, which is the ther-
mal noise fl oor in a 50 Ω system. This 
means that each oscillator is bound 
by the same amplifi er condition the-
ory and the noise fl oor will be similar 
among all oscillators.

The fi rst term in Leeson’s equa-
tion, shown in Equation 1, relates 
to the resonator. Resonators have 
a particular loaded Q-factor that 
depends on the technology choice 
and integration. The equation can 
be rewritten to show the f0/2Ql term 
is the half bandwidth frequency of 
the resonator and the resonator 
does not affect the noise at off-
sets greater than this frequency. At 
higher offsets, the only noise con-
tribution comes from the amplifi er. 
At frequencies below this half band-
width frequency, the term follows a 
second-order system and it can be 
shown as a Bode diagram increas-
ing at 20 dB per decade.

Phase noise is a single-sideband 
measurement, so half the power is 

 Fig. 3  Phase noise plot of Leeson’s equation.
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in these oscillators. The Q-factors 
range from about 10 to 100,000, 
depending on the resonator tech-
nology. Size and cost are usually re-
lated to the Q-factor.

VCO

A VCO is the smallest, lowest 
cost and most prevalent of all the 
X-Band oscillators. They are typi-
cally realized as a lumped-element 
oscillator, either discrete or inte-
grated on-chip. Some are embed-
ded directly into the PLL IC for the 
highest level of integration. The ad-
vantages of this approach are wide 
tuning range, fast acquisition, low 
power consumption and small size. 
The disadvantage is a relatively low 
Q-factor, typically between 10 and 

SAW

A SAW oscil-
lator is a surface 
acoustic device 
with a good Q-fac-
tor and small size. 
They operate from 
around 300 MHz 
to 2 GHz and serve 
as an intermediate 
oscillator to lock 
while multiplying 
OCXOs higher in 
frequency. These 
devices can some-
times replace a 
100 MHz OCXO 
or a DRO. The per-
formance of the 
SAW oscillator sits 
between the DRO and the OCXO 
in frequency and the material has 
signifi cant size advantages. SAW 
oscillators require frequency mul-
tiplication for operation at X-Band 
and above.

X-BAND OSCILLATORS: SHORT-

TERM STABILITY

Oscillators operating funda-
mentally at X-Band will have better 
phase noise than a quartz oscillator 
at offsets far from the carrier. Fig-
ure 6 is a phase noise plot show-
ing the quantitative performance of 
OCXO, voltage-controlled oscillator 
(VCO), DRO and SLCO designs at 
8 GHz. As discussed, the Q-factor 
is the main performance difference 

ture plateau around 90¡C. Instead of 
temperature compensation, the SC 
crystal is used in an OCXO device, 
held at a constant temperature in an 
oven, to achieve even greater sta-
bility than is achievable in a TCXO.

A disadvantage of quartz-based 
crystal oscillators is their perfor-
mance degrades at frequencies 
above about 100 MHz. To utilize a 
quartz-based oscillator in X-Band 
requires multiplication and this ap-
proach adds a 20log10(N) noise 
multiplier, where N is the frequen-
cy multiplication factor. Figure 5
shows a 10 MHz and 100 MHz high-
quality OCXO and their noise after 
ideally multiplying to 8 GHz. The 
10 MHz device will almost always 
outperform a 100 MHz device at 1 
to 100 Hz offsets. However, the 100 
MHz oscillator will perform better at 
higher frequencies because it has 
been optimized for a better noise 
fl oor farther from the carrier. High 
performance systems may integrate 
and phase-lock both oscillators for 
the optimum phase noise and sta-
bility performance.

 Fig. 4  Quartz crystal oscillator 
frequency stability versus temperature.
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 Fig. 5  Comparison of 10 MHz and 100 MHz OCXOs at 8 
GHz.
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lators have higher Q than VCOs with wide, but slow tun-
ing. The large magnetic fi eld results in signifi cant power 
consumption and heat dissipation. These devices may 
be the best option when applications require a wide 
tuning range and better phase noise than VCOs can 
provide. Q-factors are in the 500 to 1000 range. YIG 
oscillators are signifi cantly bigger and more expensive 
than VCOs and they are typically seen in higher per-
formance systems like test equipment requiring a wide 
tuning range and low phase noise.

DRO

DROs are single-frequency oscillators that operate 
with a TM or TE electromagnetic resonance in a cyl-
inder of high dielectric material. In a coaxial resonator 
oscillator (CRO), this high dielectric material is in a small 
coaxial cylinder. The material options range from larger 
dielectric pucks with high Q-factors to smaller, lower Q 
pucks for different applications and temperature sta-
bilities. Unlike VCOs, they are single-frequency devices 
that are typically coarse-tuned mechanically and fi ne-
tuned electrically for phase locking. DRO-based devic-
es are about the size of a YIG but provide better phase 
noise performance at signifi cantly lower operating cur-
rents. DROs are a good high performance option for 
architectures where fi xed LOs drive ADCs and DACs. 
Q-factors can be around 1000, although phase noise 
varies greatly between manufacturers and models.

100. While this option has the lowest performance, it 
offers the best SWaP-C solution and the performance is 
often “good enough.”

YIG

Yttrium iron garnet (YIG) material enables wide tun-
ing, high Q, magnetically-tuned oscillators. The materi-
al resonates in the 3 to 10 GHz range and this range can 
be made wider if the material is doped. The resonance 
is directly proportional to a magnetic fi eld. These oscil-

 Fig. 6  8 GHz oscillator phase noise comparison to Saetta 
LabsÕ SLCO.
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careful design considerations are needed to achieve 
the highest performance possible while still being able 
to accommodate SWaP-C requirements. This article 
has discussed oscillator phase noise and stability con-
cerns along with the advantages and disadvantages of 
quartz, IC, VCO, YIG, DRO and newer SLCO technolo-
gies for designing and manufacturing oscillators that 
will become essential as direct conversion techniques 
move higher in frequency.

ACKNOWLEDGMENTS

Thank you to David Guidry at Texas Instruments for 
providing data and helpful conversations on driving 
high frequency DACs and ADCs.

References
1.  T. Galla, “Selecting Phase-Locked Oscillators for Frequency Syn-

thesis,” Microwave Journal, Vol. 62, No. 9 Supplement, Septem-
ber 2019.

2.  D. Leeson, “Oscillator Phase Noise: A 50-Year Review,” IEEE 
Transactions on Ultrasonics, Ferroelectrics and Frequency Con-
trol, August 2016.

3.  RF, RFIC and Microwave Theory, Design, RFIC, Web: www.ieee.li/
pdf/essay/phase_noise_basics.pdf.

4.  L. Geller, “Characterization of Additive Phase Noise in Microwave 
Amplifiers,” Microwave Journal, Vol. 64, No. 1, January 2021.

5.  J. Breitbarth and J. Koebel, “Additive (Residual) Phase Noise 
Measurement of Amplifiers, Frequency Dividers and Frequency 
Multipliers,” Microwave Journal, Vol. 51, No. 6, June 2008.

6.  J. Emmerich and H. Rudolph, “The Importance of Crystal Oscil-
lators with Low Phase Noise,” Microwave Journal, Vol. 66, No. 4, 
April 2023.

Sapphire Oscillators

Sapphire oscillators are relatively new to commercial 
applications. They operate as an electromagnetic de-
vice, like a DRO, but they use a different material and 
mode of resonance. The resonator material is sapphire 
and the resonance is called a whispering-gallery mode. 
The mode was named for the acoustic resonance in St. 
Paul’s Cathedral in England, where the acoustic waves 
from a whisper travel around the perimeter of the circu-
lar hall with almost no attenuation. In a circular shape, a 
whispering-gallery mode can travel on the inside of two 
dielectric boundaries with near-perfect reflection. This 
removes the metallic losses inherent in DROs and cavity 
oscillators, improving the Q-factor from 10× to 100×. 
The only loss mechanism is the dielectric loss of the sap-
phire, which is extremely low. Sapphire oscillators have 
Qs around 100,000, which are like quartz but operate 
fundamentally at X-Band. These microwave oscillators 
have the lowest available noise performance but they 
are the largest solution and they do require power for 
thermal control like an OCXO. These constraints make 
these oscillators more expensive.

SUMMARY

Direct microwave conversion capabilities in the X-
Band and above frequency range are expanding system 
design capabilities. The low phase noise performance 
of the new generation of DACs and ADCs spotlights 
the need for increasingly stringent clock performance 
requirements. In addition to improvements in materials, 
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 dBm  2.0:1 
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

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

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

OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No. Model No. Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
 CA01-2110  CA01-2110 0.5-1.0  0.5-1.0     28    28 1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 

3.0 MAX, 2.5 TYP 
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

+20 dBm  2.0:1 

3.5 MAX, 2.8 TYP 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERSULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWRFreq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR

5.0 MAX, 3.5 TYP 
LIMITING AMPLIFIERS
Model No. Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWRFreq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR

+/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWRFreq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:130 dB MIN  2.0:1

30  3.0 MAX, 2.0 TYP +18    MIN 
LOW FREQUENCY AMPLIFIERS
Model No. Model No. Freq Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR(GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1+20 dBm 2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.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.Visit our web site at www.ciaowireless.com for our complete product offering.



started in December 2023, is focused on developing 
platforms with agnostic autonomy features.

RTX Works with AMD to Develop Next-Gen 

Multi-Chip Package

R
aytheon, an RTX business, has been awarded 
a $20 million contract through the Strategic 
and Spectrum Missions Advanced Resilient 

Trusted Systems (S2MARTS) consortium to develop a 
next-generation multi-chip package for use in ground, 
maritime and airborne sensors. 

Under the contract, Raytheon will package state-of-the-
art commercial devices from industry partners like AMD 
to create a compact mi-
croelectronics package 
that will convert RF en-
ergy to digital information 
with more bandwidth and 
higher data rates. The 
integration will result in 
new system capabilities 
designed with higher per-
formance, lower power 
consumption and reduced weight. 

“By teaming with commercial industry, we can in-
corporate cutting-edge technology into Department 
of Defense applications on a much faster timescale,” 
said Colin Whelan, president of advanced technology 
at Raytheon. “Together, we will deliver the first multi-
chip package that features the latest in interconnect 
ability, which will provide new system capabilities to our  
warfighters.”

This multi-chip package will be created with the lat-
est in industry-standard die-level interconnect ability, en-
abling individual chiplets to reach their peak performance 
and achieve new system capabilities in a cost-effective 
and high performance way. It is designed for compatibility 
with Raytheon’s scalable sensor processing requirements.

Chiplets from commercial partners will be integrated 
onto a Raytheon-designed and fabricated interposer by 
its 3D universal packaging domestic silicon manufactur-
ing process in Lompoc, Calif. This award will be man-
aged by the National Security Technology Accelerator 
and administered by the Naval Surface Warfare Center 
Crane Division in Indiana.

First Flight Test for New AMRAAM-ER 

Variant

R
aytheon, an RTX business, and Kongsberg 
Defence & Aerospace, with support from 
the Norwegian Ministry of Defense (MoD) 
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DARPA’s REMA Program to Add Mission 

Autonomy to Commercial Drones

C
ommercial drone technology is advancing 
rapidly, providing cost-effective and robust 
capabilities for a variety of civil and military 

missions. DARPA’s Rapid Experimental Missionized 
Autonomy (REMA) program aims to enable a drone to 
autonomously continue its predefined mission when 
connection to the operator is lost. The program is fo-
cused on constantly providing new agnostic drone au-
tonomy capabilities for transition in one-month inter-
vals to outpace adversarial countermeasures. REMA 
progressed from program announcements to contract 
awards in just 70 business days.

“REMA is the demonstrator for rapid ideation and 
tech development,” said Dr. Lael Rudd, REMA program 
manager. “The five performers under contract are work-
ing as a conglomerate without firewalls to create com-
mon solutions to achieve the program goals.”

As small aerial vehicles play increasingly important 
military roles on the battlefield, REMA will render inef-
fective adversaries’ electromagnetic countermeasures 
intended to disrupt communication links between op-
erator and drone to abort missions and cause crashes.

“REMA is focused on 
creating autonomous 
solutions to maximize ef-
fectiveness of stock com-
mercial and small military 
drones on the battle-
field,” said Dr. Rudd. 
“Through creating an 
autonomy adapter that 
works with all commer-
cial drones, regardless of 
manufacturer and by de-

veloping mission-specific autonomy that is constantly 
refreshed and easy to upload prior to a mission, we aim 
to give drone operators the advantage in fast-paced 
combat operations.”

The 18-month, single-phase program is divided into 
two technical areas: 1) A drone autonomy adapter inter-
face and 2) mission-specific autonomy software. REMA 
will be able to agnostically detect the drone type when 
connected and apply autonomy to increase the drone’s 
capability. REMA will be completed in development cy-
cles starting at three-month intervals and accelerating 
to one-month intervals, to repeatedly provide new and 
improved autonomy for direct transition.

Contracts for the drone autonomy adapter interface 
technical area have been awarded to Anduril and RTX. 
Contracts for the mission-specific autonomy software 
technical area have been awarded to Leidos, Northrop 
Grumman and SoarTech.

The first development cycle, or “spiral challenge,” 

“Creating autonomous 

solutions to maximize 

effectiveness of stock 

commercial and small 

military drones on the 

battlefield.”

 “Collaboration will 

accelerate the delivery 

of microelectronics 

packaging for military 

systems.”
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and Armed Forces, successfully completed a flight test 
of an updated AMRAAM®-Extended Range missile 
variant from a National Advanced Surface-to-Air Missile 
System (NASAMS). The successful flight test showcases 
the increased capabilities of the upgraded AMRAAM-
ER.

This latest AMRAAM-ER variant is a first-of-its-kind 
configuration incorporating the guidance section of 
the AIM-120 C-8. It also incorporates a more robust 
10-in. rocket motor from Nammo and a 10 in. Con-
trol actuator system from Kongsberg Defence & Aero-
space, branded the Norwegian Propulsion Stack, for 
which the Norwegian MoD has been a collaborative 
partner.

“Integrating this new technology into the AMRAAM-
ER ensures the advanced capabilities of the surface-
launched munition for many years to come,” said Paul 
Ferraro, president of air and space defense systems at 
Raytheon. “Agile software upgrades will continue to 
advance AMRAAM to stay ahead of evolving threats.”  

The testing included a test firing, during which the 
missile flew a preprogramed flight path to verify safe 
egress from the NASAMS launcher and missile perfor-
mance.

The AMRAAM-ER is designed to be integrated with 

the NASAMS launcher for increased air defense protec-
tion, intercepting targets with the increased range and 
altitude of a non-extended range AMRAAM.

NASAMS, a highly adaptable medium-range air de-
fense solution, is jointly developed and produced by 
Raytheon and Kongsberg Defence & Aerospace. Draw-
ing on decades of experience, industrial cooperation 
and significant investment made by all three parties, 
this new cooperative arrangement will grow the capa-
bilities of NASAMS to ensure it keeps pace with ever-
evolving complex threats.
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• +21 dBm P
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• 28 dB gain
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+10 to +15V 
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Medium Power Amplifier
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tively covering the interior space. Though unconfirmed 
officially by Tesla, recent news suggests that their cy-
bertruck is equipped with in-cabin radar modules for 
occupant monitoring, including functions such as child 
presence detection and seat belt reminders.

Similar to radar modules, 3D ToF cameras also find 
application in occupant monitoring. 3D ToF cameras 
operate by utilizing near-infrared illuminators like LEDs 
or vertical cavity surface emitting lasers (VCSELs), in 
conjunction with image sensors. However, privacy con-
cerns surround the use of cameras, even though some 
suppliers assert that they can address this issue by either 
blurring people’s faces or storing data solely onboard.

An additional limitation of 3D ToF cameras is that, 
unlike in-cabin radar modules, they are unable to detect 
people or objects through obstacles. Furthermore, due 
to their reliance on computer vision technology, cam-
eras necessitate intricate algorithms and recalibration, 
introducing technical complexity to their implementa-
tion. Despite these drawbacks, some suppliers are ac-
tively working to address privacy concerns and improve 
the overall capabilities of 3D ToF cameras for occupant 
monitoring in automotive applications.

As of now, 3D ToF cameras are more widely adopted 
for occupant monitoring systems and have advanced 
features compared with radar modules. However, by 
comparing the costs and functions of radar modules 
and 3D ToF cameras, IDTechEx believes there are po-
tential opportunities for radar modules. 3D ToF cam-
eras are adopted in the Li Auto L9, BMW iX and the new 
ARCFOX αS series, where radar modules are expecting 
adoption in Tesla and Volvo.

Global 6G Connections to Reach 290M in 

the First Two Years of Service

A new study from Juniper Research predicts 
there will be 290 million connections glob-
ally by 2030, the year after its initial expected 

launch in 2029.
To achieve this early growth, the report cautions op-

erators that they must solve various technological chal-
lenges, including the issue of network interference aris-
ing from the use of the high frequency spectrum.

This use of high frequency spectrum in 6G will be the 
key enabling technology to provide throughput speeds 
100x greater than current 5G networks. However, as 
cellular technologies have never used spectrum bands 
in this range before, the most pressing concern for op-
erators is minimizing network interference, or the risk of 
interference, creating an unreliable 6G network.

To achieve this, the report urges operators to invest 
in reconfigurable intelligent surfaces (RIS), a technology 
that will mitigate the impact of interference from large 
obstacles, including buildings, on network services. This 

Radar Modules and ToF Cameras for  

In-Cabin Sensing

W
ith the shift toward electric vehicles, end-
users are becoming less concerned about 
traditional differentiators like engine horse-

power and are placing greater emphasis on smart in-
terior functions. This trend is compelling automotive 
original equipment manufacturers to invest more effort 
in enhancing interior features, thereby adding greater 
value to their products and distinguishing them from 
other vehicles. IDTechEx’s latest research, “In-Cabin 
Sensing 2024-2034: Technologies, Opportunities and 
Markets,” compares 3D time-of-flight (ToF) cameras 
with mmWave radar solutions.

Driven by regulations such as Euro NCAP, driver 
monitoring systems (DMS) have gained significant trac-
tion and have transitioned from a luxury feature to a 
new norm. As of 2024, most DMS use 2D near-infrared 
(NIR) cameras. Due to their relatively low costs, they are 
anticipated to be increasingly adopted, emerging as 
the dominant enabling technology for DMS. For auto-
motive OEMs to further set themselves apart from com-
petitors, advanced features such as gesture control, 
child presence detection and seat belt detection are 
also expected to gain momentum, especially in mid- to 
high-end vehicles. Currently, the 3D ToF camera stands 
out as the most widely used technology for DMS, while 
some automotive OEMs, such as Volvo and Tesla, are 
incorporating in-cabin radar modules.

Radar has played an important role in advanced 
driver assistance systems for over two decades. Utiliz-
ing radio waves with a frequency-modulated continu-
ous wave coding system, radars can accurately measure 
the distance and relative velocity of objects within their 
field of view. However, historically, radar modules have 
predominantly been employed for exterior sensing 
rather than interior applications.

As of 2023, according to Tesla’s website, the in-cabin 
radar operates within a frequency range of 60 GHz to 
64 GHz, falling within the license-free industrial, scien-
tific and medical band. The detection distance of these 
radar modules typically ranges from 0.4 to 2 m, effec-

Visit mwjournal.com for more commercial market news.
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ToF vs. Radar (Source: IDTechEx)
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is accomplished by purposefully reflecting and refract-
ing 6G mobile signals to enable data packets to move 
around physical obstacles.

As 6G standards become clearer in 2025, RIS tech-
nology must become an immediate priority for devel-
opment. However, the report warns that given the wide 
geographical areas of some 6G networks, operators 
must implement AI to monitor and adjust RIS configura-
tions in real-time to maximize the technology’s benefits.

Research author Alex Webb remarked, “Initial 6G 
coverage will occur in the most densely populated 
geographical areas to serve as many users as possible. 
Therefore, RIS technology will be key to providing a 
valuable 6G service to both consumer and enterprise 
customers in the first few years of network operation.”  

Distributed Antenna System Revenue to 
Surpass USD$36B by 2028

A
ccording to a new report from ABI Research, 
distributed antenna system (DAS) revenue 
is expected to grow at a compound annual 

growth rate of 20 percent from 2022 to 2028 to reach 
over US$36 billion. This rapid growth is driven by the 
rising demand for reliable in-building wireless perfor-

mance across verticals such as sports venues, hospitals, 
airports and more.

“DAS solutions allow for increased wireless capacity 
and coverage and have become increasingly popular 
in recent years as the demand for wireless connectiv-
ity in crowded spaces grows,” explained Larbi Belkhit, 
research analyst for 5G, 6G and Open RAN. “Reliable 
in-building wireless performance has become almost 
mandatory; therefore, this technology is expected to 
continue to have strong adoption growth.”

In Asia-Pacific alone, DAS revenue in sports venues 
is expected to more than double from US$1.6 billion 
in 2022 to US$5.9 billion in 2028. DAS deployments in 
spaces like stadiums, retail and hospitals enable visitors 
to enjoy seamless 5G experiences. Furthermore, Active 
DAS revenue in Europe is expected to more than double 
from US$701 million in 2022 to US$1.5 billion in 2028. 
Active DAS is a cost-effective approach to meeting large 
venues’ growing 5G and IoT connectivity demands.

“With neutral hosts becoming increasingly impor-
tant, DAS is a key enabling technology that can allow 
signals to be effectively distributed across challenging 
indoor environments,” Belkhit concluded. “The enter-
prise cellular market is going to see DAS as a way of 
meeting connectivity requirements, further driving the 
growth of DAS deployments and revenue opportunities 
in the future.”
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MERGERS & ACQUISITIONS
Cadence Design Systems Inc. announced it has en-
tered into a definitive agreement to acquire BETA CAE 
Systems International AG, a leading system analysis 
platform provider of multi-domain, engineering simula-
tion solutions. The addition of BETA CAE’s proven tech-
nologies and talent will accelerate Cadence’s Intelligent 
System Design™ strategy by expanding its multiphys-
ics system analysis portfolio and enabling entry into the 
structural analysis segment, unlocking a multi-billion-
dollar incremental TAM opportunity. Under the terms 
of the definitive agreement, Cadence will pay approxi-
mately $1.24 billion for the transaction, with 60 percent 
of the consideration to be paid in cash and 40 percent 
to be paid through the issuance of Cadence common 
stock to current BETA CAE shareholders.

Iridium Communications Inc., a leading provider of 
global voice and data satellite communications, an-
nounced that it had entered into an agreement to ac-
quire Satelles Inc., a leader in highly secure satellite-
based time and location services that complement 
and protect GPS and other GNSS-reliant systems. The 
service, named Satellite Time and Location (STL), is an 
easy-to-adopt, highly secure solution that increases the 
efficiency and reliability of timing systems for digital 
infrastructure like 5G base stations, data centers and 
other critical infrastructure and protects against GNSS 
vulnerabilities using low-cost hardware that doesn’t 
require outdoor antennas. This acquisition continues 
Iridium’s philosophy of investing in differentiating tech-
nologies uniquely suited to its network that significantly 
outperform competing solutions.
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IN MEMORIAM
Kenneth L. Carr, 92, passed away peacefully on Feb-
ruary 16, 2024, at Riverwoods in Durham, Maine. Born 
February 15, 1932, in Cambridge, Mass., he was the 
recipient of the 2022 Microwave Pioneer Award from 
the IEEE’s Microwave Theory and Techniques Society 
(MTT-S) and was an IEEE life member. Carr developed 
electrical devices for radar systems used by the mili-
tary to spot enemy submarines, land fighter planes on 
aircraft carriers and guide missiles. Carr also invented 
a device to help NASA monitor the re-entry of space 
capsules during Project 
Mercury and created an 
electromagnetic switch 
that allowed a radar sys-
tem on a U.S. spy plane 
to take high-resolution 
images of Russian mis-
sile sites in Cuba.

COLLABORATIONS
Anritsu and ASUS have announced a partnership to 
validate the latest wireless communications standard, 
IEEE 802.11be (Wi-Fi 7) 320 MHz performance testing. 
This series of tests utilizes the Anritsu Wireless Con-
nectivity Test Set (WLAN Tester) MT8862A in Network 
Mode and the ASUS ROG Phone 8 series smartphones. 
The IEEE 802.11be standard incorporates innovative 
technologies, including a 320 MHz bandwidth, 4096 
QAM modulation and multiple RUs, which require 
comprehensive evaluation of RF performance. Anritsu’s 
Wireless Connectivity Test Set (WLAN Tester) MT8862A 
is designed to measure the TRx RF performance of IEEE 
802.11a/b/g/n/ac/ax/be (across 2.4 GHz, 5 GHz and 6 
GHz bands) WLAN devices.

ATIS’ Next G Alliance and the 6G Industry Associa-
tion, the private member of the EU Smart Networks and 
Services Joint Undertaking, announced the publication 
of the “EU-US Beyond 5G/6G Roadmap,” a major first 
step in affirming the two regions’ commitment to collab-
orating in the development of 6G networks. The docu-
ment results from a request for the two organizations to 
provide an interim, joint, aligned 6G industry roadmap 
made during the fourth ministerial meeting of the EU-US 
Trade and Technology Council (TTC), which took place in 
Luleå, Sweden, on May 31, 2023. The collaborative input 
to the roadmap will be considered for inclusion in a TTC 
6G “shared vision” being established by the US and EU 
governments.

Parallel Wireless, a leader in Open RAN and Green-
RAN™ platform hardware-independent solutions, an-
nounced a partnership with SOLiD, a leader in distribut-
ed antenna systems for indoor mobile telecom systems, 
delivering greater flexibility to cellular service providers. 
This newly forged partnership will allow service provid-
ers to dramatically reduce their solution footprint and 
operating costs by reducing complexity, price, required 
real estate and power consumption, which can now be 
reduced by more than 80 percent. Deploying indoor 
wireless sites constitutes an intricate and costly aspect 
within any network operator. Across shopping malls, 
hospitals, underground trains or stadiums, the deploy-
ment typically spans vast and complex parameters.

OWT Global, a services and solutions provider for 
C5ISR, UxS and Air Domain Awareness & Defense so-
lutions, and Echodyne Corp., the radar platform com-
pany delivering high performance commercial-off-the-
shelf (COTS) radars, announced a strategic relation-
ship to develop and bring to market next-generation 
situational awareness solutions across OWT Global’s 
portfolio. Echodyne’s ultra-low size, weight and power 
radars offer electronically scanned array performance 
at COTS price points that radically expands situational 
awareness capabilities across deployed forces and as-
sets. Integrated into OWT Global’s advanced intelligent 
sensing as a service platform, the precision radar data 
improves end-to-end system performance.

For up-to-date news briefs, visit mwjournal.comFor More
Information

Around the Circuit
Barbara Walsh, Multimedia Staff Editor





Around the Circuit

OQ Technology and Round Solutions GmbH signed 
a strategic partnership to enable the two parties to 
sell and promote each other’s products and services in 
global satellite standard 3GPP NTN NB-IoT connectivity 
for machines and devices in remote and rural areas. The 
two companies will work together to cross-market their 
products and services, test OQ modules and devices 
and integrate them into both companies’ solutions and 
promote that in the DACH region, and provide early 
access to new products and services such as the IO-
GATE. OQ Technology is a front runner in providing 
global LEO 5G narrowband IoT connectivity through its 
nanosatellite constellation, the group already has eight 
satellites in orbit, with more to be launched soon.

NEW STARTS

Signal Hound announced it is expanding its physical 
presence by doubling the footprint at their southwest 
Washington headquarters by 11,000 square feet. The 
decision to expand operations is a result of Signal 
Hound’s recent growth and the additional necessity for 
increased capacity for current and future needs. Earlier 
this year, Signal Hound officially assumed occupancy of 
the raw space, which is the other half of the building 
in which the company currently resides. In 2023, Signal 
Hound officially added the SP145 14.5 GHz Real-Time 
Spectrum Analyzer to its high performance line of spec-
trum analyzers and is planning to launch several new 
products in the coming years.

ACHIEVEMENTS

Kymeta Corporation announced the U.S. Patent 
and Trademark Office awarded Kymeta two U.S. pat-
ents. The first patent is related to the cooperation of 
a SD-WAN edge appliance and a satellite terminal, 
enabling users to engage in concurrent or switched 
satellite and cellular communications. The second pat-
ent is related to an electronically steered array antenna 
operating across multiple satellite networks in multiple 
modes (e.g., concurrent mode, switched mode, etc.). 
These achievements demonstrate Kymeta’s continued 
thought leadership in the marketplace as the satellite 
communications industry evolves into a multi-orbit, 
multi-network ecosystem.

CONTRACTS

Mercury Systems Inc. announced that it received a 
five-year, $243.8 million, indefinite delivery/indefinite 
quantity contract to deliver rapidly reprogrammable 
electronic attack training subsystems for the Naval Air 
Warfare Center Weapons Division. These subsystems 
build on more than 25 years of test and training tech-
nology from the Mercury Processing Platform to bring 
the most advanced, near-peer jamming and electronic 
warfare capabilities to U.S. pilot training organizations. 
The most effective way to prepare pilots and aircrews 
for real-world combat environments is through training 
scenarios that represent near-peer threat capabilities to 
the greatest possible extent.
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Quantic Wenzel has been selected to engineer and 
manufacture key electronic assemblies for Northrop 
Grumman’s AN/SLQ-32(V)7 SEWIP Block 3 Program. 
The program is the third in a series of incremental up-
grades that adds an electronic attack capability to the 
AN/SLQ-32 electronic warfare system to defend ships 
against anti-ship missiles. Northrop Grumman chose 
Quantic Wenzel for the multi-year program in part be-
cause of the company’s expertise in high performance 
solutions. 

Planet Labs PBC announced its fully owned subsidiary, 
Planet Labs Federal Inc., was awarded a seven-figure 
contract by the Naval Information Warfare Center Pa-
cific for vessel detection and monitoring over key ar-
eas of interest throughout the Pacific. The project will 
integrate both Planet’s daily, global PlanetScope data 
and high-resolution SkySat data into the Department of 
Transportation’s SeaVision platform, a web-based mari-
time situational awareness tool. The contract includes 
a fusion of technology from SynMax, a longtime Planet 
partner, who will provide vessel detection using their 
analytics technology over Planet data.

PEOPLE

Reticulate Micro Inc., a defense tech-
nology company, appointed Amit 
Shrestha as chief financial officer 
(CFO), effective March 1. As CFO, 
Shrestha oversees the company’s fi-
nance strategy with an emphasis on 
fiscal discipline and accountability 
while serving as a strategic advisor on 	S Amit Shrestha

global growth strategy. Shrestha joins 
Reticulate Micro following a 20-year career at Microsoft 
Corporation, where he led finance and digital transfor-
mation in strategic regions in both Latin America and 
the Greater China Region, as well as serving as CFO of 
the company’s U.S. Public Sector business.

mmTron Inc., a high performance 
semiconductor company helping un-
leash the mmWave frontier, has ap-
pointed Steven Layton as vice presi-
dent of sales. With over 30 years’ ex-
perience in the microwave and 
mmWave industry, Layton brings a 
breadth of knowledge and depth of 
expertise to this role. His 	S Steven Layton

career spans iconic companies such 
as Avantek, Litton and Endwave, with roles ranging 
from applications to sales. Before joining mmTron, he 
served for seven years as the chief operating officer 
(COO) of KG Technologies, where he was responsible 
for switching solutions for energy management. He re-
branded the company and grew revenue and profitabil-
ity, combining his skills in strategic vision and opera-
tions.

Quadsat, a specialist provider of unmanned aerial vehi-
cle-based RF measurement solutions, has appointed 
Karina Bergstrøm Larsen as its new chairman of the 
board. Larsen joins Quadsat with a rich and proven 
background in the satellite industry, having founded 
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and scaled her own successful company before  
orchestrating a triumphant exit to 
Honeywell Aerospace. Larsen is now 
an independent consultant for satel-
lite and aerospace, as well as putting 
her time into mentoring and encour-
aging girls to follow a career in STEM. 
Larsen’s appointment comes as  

	S Karina 
Bergstrøm Larsen

Torben Frigaard Rasmussen transi-
tions from his role as chairman, follow-
ing his instrumental role in securing a 

significant Series A funding round of €9 million for 
Quadsat last year.

Sivers Semiconductors AB an-
nounced that its subsidiary, Sivers 
Semiconductors Inc., has appointed 
Dr. Bami Bastani as U.S. executive 
chairman and has been nominated as 
the chairman of the board of directors 
of Sivers Semiconductors AB. Dr. 

	S Dr. Bami Bastani
Bastani joined Sivers’ team as strate-
gic advisor to the board and the man-

agement team in August 2023. He brings over 42 years 
of semiconductor industry experience, most recently as 
senior vice president at GlobalFoundries and Global-
Foundries’ board member at the Global Semiconductor 
Alliance. Prior to GlobalFoundries, Dr. Bastani held 
president, CEO and board member positions at Meru 
Networks, Trident Microsystems and ANADIGICS. He 
brings over 20 years of serving on the boards of direc-
tors of public and private companies.

REP APPOINTMENTS

Insulated Wire Inc. introduced Altaix Electrónica as its 
new representative for Spain and Portugal. Altaix is an 
ideal addition to Insulated Wire’s European sales team, 
being an engineering focused group with significant ex-
perience in RF and microwave design.

Electro Rent announced a distribution agreement with 
VIAVI Solutions. This agreement enables Electro Rent 
to sell new VIAVI test instruments in North America, 
including fiber optics, optical transport, antenna and 
wireless field equipment. Therefore, Electro Rent cus-
tomers are now able to purchase new VIAVI equipment 
for their testing needs, in addition to the rental, and 
used purchase options for VIAVI equipment already 
available through Electro Rent. 

Complete Probe Solutions Inc., a U.S.-based manu-
facturer of fully automatic wafer probers, announced its 
appointment as the U.S. distributor for Gel-Pak’s new 
Gel-Probe product line. The Gel-Probe product line en-
compasses enhanced probe tip cleaning and polishing 
solutions designed for semiconductor wafer test ap-
plications. Gel-Pak has reentered the elastomer-based 
probe tip cleaning market with the full support of CPS. 
Its enhanced Gel-Probe line currently includes the Gel-
Probe ReMove and Gel-Probe ReFine products.
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A Vibration-Compensated  
OCXO with Digital PLL &  
Aging Compensation
Mehran Mossammaparast, Patrick Mullin, Nikki Quinn and Mike Sawicki
Quantic Wenzel, Austin, Texas

O
ven controlled crystal oscillators 
(OCXOs) are deployed in a vari-
ety of applications where the g-
sensitivity of piezoelectric crystals 

plays a significant role in the overall system 
performance. These devices are used in 
communication, navigation, timing, radar 
and quantum computing applications to 
generate high spectral purity and stable pri-
mary frequency references. Developing new 
techniques to mitigate and minimize OCXO 
frequency source degradation is critical to 
advancing the state-of-the-art sensitivity and 
accuracy demanded by rapid technological 
advancements across scientific, commercial 
and defense industries. This article will pres-
ent an oscillator that achieves a significant 
reduction in the dynamic phase noise of a 
compact crystal oscillator.

Equipment operating in the aerospace 
environment can experience any number of 
challenging dynamic vibration environments 
with a range of intensities and frequencies. 
These vibrations have many causes. They 
may arise from aircraft features like propel-
lers, jet engines or rotors. The vibrations 
may also be the result of interaction with the 
atmosphere in response to turbulence and 
maneuvers. They may also be caused by ter-
restrial operations like take-off, landing or 
launch and finally, there may be extra-ter-
restrial micro vibrations while the platform 
is in orbit. The phase noise degradation ex-

perienced in these environments can range 
from micro-vibration levels experienced in 
a spacecraft due to altitude or spin thruster 
controllers to vibration levels as high as 0.02 
g2/Hz with grms = 4.4 g. Regardless of the 
magnitude of the vibration, OCXO degrada-
tion can easily cause system degradation.

The effects of vibration are also influenced 
by the location of the equipment, whether it is 
inside or outside of the aircraft, along with how 
the equipment is sheltered. The equipment it-
self can also contribute to the vibration profile 
because of its mass, materials or mechanical 
components, such as cooling fans. Dynamic 
vibration degradation created by the environ-
ments just described will typically manifest 
in the OCXO output as a frequency shift, el-
evated spurious signal levels and higher phase 
noise. As the OCXO performance degrades, 
radar range resolution, navigation receiver 
performance or electronic warfare system per-
formance may also degrade.

OCXOs can also provide good short-term 
stability and clean frequency references for 
atomic frequency standards, whether the 
standards use Rb,1 Cs or Hydrogen maser 
atomic clocks.2 By locking the OCXO refer-
ence to atomic resonance, the short-term 
stability of the reference is combined with 
the long-term stability of the atomic reso-
nance. This stability enables the fundamen-
tal laws of physics to be tested in settings 
that require extreme levels of precision and 
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MITIGATION OF OSCILLATOR 

VIBRATION

Over the past 40+ years, Quantic 
Wenzel has developed a variety of 
methods to counteract vibration-
induced signal degradation. Tra-
ditional techniques such as crystal 
selection, passive mechanical iso-
lation and bootstrapping have be-
come mainstays in low phase noise 
designs for dynamic environments. 
Quantic Wenzel’s latest develop-
ments in active vibration compensa-
tion, when used alone or in combi-
nation with traditional techniques, 
are enabling further improvement in 
the state-of-the-art phase noise per-
formance during vibration.

A standard approach to mitigate 
the effects of vibration-induced 
phase noise in oscillators is to use 
passive mechanical dampers or iso-
lators that have a low natural fre-
quency. Examples of this technique 
include wire rope isolators and 
compounded elastomeric shock 
mounts. Depending on the quan-
tity and damping characteristics of 
the isolators and shock mounts, the 
size of the oscillator package may 
increase.

Additionally, the resonant fre-
quency of the vibration-isolated 
mass can introduce signal degrada-
tion. To mitigate this effect, Quan-
tic Wenzel has devised a modular 
payload system that can adjust this 
resonance using different combina-
tions of base metals, shock mount 
configurations and extra masses.

However, active vibration com-
pensation enables real-time detec-
tion and compensation of crystal 
acceleration sensitivity over a wid-
er range of vibration frequencies. 
Quantic Wenzel has developed 
analog and digital active compen-
sation techniques to address these 
active vibration-compensation chal-
lenges. These techniques are being 
implemented across a wide range 
of induced environmental condi-
tions. They enable the selection of 
an optimal solution that accommo-
dates size, weight and power con-
siderations.

accuracy.
In the Square Kilometer Array 

(SKA) and next-generation Very 
Large Array (ngVLA) radio astron-
omy science projects, the precise 
time and frequency distribution is 
of significant concern. In the SKA 
project, an H-maser clock needs to 
be distributed by fiber and then re-
covered at each dish site to achieve 
the required frequency stability and 
phase noise performance. This syn-
chronized frequency signal needs 
to be distributed to hundreds of 
receivers in a star-shaped topol-
ogy. To support astronomical ob-
servations, the coherence require-
ments demand short-term phase 
stability of better than 1 × 10-12 at 
τ = 1 sec intervals.3 High-stability, 
phase-locked OCXOs are required 
between H-masers at transmit and 
receiver sites.

Similarly, autonomous vehicles 
that use frequency-modulated con-
tinuous wave radars present chal-
lenges. The frequency accuracy and 
stability of the reference clocks play 
essential roles in determining the 
accuracy and probability of moving 
target detection.4 Unless vibration-
induced noise caused by road condi-
tions, vehicle acceleration or braking 
is accounted for, the vibration-in-
duced noise can create OCXO fre-
quency or phase shifts and this will 
likely degrade the performance of 
the vehicle’s radar receiver.

ACCELERATION-INDUCED 

CRYSTAL OSCILLATOR PHASE 

NOISE

It is well-known5 that when a 
crystal oscillator of frequency, f0, is 
subjected to random acceleration, 
its resonant frequency shift, ∆f, is 
proportional to the magnitude of 
acceleration and dependent on 
the direction of that acceleration. 
This frequency shift can be written 
as a vector dot product as shown in 
Equation 1:
f

f
1)

0

= Γ (¥
�

α

where Γ⃗ and α⃗ are the accelera-
tion sensitivity and the peak applied 
acceleration vectors, respectively.

As a result, the associated single 
sideband (SSB) power spectral density 
of phase fluctuations, expressed in dB, 
can be determined as in Equation 2:
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the system. Passive isolators may 
also be added for improved perfor-
mance if space permits. The VXO 
payload may also “learn” its aging 
characteristics when locked to an 
Rb or Cs standard. This allows for 
a long-term holdover time that is 
useful when the external reference 
is disconnected or lost. A proto-
type incorporating this technique is 
shown in Figure 1. This unit is built 
and tested using 0.3E-9/g crystal 
sensitivities, indicating an effective 
sensitivity per axis of 0.3E-11/g from 
8 Hz to 1 kHz.

Figure 2 shows the static (PN) 
and dynamic (DPN) SSB phase noise 
results from an OCXO using active 
vibration-compensation techniques 
when subjected to a random vibra-
tion profi le of 0.002 g2/Hz from 8 Hz 
to 1 kHz. Repeated dynamic phase 
noise measurements indicate a con-
sistent improvement of 20 dB for all 
axes from 10 to 100 Hz and greater 
than 15 dB improvement from 100 
to 1000 Hz. When combined with 
a passive isolation system, this im-
provement becomes signifi cant 
even above 100 Hz.

Similarly, Figure 3 shows the Al-
lan Deviation plot of PN and DPN 
results for an 80 MHz active vibration-
compensated VXO that has been 
subjected to 0.002 g2/Hz random 
vibration. In this case, the real-time, 
active vibration-compensation tech-
niques are very effective in reducing 

MICROCONTROLLER-BASED 

VIBRATION COMPENSATION

A recent development at Quan-
tic Wenzel uses a microcontroller-
based, vibration-compensated 
OCXO called a VXO. This VXO com-
bines an active, low phase noise, vi-
bration-compensated ovenized os-
cillator and a multi-stage multiplier 
with a sub-Hz digital phase-locked 
loop that is locked to a high-stability 
atomic-based reference. This ap-
proach includes a low phase noise 
OCXO and it combines active and 
passive vibration-compensation 
techniques in a mixed-signal design 
to achieve broad frequency range 
compensation in multiple applica-
tions. The microcontroller circuitry 
consumes less than 150 mA and 
can accurately estimate the com-
plex conjugate of the vibration-
induced phase noise. The circuitry 
can cancel the noise in real-time, 
in effect becoming the “brain” of 

 Fig. 1  VXO payload module.

 Fig. 2  OCXO static and dynamic phase noise with active vibration compensation.
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are as follows:
• Effective g-sensitivity of less than 

0.3E-11/g
• Size of 4 × 3 × 1 in.
• Includes digital PLL, aging com-

pensation and ×30 multipliers
• Automatic calibration of all 

3-axes in production
• Vibration compensation of more 

than 20 dB
• Available in a passively vibration-

isolated or hard-mounted single 
module or a 3U VPX plug-in 
module with multiple low and 
high frequency outputs.
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the vibrations in the 0.01 to 1 second 
range. These techniques can be de-
ployed in a host of systems, providing 
critical performance improvements in 
different vibration environments. Ty-
ing this all together, the VXO payload 
has been integrated into a VPX mod-
ule and into a ruggedized ATR chassis 
as shown in Figure 4.

CONCLUSION

This paper presented some of 
the challenges and solutions that 
led to the development of a com-
pact multiplied crystal oscillator with 
active and passive vibration com-
pensation. Using these techniques, 
the crystal sensitivity has been re-
duced by a factor of 100. The per-
formance improvements achieved 

 Fig. 3  VXO static and dynamic phase noise with active vibration compensation.
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 Fig. 4  Ruggedized conduction-
cooled ATR chassis. 
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The Sky is The Limit for Open-
Field and Live-System RF Testing
Dr. Don Goodeve
SixArms/RadioCode Inc., British Columbia, Canada

Jason Schreiber
SixArms, Queensland, Australia

T
esting antenna systems 
in a realistic deployment 
environment presents 
many challenges. While 

highly-controlled laboratory-based 
methods remain critical in the de-
sign, development and quality con-
trol of RF systems, the deployment 
environment is the ultimate arbiter 
of performance. In addition, tradi-
tional testing approaches can en-
counter significant constraints when 
testing large, high-power systems 
or in installations where there is the 
potential for complex interference 
between systems components.

This article discusses the advent 
of drone-based radio measure-
ment systems. It will explore the 
challenge of transforming versa-
tile, lightweight drone platforms 
into high performance radio testing 
platforms. Their rapid movement 
and precise 3D positioning can 
allow open-field and in-situ test-
ing to be utilized where traditional 
techniques are unavailable and/
or cost-prohibitive. A case study 
exploring the use of practical com-
mercial drone-based measurement 
technology will be presented, dem-
onstrating the effectiveness of this 
approach.

The modern environment con-
tains a profusion of radio technolo-
gies. Innovation is rapid and the 
need to be able to evaluate new an-
tenna designs and installations ef-
fectively and quickly is pressing. The 
goal is to accurately characterize the 
performance of an antenna system 
that can be expected in a real-world 
environment.

IDEAL MEASUREMENT 

ENVIRONMENT

The ideal is to remove all outside 
influences from the measurement of 
an antenna system. To perform such 
measurement requires a shielded 
environment that is fully imped-
ance-matched with free space, en-
suring that all that is measured is the 
antenna system itself. Once such 
measurements are obtained, the 
impact of real-world influences can 
be superimposed to approximate 
expected real-world performance.

Open-Field Measurements

An open-field measurement site 
may provide many of the features 
required, however proximity to the 
ground causes coupling, which 
must either be eliminated or fully 
accounted for in measurements.1 A 
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clear advantage of this approach is 
that measurements may be made 
at a sufficient distance that far-field 
performance is measured directly. 
The addition of suitably designed 
rotation/translation equipment 
makes scanning possible, however 
careful design is required to elimi-
nate the artifacts that make such 
equipment expensive. Exposure to 
the elements introduces variability 
that can be challenging to control 
and account for, except in stable, 
hot desert environments.

Chamber-Based Measurements

To address the limitations of 
open-field testing, controlled en-
vironments integrating impedance 
matching (reflection absorbing) ma-
terials to approximate open-field 
performance, along with the device 
under test (DUT) and measurement 
antennas enable high-quality pre-
dictive measurements.2 Limitations 
of such environments are size and 
the associated cost of developing 
and maintaining these resources. 
The use of smaller, portable cham-
bers begins to address the issues 
of cost and maintenance. However, 
the size limit creates additional con-
straints, such as the need to operate 
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duced, these platforms had signifi -
cant sampling speed and frequency 
range performance constraints, but 
these limitations have been ag-
gressively addressed in subsequent 
generations. Current devices offer 
full traceable calibration and can 
cover frequency ranges from 9 kHz 
to 40 GHz, exploiting high speed 
communications such as USB 3 and 
gigabit Ethernet to realize perfor-
mance that directly competes with 
traditional integrated measurement 
platforms. A representative sample 
of offerings is presented in the refer-
ences.9-11 Typically, these SCR plat-
forms have a dynamic range better 
than 90 dB, noise fi gure better than 
-154 dBm/Hz, low phase noise and 
excellent image rejection.9

Drone Compatibility

A limitation of drone platforms 
is the available payload weight and 
power supply performance. Any 
measurement mission will require 
suffi cient autonomy to perform the 
required measurement sweep in a 
single fl ight. Fortunately, recent in-
novations have delivered high per-
formance, low-weight, low-power 
SCR packages that are compatible 
with current drone technology.9,11

Compute Platforms

Single-board computers based 
on Intel and ARM architectures are 
widely available. They are both 
lightweight and have low power 
demands, providing suffi cient sup-
port for suitable SCRs while not 
exceeding feasible drone payload 
constraints. Single-board compute  
platforms can also integrate signifi -
cant processing through multi-core 
CPUs and inexpensive low-power, 
high speed storage using solid-
state drive technology such as con-
temporary M.2-type units with high 
capacity and excellent write perfor-
mance.

SOFTWARE

Leveraging these component 
technologies to provide a complete 
measurement solution requires the 
addition of various software com-
ponents that are briefl y outlined 
below.

Data Capture

The APIs for SCRs are diverse; 
standards such as VITA49.112 do 

at a low cost.

Enabling Technologies

An ideal, freely-positioned mea-
surement device can be approxi-
mated using modern rotor-based 
drone technology and low-cost, 
high performance, headless soft-
ware-controlled radio receivers. An 
example of this technology is shown 
in Figure 1.

Drone Platforms

Early drone platforms experi-
mented with several confi gurations. 
Typical attributes of modern drone 
platforms that can be used for this 
type of operation are:5-8

• A quadcopter confi guration that 
is typically 85 to 100 cm in diam-
eter

• 1.5 kg payload capacity
• 20 to 30 W available payload 

power supply
• 30-minute fl ight time
• Direct communication from the 

fl ight controller to the payload is 
available

• Automatic waypoint generation 
and fl ight control.

Headless Software-Controlled Radio 
Platforms

Disruption to traditional radio 
measurement has arisen in the form 
of high performance headless pro-
grammable radio platforms or soft-
ware-controlled receivers (SCRs). 
Utilizing modern design techniques, 
these devices boast performance 
comparable to high-end integrated 
measurement equipment. However, 
they lack a purpose-built user inter-
face because they require the use 
of a host computer to provide an 
application solution like traditional 
spectrum analysis. When fi rst intro-

in the near-fi eld, derive the approxi-
mate far-fi eld performance and the 
limited size of the DUT.

Freely-Positioned Measurement 
Devices

Open-fi eld measurement is an 
attractive approach. However, a key 
problem arises when measuring the 
radiated fi eld if the required mea-
surement scope exceeds the pa-
rameters of any purpose-designed 
measurement range. If it were pos-
sible to measure the radiated fi eld 
at any position, in any orientation 
and at any distance around an an-
tenna, then a new space of possible 
measurement approaches would 
become available.

In-Situ Measurements

The ultimate arbiter of perfor-
mance is how antennas perform 
in the application environment, 
whether they are mounted on a 
tower, a ship, an airframe or any 
other application where installa-
tion location, installation faults and 
other interfering equipment will 
contribute to system performance. 
These environments are also not 
ideal, with factors like obstructions, 
refl ections and weather infl uencing 
the system behavior.3 These infl u-
ences are approximated in system 
design, but real-world surprises still 
abound, leading to unexpectedly 
poor performance. The diagnosis 
of and solution for these issues 
requires in-situ measurement. Cur-
rent techniques for this are limited 
to utilizing ground-based anten-
nas up to approximately 10 meters 
above the ground or commercial 
helicopters with their attendant 
complexity and cost. Standards for 
such measurements have been de-
veloped.4

DRONE-BASED 

MEASUREMENTS

The remainder of this article ad-
dresses the use of modern drone 
technology to both provide for an 
expansion of the open-fi eld testing 
approach and to offer, for the fi rst 
time, a means to provide high-qual-
ity in-situ diagnostic measurements 
during normal system operation 
across a wide variety of antenna sys-
tem applications. The aim is to pro-
vide this test capability rapidly and 

 Fig. 1  Integrated drone-based 
measurement platform.
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not enjoy signifi cant support. De-
spite this apparent limitation, the 
task of programming data capture, 
even for diverse device types, is 
straightforward, as API design has 
evolved toward ease of use. Most 
SCR APIs5,6 provide for both swept 
spectrum capture and time-domain 
(IQ) capture with fl exible parameter 
programming utilizing modern host 
languages like C++ and Python. 
For both measurement modes, 
the state-of-the-art capture rates 
achieved by feasible drone payloads 
can be extremely high; on the order 
of 20 GHz/sec scan rate for spectral 
capture at 10 kHz RBW and up to 40 
MHz for continuous IQ capture. The 
expectation is that these fi gures will 
only improve with time.9-11 These 
levels of performance imply cap-
tured data rates on the order of 100 
MB/sec. A single 30-minute fl ight 
could theoretically generate on the 
order of 200 GB of data.

Data Fusion

The SCR and compute platform 
will provide IQ or swept-spectra ra-
dio data correlated with time. The 
fl ight control system utilizes refer-
enced GPS and it provides highly 
accurate position data with centi-
meter resolution correlated with 
time.5-8 Combining these data 
streams provides the calibrated ra-
dio measurement data, accurately 
positioned in space and time, that 
are of critical importance.

The required spatial resolution is 
a constraint that must be accounted 
for in such a fusion of data. Consid-
eration must be taken for the cap-
ture rate for the required data, ver-
sus the programmed spatial track-
ing speed of the drone platform. 
Once a measurement pattern is de-
termined, software can provide the 
constraints required for fl ight path 
planning. In practice, this does not 
signifi cantly constrain drone track-
ing speed.

In-Flight Processing

While it is feasible to capture all 
the data from a fl ight, a more so-
phisticated measurement approach 
will typically be utilized to maximize 
effi ciency. Where a complex instal-
lation is being measured, there may 
be multiple disjointed bands of in-
terest. A single “tuning” may not 

capture all the required data and if 
this occurs, dynamic switching be-
tween measurement bands may be 
required. Multiple antennas may be 
required to capture all the data and 
this requires more sophisticated se-
quencing.

Data compression is another rea-
son for using in-fl ight processing. 
While it may be feasible to capture 
all the data from a fl ight, transfer-
ring that data to a host platform 
may require considerable time to 
facilitate post-processing. Instead, 
a hybrid approach can be used that 
captures a subset of full-bandwidth 
data to allow measurement verifi ca-
tion, while abstract measurements 
like channel RSSI, along with pulse 
rise and fall times can be recorded 
for the full measurement sequence.

Level Adaption

Signal level optimization is an ad-
ditional challenge that is normally 
accounted for by a technician in a 
controlled measurement environ-
ment. Signal capture platforms 
have a fi nite, constrained dynamic 
range. Most SCR platforms provide 
programmable signal path gain/at-
tenuation to optimize the available 
dynamic range for the best signal 
fi delity for the measurement be-
ing made. Utilizing dynamic adap-
tion managed during collection by 
fl ight software ensures that signal 
quality is maximized while trading 
off against capture performance. A 
versatile approach allows different 
techniques to be chosen for dif-
ferent measurement tasks to allow 
exploitation of this trade-off. These 
techniques include one-off initial 
calibration, adaptive/tracking or 
continuous recalibration for rapidly 
changing or intermittent signals.

Report Generation

Accurate, position-correlated 
measurement is essential, but it is 
not suffi cient to produce an effec-
tive measurement platform. A clear 
advantage of the headless pro-
grammable SCR approach is that 
all the measurement information 
is directly available on a general-
purpose computing platform where 
it may be rapidly processed into 
relevant information for the user. 
Such processing is even possible 
during fl ight, utilizing a telemetry 

link to deliver early reporting. This 
reporting demonstrates that the 
measurement mission is proceeding 
as intended and it allows real-time 
operator decisions to optimize the 
use of fl ight time. Once a drone has 
landed, all the data can be rapidly 
downloaded to a host, facilitating 
complete report generation. This 
method realizes an integrated, 
high-quality, system-measurement 
solution that does not require a high 
degree of operator expertise.

CASE STUDY: IN-SITU 

BROADCAST ANTENNA 

MEASUREMENT

The ability to measure systems 
in-situ in normal operation and ob-
tain extensive, accurate diagnostic 
data at a low cost enables system 
qualifi cation at installation and pro-
active ongoing maintenance. This 
case study utilized a drone platform 
with radio measurement payload 
and test antennas, like that shown 
in Figure 2.

Measurement Setup

To examine the target broadcast 
system antenna, a standard fl ight 
plan4 was designed to ensure ad-
equate coverage of the expected 
antenna pattern at the anticipated 
output power level. Note that in a 
measurement scenario, a signifi cant 
amount of calibrated attenuation 
may need to be added to the sig-
nal path from the measurement an-
tenna to ensure the maximum input 
power of the SCR is not exceeded. 
Before launch, a suitable test an-
tenna confi guration is selected and 
connected to the in-fl ight measure-
ment SCR. The antenna and cable 
setups are calibrated before deploy-
ment and on an ongoing basis. The 
drone platform is then programmed 
for the required fl ight plan and the 
telemetry link from the drone SCR 
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 Fig. 2  Example drone platform.
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measurement platform is confi rmed to be operational. 
The measurement fl ight path, showing data collection 
segments in green and intervening drone transit paths 
in red, overlayed on a perspective image of the test lo-
cation is shown in Figure 3.

The fl ight plan consists of a series of vertical climb/
descent sections used to determine the elevation of the 
main beam of the antenna at a suitable measurement 
distance. These are then followed by a 360-degree or-
bital sweep on the measured elevation of the antenna 
main beam at this radius. During this capture, received 
signal power is integrated over the bandwidth of one of 
the active antenna broadcast channels. Note that mul-
tiple channels can be measured within a single fl ight, if 
required.

Results

This section shows the results from the measurement 
fl ight path. Figure 4 shows the elevation pattern for an 
antenna determined by a vertical scan at the center of 
the discovered main beam. Figure 5 shows the telem-

 Fig. 3  Measurement fl ight path.

 Fig. 4  Measured elevation pattern.
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output is close to what is expected, 
but the antenna directional output 
is approximately 30 degrees off the 
designed azimuth. This error led to 
a violation of the broadcast license 
by the operator and poor system 
performance in the desired recep-
tion area.

Other issues can be identifi ed 
from similar measurements. Figure 
7 illustrates sweep results identify-
ing manufacturing defects and Fig-
ure 8 illustrates the effects of com-
plex structural interference with the 
designed antenna output profi le.

Direct measurement of deployed 
and active antenna systems deliv-
ers valuable engineering data. The 
cost-effectiveness and speed with 
which standardized drone-based 
measurements can be performed 
transform this type of measurement 
from a reactive diagnostic tool to an 
installation and proactive mainte-
nance tool for system designers and 
installers.

FUTURE DIRECTIONS

First-generation systems have 

etry link that allows real-time display 
of collected data to validate the in-
fl ight decision-making to optimize 
collection time.

Figure 6 shows the measured 
antenna output as a solid line, ver-
sus the designed pattern shown 
in the dashed line. It is clear from 
this measurement that the antenna 

 Fig. 6  Polar plot of signal strength 
from a 360-degree orbital sweep on 
antenna main beam.
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provided the ability to measure 
signal strength in space and pro-
vide useful data on fi xed antenna 
systems for broadcast-type appli-
cations. This covers a wide applica-
tion space in terrestrial broadcast, 
cellular and public safety markets. 
These systems have largely relied 
on spectral-type measurements 
and straightforward signal strength 
determinations from one or more 
drone-mounted antennas.

Second-generation systems are 
integrating more sophisticated abili-
ties to process time-domain signals 
enabling the evaluation of, for exam-
ple, pulsed radar systems. The addi-
tion of more advanced demodula-
tion software on the fl ight platform 
enables deeper characterization 
of signals. These characterizations 
include things like the complex im-
pacts of multi-path, fading and sig-
nal distortion.

Additional opportunities will 
arise in applications that value the 
ability to obtain high-quality, spa-
tially accurate measurements at a 
low cost. These applications may in-
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surement. The exploitation of this 
approach is in its infancy as a com-
plement to traditional measurement 
and system diagnostic techniques. 
It is exciting to be at the forefront 
of this innovative approach and to 
participate in a revolution in radio 
systems measurement. For the fu-
ture of radio systems measurement, 
the sky truly is the limit.
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clude aviation navigation aids such 
as Localizer/Glideslope and VOR. 
For these applications, traditional 
measurement and characterization 
approaches are highly time-con-
suming and expensive.

CONCLUSION

Modern drone platforms com-
bined with evolving high perfor-
mance programmable receivers 
combine to open a new range of ap-
proaches to antenna systems mea-

 Fig. 7  Manufacturing errors impact 
omnidirectional radiation pattern.
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The frequency selective surface (FSS) has been the subject of extensive research for the last three 

decades. An FSS acts like a bandpass or bandstop filter at microwave frequencies. Extensive 

research has been done on bandwidth enhancement and the decrease of insertion loss, for 

example, but this work has been done mainly on planar FSSs. Very little work has been done 

on curved FSSs. The design of a dual-layer curved cylindrical FSS with the sharp roll-off and flat 

bandpass properties described here can reduce interference and increase channel capacity in a 

communication system.

T
he FSS is a spatial filter in the ra-
dio frequency range. It comprises 
a periodic arrangement of identical 
elements in a 1D or 2D array. Patch 

and aperture are two fundamental types. A 
vast amount of research has been done on 
planar FSSs because a unit cell of an infinite 
array can be used for the analysis and com-
prehensive study of the entire structure. The 
same approach cannot be taken for a curved 
structure as its extrapolation from a single 
unit cell is not possible because, for certain 
incident fields, element currents and scat-
tering from the edges of the curved surface 
diverge significantly.1 Hence, the curved FSS 
is a mathematically complex structure and is 
difficult to analyze.

While wide bandwidth is the basic re-
quirement for high speed communications, 
roll-off plays an important role in reducing 
noise and interference during the transition 
from the passband to the stopband. Good 

roll-off has been documented with aperture-
type planar FSSs having Archimedean spiral 
and annular ring elements.2-4 Wideband and 
multiband aperture-type planar FSSs have 
been reported. A flat passband response 
with high roll-off has been achieved.5,6

A bandpass planar FSS with a square slot 
exhibited 2.7 GHz bandwidth with left and 
right roll-offs of 7.33 dB/GHz and 30 dB/
GHz, respectively.7 A polarization-insensi-
tive FSS was designed using a square unit 
cell loaded with two pairs of ring slots and 
one split-ring slot pair.8 The structure dem-
onstrated good transmission characteristics 
within the passband with a steep roll-off. 
These planar structures are excellent candi-
dates for high performance passband FSSs 
and can be designed easily. The task of 
achieving high performance with sharp roll-
off, wide bandwidth and low insertion loss, 
however, is not easy to realize in a curved 
structure, as the nature of the transmission 
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tric annular rings of different radii 
are periodically arranged in a metal-
lic screen to confi gure both layers of 
the aperture. Aluminum foil paper is 
used as a metallic sheet and air is 
the dielectric. The periodicity of the 
FSS is 29 mm in both vertical and 
horizontal directions. An air gap of 
7.6 mm between the two layers is 
determined to be optimum. The 
structure is simulated using Ansys 
HFSS. The two planar layers of the 
composite FSS are shown in Figure 
2.

The dual-layer semi-cylindrical 
aperture-type FSS is designed, 
keeping the dimensions of the el-
ements and periodicity like that of 
the designed planar structures. The 
radii of the inner layer and outer lay-

curve entirely depends on the FSS 
element, the lattice and the degree 
of surface curvature.

The properties of curved FSSs 
have been studied using basic el-
emental structures like tripoles, 
circles and others.9-11 A design with 
a tripole element,9 resulted in re-
duced bandwidth for a curved struc-
ture as compared to a planar FSS. 
A sandwich radome wall investiga-
tion was carried out using a double 
square loop FSS structure.12 The 
conformal FSS resulted in enhanced 
bandwidth and high roll-off, howev-
er, no experimental validation was 
provided.

A spherical dome-shaped FSS 
with a radius of 50 mm demon-
strated wideband performance but 
with a poor roll-off.13 The study of 
a single-layer hemispherical FSS 
with a novel-shaped element dem-
onstrated a wide band response 
with an approximate roll-off of 9 dB/ 
GHz,14 while a double-layer ring slot 
planar and curved FSS exhibited a 
good bandpass response over a 
large angle of incidence.15

This article describes the design, 
simulation and measurement of a 

dual-layer semi-
cylindrical curved 
FSS with concentric 
annular ring ele-
ments. The struc-
ture provides a 
wide passband re-
sponse in X-Band. 
It can be used as a 
bandpass fi lter with 
45 percent band-
width which is al-
most the same for 
planar and curved 
structures. It dem-
onstrates that an 
FSS can be de-
signed to work on 
a curved surface 
and achieve a wide 
bandwidth, low 
insertion loss and 
sharp roll-offs at 
both band edges.

DESIGN

Figure 1 shows 
the unit cell of a 
dual-layer aper-
ture-type planar 
FSS. Two concen-

 Fig. 1  FSS unit cells: Layer 1 [R1 = 
5.5, R2 = 8.75, R3 = 10 and R4 = 14 mm] 
(a), Layer 2  [R5 = 6, R6 = 8.25, R7 = 10 
and R8 = 14 mm] (b).

R4

29.7 mm

29.7 mm

R2

R3

R1

R8

29.7 mm

29.7 mm

R6

R7

R5

(a)

(b)

 Fig. 2  FSS layers: Layer 1 (a) and Layer 2 (b).
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 Fig. 3  Semi-cylindrical FSS: front 

view (a) and side view (b).

(a)

(b)

 Fig. 4  Fabricated FSS layers: Layer 1 
(a) and Layer 2 (b).

(a)

(b)
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er of the semi-cylinder are 100 and 
107.6 mm, respectively, maintaining 
the optimized planar air gap of 7.6 
mm. The length of the semi-cylinder 
is 310 mm. The dimensions of the 
semi-cylinder are limited, as simula-
tion of the curved FSS requires high 
computational resources.

Two views of the fi nal dual-layer 
semi-cylindrical curved FSS design 
are shown in Figure 3. The design 
and simulation are done in Altair 
CADFEKO simulation software. The 
fabricated FSSs are shown in Fig-
ure 4. The measurement of both 
the planar and curved structures is 
done using a standard microwave 
test bench (see Figure 5).

RESULT AND DISCUSSION

A parametric study of the planar 
structure varies the air gap between 
the two layers (see Table 1). The 
simulated optimal value of insertion 
loss is about 0.3 dB for the 7.6 mm 
air gap. Hence, further study is done 
using 7.6 mm. The transmission char-
acteristic of dual-layer planar structure 
with that air gap is shown in Figure 6.

Good bandpass performance is 
demonstrated experimentally for the 
planar FSS in the frequency range of 
6.7 to 10.7 GHz. Insertion loss is low 
with a -10 dB bandwidth of 4 GHz 
(45.96 percent). The planar structure 
exhibits a sharp roll-off of 45 dB/GHz 
(left) and 73.33 dB/GHz (right). The 
experimental result is in good agree-
ment with the simulation. A compari-
son of the planar structure’s perfor-
mance with other reported work is 
shown in Table 2. It exhibits a wider 
bandwidth and sharper roll-offs on 
both band edges.

Results for the dual-layer semi-

TechnicalFeature

 Fig. 5  Measurement setup: planar FSS (a) and curved FSS (b).

(a) (b)

TABLE 1 

PLANAR FSS PARAMETRIC STUDY RESULTS

Air Gap Between 
FSS Layers (mm)

Left Roll-Off
(dB/GHz)

Insertion Loss (dB) Right Roll-Off 
(dB/GHz)

6 39 0.7 16.67

7.6 45 0.3 73.33

8 49.02 0.9 35.05
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cylindrical fi nite 
curve structure are 
shown in Figure 
7. The two layers 
of semi-cylindrical 
curved FSSs are 
assembled with 
an air gap of 7.6 
mm. Measure-
ments of the struc-
ture demonstrate 
a wide passband 
of 4.2 GHz for 
a 45.16 percent 
bandwidth. It has 
a good bandpass property with a low insertion loss. Roll-
off at the lower band edge is 16.66 dB/GHz and roll-off 
at the higher band edge is 32.09 dB/GHz. The sharp roll-
off achieved by the curved structure increases its selectiv-
ity. Good agreement between simulated and measured 
results is observed. A comparison with recent results re-
ported for curved FSSs is shown in Table 3, demonstrat-
ing the highest percentage bandwidth and the sharpest 
roll-offs.

CONCLUSION

Performance of the dual-layer semi-cylindrical ap-
erture-type curved FSS described here is shown to be 
better than other recent work, while also being near-

 Fig. 6  Planar FSS |S21|.
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TABLE 2

PLANAR FSS PERFORMANCE 

COMPARISON WITH OTHER REPORTED WORK

Reference -10 dB 
Bandwidth

(GHz)

Left
Roll-Off

(dB/GHz)

Right
Roll-Off

(dB/GHz)

2 1.9 9.05 14.20

5 3 4.8 43

6 2.7 7.33 30

8 - 24.54 17.5

15 - 3.66 9.2

This Work 4 45 73.33

 Fig. 7  Curved FSS |S21|.
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ly the same as the planar structure.9,12,13 Achieving a 
wideband performance with low passband insertion 
loss and sharp roll-offs in a curved structure is the key 
accomplishment of this work. Because its conformal 
structure is easily integrated onto complex surfaces, 
such as ogives, it is suitable for use in the design of sub-
reflectors and radomes.
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TABLE 3

CURVED FSS PERFORMANCE 

COMPARISON WITH OTHER REPORTED WORK

Reference Bandwidth 
(Percent)

Left Roll-Off 
(dB/GHz)

Right Roll-Off 
(dB/GHz)

9 32.55 8.5 10

13 23.74 4.37 2.5

14 - 8.98 -

This Work 45.16 16.66 32.09





Capitalize on Full-Wave 
Electromagnetic Simulations 
with 3D EM Component Models
Chris DeMartino
Modelithics Inc., Tampa, Fla.

T
o meet the needs of appli-
cations that require small 
form factors, it may be nec-
essary to build circuits with 

surface-mount components that are 
densely packed onto a printed cir-
cuit board. In these scenarios, an 
additional challenge is that compo-
nents located close to one another 
may also interact with each other. 
Unfortunately, these coupling in-
teractions cannot be captured by 
simulations that include equivalent-
circuit models for the components. 
However, it is possible to capture 
these coupling interactions by using 
3D models in a full-wave 3D electro-
magnetic (EM) simulation.

This article explains the benefi t of 
using 3D EM simulations combined 
with 3D models for designs where 
components are located close to 
each other. Performing such a sim-
ulation allows for a more accurate 
prediction of the actual perfor-
mance of these designs. To illus-
trate this point, two case studies are 
presented: a design in which com-
ponents are separated by a consid-
erable distance and another design 
in which components are located 
close together. The analysis is car-
ried out by performing planar EM/
circuit co-simulations using Ansys®
Electronics Desktop and 3D EM 
simulations using Ansys® HFSS™. 
All component models used in the 

examples are included in the Mod-
elithics® COMPLETE+3D Library.

MODELITHICS MICROWAVE 

GLOBAL MODELS, 3D 

GEOMETRY MODELS AND 3D 

BRICK MODELS

The Modelithics COMPLETE+3D 
Library is a collection of models for 
components from many popular 
vendors. Included in this library are 
Microwave Global Models™, which 
are measurement-based equiva-
lent-circuit models for capacitors, 
inductors and resistors.1 These 
models capture parasitic effects and 
scale for part values, substrates and 
solder-pad dimensions.

The Modelithics 
COMPLETE+3D Li-
brary also includes 
a collection of 3D 
Geometry Models 
for components 
like inductors, ca-
pacitors, fi lters and 
packages.2 These 
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 Fig. 1  Simplifi ed bandpass fi lter schematic.
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 Fig. 2  Bandpass fi lter layout where components have ample spacing.
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models are based on physical di-
mensions and material properties 
and are intended for use in full-
wave EM simulations. The benefi t of 
these 3D models is that they enable 
designers to predict the effects of 
coupling that may arise when com-
ponents are located close to other 
components or objects.

Finally, the Modelithics 
COMPLETE+3D Library also includes 
what are known as 3D Brick Mod-
els™ for multi-layer ceramic capaci-
tors (MLCCs).3 A 3D Brick Model is a 
simplifi ed approximation of a capac-
itor’s physical geometry. However, 
these models alone do not account 
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capacitor(s) to allow for a complete 
3D EM simulation.

Case Study 1: Filter Without 
Component Spacing Constraints

For the following analysis, 
lumped-element bandpass fi lter 
designs will be examined. The to-
pology used for the fi lter designs 
shown here is known as the equal 
shunt legs topology. This topology 
is available as a selection in Ansys 
NuHertz¨ FilterSolutions (ANFS), 
which is a tool that enables users to 
synthesize various types of fi lters.4

In the case of lumped-element 
fi lters, FilterSolutions lets users 
choose from different topologies, 
including classical, equal inductors, 
equal shunt legs, high/lowpass and 
others.

Figure 1 shows a simplifi ed sche-
matic of the fi lters that will be pre-
sented in this case study. The fi rst 
example considers the case where 
there is a considerable amount of 
space between components. Fig-
ure 2 shows the layout of the fi lter 
with a total length of about 0.929 
in. Note that the substrate used is 
0.004 in. thick Rogers RO4350B 
material. The TDK MLG0603P se-
ries and the Passive Plus 0201N se-
ries, both of which come in a 0201 
size, are used for all inductors and 
capacitors, respectively. Modelithics 
offers Microwave Global Models for 
both part series. Finally, Table 1 lists 
the values of all the inductors and 
capacitors. For this example, the 
targeted center frequency is about 
1.5 GHz.

The analysis begins by perform-
ing a planar EM/circuit co-simula-
tion using Ansys’ 2.5D Method of 
Moments (MoM) EM solver to simu-
late the layout shown in Figure 2. A 
schematic must then be created that 
includes the planar EM data prop-
erly connected to the Microwave 
Global Models for the MLG0603P 
inductors and 0201N capacitors. 
This schematic is shown in Figure 3. 
Simulating this schematic produces 
the fi nal planar EM/circuit co-simu-
lation results.

Having discussed the planar EM/
circuit co-simulation method, the fo-
cus turns to the 3D EM simulation. 
The planar EM/circuit co-simulation 
schematic shown in Figure 3 includes 
Microwave Global Models for the 

for internal device 
parasitics. There-
fore, when using 3D 
Brick Models, the 
complete simulation 
process involves 
fi rst performing a 
3D EM simulation 
that includes all 3D 
Brick Models along 
with all 3D Geom-
etry Models, if the 
design also includes 
3D Geometry Mod-
els. This 3D EM 
simulation captures 
any coupling inter-
actions that may 
exist between com-
ponents. The next 
step is to perform 
a 3D co-simulation 
in a circuit sche-
matic. This 3D 
co-simulation in-
corporates the 3D 
EM simulation data 
and combines it 
with the Microwave 
Global Model(s) for 
the corresponding 

TABLE 1

PARTS LIST FOR THE BANDPASS FILTER OF FIGURE 2

Component Part Value Manufacturer Part Number

C1, C7 1.8 pF Passive Plus 0201N1R8AW500

C2, C6 1.4 pF Passive Plus 0201N1R4AW500

C3,C5 1.1 pF Passive Plus 0201N1R1AW500

C4 3.6 pF Passive Plus 0201N3R6AW500

L1, L7 4.2 nH TDK MLG0603P4N2BT000

L2, L6 6.2 nH TDK MLG0603P6N2ST000

L3, L5 3.7 nH TDK MLG0603P3N7BT000

L4 0.9 nH TDK MLG0603P0N9BT000

 Fig. 3  Filter layout planar EM data connected to the Microwave Global Models.

 Fig. 4  HFSS bandpass fi lter design with 3D Geometry 
Models and 3D Brick Models.

 Fig. 5  Schematic used for the 3D co-simulation of the 
bandpass fi lter.

1.4 pF
1.1 pF

1.8 pF

1.8 pF
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1.4 pF
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TDK MLG0603P inductors and Passive Plus 0201N ca-
pacitors. For the TDK MLG0603P inductor series, Mod-
elithics also offers 3D Geometry Models for inductors 
ranging from 0.6 to 120 nH. Modelithics also offers a 3D 
Brick Model for the Passive Plus 0201N capacitor series. 
Figure 4 shows the bandpass fi lter of Figure 2, popu-
lated with the components of Table 1 in Ansys HFSS with 
3D Geometry Models for the TDK inductors and 3D Brick 
Models for the Passive Plus capacitors.

Now, a complete 3D EM simulation is possible by 
fi rst completing a 3D EM simulation in HFSS of the de-
sign shown in Figure 4. The next step is to perform a 
3D co-simulation that includes the data from the 3D EM 
simulation properly connected to the Microwave Global 
Models for the capacitors. The schematic for this model 
is shown in Figure 5. It includes the 3D EM simulation 
data, as the center element, connected to the Micro-
wave Global Models for the capacitors. Simulating this 
schematic produces the fi nal 3D EM simulation results.

To confi rm the measured versus modeled results, the 
bandpass fi lter was built and measured. Figure 6 shows 
the assembled fi lter including the same inductors and 
capacitors from the simulations. Figure 7 shows the re-
sults obtained from the planar EM/circuit co-simulation 
and the 3D EM simulation along with the measured 
data of the fi lter. The solid red trace represents the pla-
nar EM/circuit co-simulation results, while the solid blue 
trace corresponds to the 3D EM simulation results. The 

dashed traces represent the measured 
data of three fi lters.

Figure 7 reveals that the planar EM/
circuit co-simulation and 3D EM simu-
lation produce similar results. A slight 
difference does exist, as the planar 
EM/circuit co-simulation produces 
a frequency response that is shifted 
roughly 40 MHz lower than that pro-
duced by the 3D EM simulation. Figure 
7 also shows how the measured data 
follows the 3D EM simulation results 
more closely than the planar EM/cir-
cuit co-simulation results. Since both 
simulations produce similar results, 
coupling interactions do not appear to 
be signifi cant. While the 3D EM simu-
lation provides a good prediction of 
actual performance, the planar EM/
circuit co-simulation still adequately 
predicts actual performance.

Case Study 2: Filter With Densely 
Packed Components

The next case study analyzes a simi-
lar bandpass fi lter. The major differ-
ence between this fi lter and the one 
analyzed previously is that the compo-
nents are located very close to each 
other in this design. Figure 8 shows 
the layout of this fi lter. In this case, 
the total length is only about 0.361 
in. Note that the same 0.004 in. thick 
Rogers RO4350B substrate is used 
for this design. While this design of-
fers the benefi t of smaller size, it also 
comes with the challenge of greater 
coupling interactions between com-
ponents.

The target center frequency for 
this design is 1.46 GHz. Table 2 
lists the part values of the induc-
tors and capacitors. Again, the TDK 
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 Fig. 7  Simulated and measured S21 of the bandpass fi lter.
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 Fig. 6  One of the (compact) bandpass fi lters that was built 
and measured.

 Fig. 8  Bandpass fi lter layout with densely packed components.
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TABLE 2

PARTS LIST FOR THE BANDPASS FILTER LAYOUT OF FIGURE 8

Component Part Value Manufacturer Part Number

C1, C7 2.7 pF Passive Plus 0201N2R7AW500

C2, C6 2.0 pF Passive Plus 0201N2R0AW500

C3, C5 1.3 pF Passive Plus 0201N1R3AW500

C4 6.8 pF Passive Plus 0201N6R8BW500

L1, L7 4.2 nH TDK MLG0603P4N2BT000

L2, L6 8.2 nH TDK MLG0603P8N2HT000

L3, L5 4.7 nH TDK MLG0603P4N7ST000

L4 1.0 nH TDK MLG0603P1N0BT000





74   MWJOURNAL.COM  APRIL 2024

ApplicationNote

F
a

st
, A

cc
u

ra
te

 &
 T

ra
ce

a
b

le

Now with Ethernet
Power Sensor’s to 75GHz
Choice of Connectors = Best Match  

• PoE for easy connectivity

• Enhance internal security with

  Option MIL or Option SAN 

• Standard SCPI commands

• Development tools include

   Web interface and Interactive IO

• Thermally stable, no drift or user zeroing

• Any signal accuracy - True-RMS

• ISO 17025 &  rst tier traceability

LadyBug Tech,  Boise, Idaho, USA 
707-546-1050  ladybug-tech.com

MLG0603P series and the Passive 
Plus 0201N series are used for all in-
ductors and capacitors, respectively.

The analysis for this case study is 
the same as the previous design ex-
ample. Both a planar EM/circuit co-
simulation and a 3D EM simulation 
are performed as described earlier. 
Figure 9 shows the bandpass fi lter 
in HFSS with 3D Geometry Models 
for the inductors and 3D Brick Mod-
els for the capacitors.

Figure 10 shows the assembled 
fi lter including the inductors and 
capacitors from the simulations. 
Figure 11 shows the simulated and 
measured S21 of this compact band-
pass fi lter. Again, the solid red trace 
represents the planar EM/circuit 
co-simulation results, the solid blue 
trace corresponds to the 3D EM 
simulation results and the dashed 
traces represent the measured data 
of three fi lters. Figure 12 shows 
the simulated and measured S11 of 
the compact bandpass fi lter over a 
DC to 6 GHz frequency range and 
Figure 13 shows the simulated and 
measured S21 of the bandpass fi lter 
over the narrower, 0.5 to 3.5 GHz 
frequency band. In both fi gures, the 
solid red trace represents the planar 

 Fig. 9  HFSS compact bandpass fi lter 
design with 3D Geometry Models and 
3D Brick Models.

 Fig. 10  One of the (compact) 

bandpass fi lters that was built and 
measured.

 Fig. 11  Simulated and measured S21 of the compact bandpass fi lter.
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 Fig. 12  Simulated and measured S11 of the compact bandpass fi lter.
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EM/circuit co-simulation results, the 
solid blue trace corresponds to the 
3D EM simulation results and the 
dashed traces represent measured 
data of three fi lters.

Initially, the targeted center fre-
quency of this fi lter was set at 1.46 
GHz. This goal is met consider-
ing only the planar EM/circuit co-
simulation results. If this were the 
only verifi cation result, the designer 
would conclude that the fi lter de-
sign met the requirements and no 
further action is needed. However, 
as already shown, the measured 
data is noticeably different than 
what the planar EM/circuit co-sim-
ulation is predicting. Specifi cally, in 
comparison to the planar EM/circuit 
co-simulation results, the measured 
data exhibits a reduced bandwidth 
and higher loss throughout much of 
the passband. At the desired center 
frequency of 1.46 GHz, indicated by 
the m1 marker in the plot, the mea-
sured data exhibits poor S11 perfor-
mance.

This analysis demonstrates how a 
designer may be unpleasantly sur-
prised when only relying on a planar 
EM/circuit co-simulation to predict 
the actual performance of a densely 
packed design such as this one. On 
a positive note, the 3D EM simula-
tion results do agree very well with 
the measured data. These results 
demonstrate the need for and ad-
vantage of using 3D models in a 3D 
EM simulation for designs in which 
components are densely packed.

In practice, since the design goal 
is not being met, the fi lter would be 
tuned to achieve the desired per-
formance. This task can be accom-
plished within the 3D co-simulation 
schematic from Figure 5. Recall how 
the 3D co-simulation schematic in-
cludes the 3D EM simulation data 
connected to the Microwave Global 
Models for the capacitors. There-
fore, it is possible to tune the fi lter 
by simply adjusting the values of the 
capacitor models within the circuit 
schematic. Since the 3D EM simu-
lation data is already incorporated 
into the schematic, there is no need 
to perform multiple time-consum-
ing EM simulations.

In this case, the fi lter can be 
tuned to achieve the desired perfor-
mance by adjusting all the capaci-
tor values. Table 3 lists the compo-

 Fig. 13  Narrower band simulated and measured S21 of the compact bandpass fi lter.
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TABLE 3

PARTS LIST FOR THE TUNED COMPACT BANDPASS FILTER

Component Part Value Manufacturer Part Number

C1, C7 3.3 pF Johanson QLCD250Q3R3B1GV001B

C2, C6 1.6 pF Passive Plus 0201N1R6AW500

C3,C5 1.8 pF Passive Plus 0201N1R8AW500

C4 8.2 pF Passive Plus 0201N8R2BW500

L1, L7 4.2 nH TDK MLG0603P4N2BT000

L2, L6 8.2 nH TDK MLG0603P8N2HT000

L3, L5 4.7 nH TDK MLG0603P4N7ST000

L4 1.0 nH TDK MLG0603P1N0BT000
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nents used in this tuned version of 
the compact fi lter design. Figure 14 
shows the simulated and measured 
S21 of the tuned compact bandpass 
fi lter. Figure 15 shows the simulat-
ed and measured S11 of the tuned 
compact bandpass fi lter over the 
DC to 6 GHz range and Figure 16 
shows the simulated and measured 
S21 of the tuned bandpass fi lter over 
the narrower 0.5 to 3.5 GHz fre-
quency band. Once again, the leg-
end for the curves is the same. The 
solid red trace represents the planar 
EM/circuit co-simulation results, the 
solid blue trace corresponds to the 
3D EM simulation results and the 
dashed traces represent measured 
data of three fi lters.

The performance curves in Fig-
ures 14, 15 and 16 illustrate how 
the 3D EM simulation accurately 
predicts the actual performance. 
This time, the design goal is being 
achieved with the measured data 
showing a center frequency of 1.46 
GHz. At 1.46 GHz, the measured 
S11 is lower than -20 dB. The pla-
nar EM/circuit co-simulation results 

 Fig. 15  Simulated and measured S11 of the tuned compact bandpass fi lter.
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 Fig. 14  Simulated and measured S21 of the tuned compact bandpass fi lter.
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lations with 3D models are effective 
for compact designs. Keep in mind 
that 3D models are not intended to 
completely replace equivalent-circuit 
models. Modelithics equivalent-cir-
cuit models like Microwave Global 
Models are very effective in terms of 
predicting actual performance when 
coupling interactions are not playing 
a major role. For densely packed de-

again deviate from the measured 
data. Specifi cally, compared to the 
measured data, the planar EM/cir-
cuit co-simulation produces a wider 
frequency response with poor S11 at 
the low end of the passband.

CONCLUSION

The analysis presented here fur-
ther emphasizes how 3D EM simu-

 Fig. 16  Narrower band simulated and measured S21 of the tuned compact 
bandpass fi lter.
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signs where the effects of coupling 
may be present, 3D models would 
be the preferred choice.
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MIMO Needs FinFET: Key 
Changes for Analog Designers
Gabriele Devita
EnSilica, Oxfordshire, U.K.

5
G terrestrial and satellite 
communications have al-
ready begun to use bands 
in frequency range 2 (FR2), 

with these frequencies ranging from 
28 to 32 GHz. The signal propaga-
tion characteristics and short signal 
wavelengths in these high frequen-
cy bands limit the range of wireless 
communications. RF transceivers 
operating in these bands often rely 
on the integration of MIMO anten-
na systems to meet the link budget 
requirements and mitigate interfer-
ence. For the ASIC designer, this 
means more channels, more radios 
and more digital signal processing.

Fin fi eld-effect transistor (FinFET) 

device technology is becoming im-
portant for large MIMO systems. 
This transistor technology provides 
a high degree of fl exibility while 
enabling digital radio solutions that 
can be based on RF analog-to-digi-
tal converters (ADCs) and digital-to-
analog converters (DACs) that sup-
port multiple standards. Figure 1
shows a typical FinFET architecture.

FinFET construction results in a 
non-planar, 3D FET device. It gets 
the name “FinFET” because the 
source/drain region on the silicon 
surface resembles a fi n. In this archi-
tecture, the gate structure is placed 
on the sides or wrapped around the 
fi n. The advantage of this architec-
ture is that the gate wraps around 
the vertical channel and conduction 
occurs on three sides as opposed to 
traditional planar structures where 
conduction occurs only at the sur-
face of the channel. The increased 
surface area between the gate and 
channel provides better control and 
reduces leakage compared to planar 
FETs. Using the FinFET architecture 
results in better electrical charac-
teristics than planar FETs, like faster 
switching times and higher current 
densities.

Despite the advantages, there 
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 Fig. 1  FinFET construction. Source:
Synopsis.
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are drawbacks to devices that imple-
ment this architecture. One of the 
more important drawbacks is power 
consumption. Figure 2 plots the en-
ergy/conversion-step fi gure of merit 
for high-resolution ADCs published 
in the last decade. It shows that the 
energy-per-conversion increases ex-
ponentially when operating above 
1 GHz. As an example, increasing 
the sampling frequency from 1 to 5 
GHz increases the converter power 
by more than 20×.

Signifi cant power can be saved 
by designing an RF analog front-
end. The benefi t of this technique 
is that it allows the multi-GHz RF 
signal to be down-converted to a 
lower intermediate frequency (IF) 
signal, typically below 500 MHz. 
The transition to the digital domain 
is from these lower IF frequencies 
and this relaxes the constraints on 
the sampling frequency of the data 
converters.

Using FinFET architectures for 
analog design introduces other 
benefi ts. The architecture enables 
compact devices, and it has a high 
Gm and Rout. The subthreshold 
slope of the device is practically 
ideal, characterized by lower leak-
age and the high frequency perfor-
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complexity. This architecture re-
quires 2x to 3x as many masks as 
planar devices require. This makes 
the analog layout complicated and 
slow, due to the large number of 
design rules and process steps. This 
also makes the technology better 
suited for digital place and route 
techniques. These drawbacks com-
plicate the analog layout fl ow, espe-
cially when application performance 
demands 7 nm, or smaller, topolo-
gies. So, what can be done to mini-
mize these challenges?

Here are some guidelines to 

mance is excellent, with peak fT val-
ues of 600 GHz. The PMOS versus 
NMOS β ratio is near a value of one 
and the threshold of the transistor is 
nearly unaffected by the body bias. 
Figure 3a shows a comparison of 
Rout performance for a FinFET de-
vice and a 40 nm planar CMOS de-
vice. Figure 3b shows subthreshold 
current comparisons for the same 
two devices and Figure 3c shows 
the body bias effect for the FinFET 
and CMOS devices.

Another drawback to this ap-
proach is manufacturing cost and 

 Fig. 2  Walden fJ/conversion-step FoM as a function of the ADC frequency.
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make the process of designing ana-
log FinFET ICs easier.

DO NOT MIX DEVICES THAT 

HAVE DIFFERENT DIMENSIONS

To make the chip modular, the 
analog designers should agree to a 
limited set of transistor widths and 
lengths to use for all the circuits. To 
maximize RF performance, these 
unit devices generally implement 
short channel lengths. Whenever 
longer geometries are required, in 
op-amps and mirrors, for example, 
variations on these geometries shall 
be generated via series combina-
tions.

This approach reduces the free-
dom of analog designers, but makes 
the layout more compact. FinFET 
rules discourage mixing devices 
with different width and length val-
ues in the layout because this forces 
the layout engineer to group de-
vices having the same dimensions 
in a single area. Devices with differ-
ent sizes cannot be placed nearby 
and the long interconnects are likely 
to introduce parasitics that will limit 
performance.

USE REPEATABLE PATTERNS

It is easier to deal with the com-
plex FinFET DRC rules if the layout 
engineer keeps the density constant 
and all the devices are laid out with 
fi xed patterns that are interrupted 
with dedicated cut layers. Layout 
regularity ensures predictable ana-
log circuit characteristics. An irregu-
lar layout may cause the manufac-
tured devices to deviate from the 
model.

Figure 4 illustrates how these 
concepts can be applied to size 
power-down circuits in a current 
mirror. In planar geometry, the de-
signer may use minimum-length de-
vices for the power-down transistors 
and logic, along with longer devices 
for the mirror. Using the same ap-
proach with FinFET devices creates 
irregular patterns for critical mask 
layers, like poly and active area. 
The layout engineer is also forced 
to satisfy additional rules controlling 
the spacing of devices with different 
lengths. If the power-down transis-
tors use the same device length 
for the mirrors, the layout becomes 
regular. This maximizes layout effi -

ciency and keeps the density of criti-
cal layers constant. This allows the 
layout engineer to create templates 
that can be reused for multiple ana-
log blocks.

ESTIMATE INTERCONNECT 

PARASITICS FROM THE START

Analog designers generally in-
troduce parasitic extraction only at 
a later stage of the design. They 
are included in schematic simula-
tions only for high speed circuits 
and are limited to sensitive nets 
because resistance is rarely a 
problem. This approach does not 
work with FinFETs. Wiring and 
RC layout-related parasitics are, 
in many ways, the limiting factor 
for performance and these para-
sitics must be considered from a 
very early stage. Metal and via re-
sistance are higher, making them 
more dominant factors than in a 
planar geometry. Running para-
sitic-extracted simulations that do 
not estimate resistance can give 
optimistic results and may result in 
a pointless exercise.

As analog blocks tend to use a 
limited number of transistor geom-
etries, it is recommended to build a 
library of layouts for these devices. 
This library should include low-level 
vias and interconnects. After RC ex-
traction, the resulting sub-cells can 
be used to design analog blocks. 
This will ensure that their RC com-
ponents are included in the simula-
tions from the start.

USE DIGITAL CALIBRATION TO 

CORRECT ANALOG ERRORS

FinFET lithography is extremely 
accurate, which should enable bet-
ter component matching. However, 
the area of the components tends 
to be smaller than in planar geom-
etries. Since device matching is in-
versely proportional to the square 
root of the device area, this can re-
sult in a large offset in comparators 
or a mismatch in mirrors.

Trying to address this problem by 
modifying device dimensions may 
be diffi cult, if not completely unsuc-
cessful. FinFET logic gates are small 
and have low power. Wherever pos-
sible, it is prudent and much cheap-
er to resort to digital calibrations to 
remove matching errors.

CURRENT DENSITY LIMITS THE 

TRANSMITTER OUTPUT POWER

Designers have already faced this 
challenge when working on sub-40 
nm planar geometries. However, 
FinFET skinny metal layers and small 
vias impose even more stringent 
limitations on the maximum current 
density. These layers and vias have 
limited current carrying capability. 
This may force power amplifi er (PA) 
designers to use wider wires and 
increase the transistor width to ac-
commodate the required vias and 
contacts. Depending on the voltage 
levels, designers may also need to 
increase the wire spacing.

Longer wires and larger gate ar-
eas introduce parasitics, making in-
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 Fig. 4  Benefi ts of uniform device sizing.
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to this challenge 
and increase the 
hierarchical levels 
in the design. As 
an example of this 
methodology, Fig-
ure 5 proposes a 
more structured hi-
erarchy for a simple 
Gilbert cell mixer. 
Given the limited 
number of compo-
nents, the whole 
circuit could be 
drawn fl at. Howev-
er, after layout ex-

traction, this choice leads to a large, 
fl at netlist, with limited simulation 
and debugging options.

On the other hand, a more gran-
ular hierarchy like the one shown in 
Figure 5 separates the different sec-
tions of the design based on their 
functionality. Depending on the 
simulation, this gives the designer 
fl exibility to use accurate, fully ex-
tracted views for critical sub-blocks 
while using coarser models for the 
other sections. As a rule of thumb, 
most block-level simulation times 
should be kept under one hour in 
duration. This limits the brute-force 
tests to the fi nal verifi cation stage.

CONCLUSION

FinFET device architectures have 
many advantages for large MIMO 
antenna-based RF systems. The ar-
chitecture enables small, high speed 
digital signal processing to integrate 
into fl exible digital radios. However, 
the expansion of RF applications 
into higher frequency bands means 
that the power consumption per-
formance of RF ADC/DAC-based 
solutions becomes a serious chal-
lenge. One approach to minimize 
this challenge is to design low-pow-
er RF analog front-ends to convert 
the high frequency RF signal to a 
lower frequency IF signal. Realizing 
high performance, cost-effective ap-
proaches for this conversion process 
and circuitry will be of paramount 
importance to the success of these 
systems. Moving to FinFET technol-
ogy represents a drastic change for 
analog designers, but this article has 
presented seven recommendations 
to smooth this transition and facili-
tate high performance FinFET ana-
log circuit design.

terconnects one of the limiting fac-
tors in PA design. The effects of in-
terconnects must be considered in 
conjunction with the usual effi ciency 
and linearity trade-offs. Surprises 
can be avoided by fl oor planning 
the amplifi er early in the design 
phase, even when the desired out-
put power is relatively modest and 
on the order of just a few milliwatts.

HIGH FLICKER NOISE CORNER 

FREQUENCY

Flicker noise in FinFET devices is 
a bigger issue than in planar geom-
etries and the corner frequency in 
this architecture can be as high as 
100 MHz. The impact on noise-sen-
sitive circuits like VCOs, PLLs and 
receiver amplifi ers can be very sig-
nifi cant. The obvious solution to this 
issue is to increase the size of the 
devices. This will reduce the noise, 
but this improvement comes at the 
expense of RF performance. Alter-
natively, some of these issues can 
be resolved at the system level. For 
example, careful receiver frequency 
planning can ensure baseband op-
eration at frequencies above the 
fl icker corner and relax the associ-
ated block-level specifi cations.

SIMULATIONS ARE SLOW

FinFET models are complex, 
which leads to slow simulations. In 
addition, since the parasitic resis-
tance cannot be ignored, most of 
the simulations will be performed 
with an extracted netlist that in-
cludes thousands of components. 
This can result in a brute-force ap-
proach that relies on big servers and 
multi-core simulators to thoroughly 
evaluate and verify the design. 
However, a better recommendation 
is to adapt the simulation strategy 

 Fig. 5  Hierarchy of a Gilbert cell mixer optimized for 
FinFET simulation.
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Microwave and 
Millimeter Wave 
Gain Slope 
Equalizers
Dielectric Laboratories, Inc. 
A Knowles Precision Devices Brand
Cazenovia, N.Y.

PHYSICAL CONSTRAINTS FOR 

BROADBAND OPERATION

Most microwave hardware engineers have 
had the sobering experience of testing a new 
design and not having it look like the model. 
This is particularly true as more applications 
require wideband, high frequency modules. 
These broadband, high frequency modules 
usually have gain roll-off at the high end of 
the band from a combination of inductive 
and capacitive parasitics in the components 
and packages. These parasitic elements cre-
ate gain roll-off and VSWR mismatch losses 
while interconnecting transmission lines and 
other passive components have loss charac-
teristics that increase with frequency.

GAIN EQUALIZERS: THE HISTORICAL 

APPROACH

This issue is typically addressed with a 
gain equalizer. The loss characteristic of 
these devices is positive versus frequency, 
meaning they have more loss at lower fre-
quencies. The overall module will have more 
loss, but more amplifier gain can compen-
sate for this loss. The positive loss slope 
of the gain equalizer is designed to flatten 
the loss characteristic over the entire band. 
Historically, passive gain equalizers have 
utilized a stacked combination of surface-

mount chip resistors and chip capacitors. 
The resulting parallel RC circuit is mounted 
in series across a gap in the microstrip line. 
Stacking the chips minimizes the circuit foot-
print, which helps minimize reflection losses.

Pre-assembled RC circuits work well with 
pick-and-place assembly and reflow meth-
ods. However, typical SMT chip termination 
materials make it difficult to pre-attach the 
resistor and capacitor chips without the con-
nection reflowing and possibly disassem-
bling during the board attachment process. 
The RC chip stack needs to be small, usually 
in 0201 or up to 0402 case sizes, to maintain 
good VSWR performance across electronic 
warfare (EW) bandwidths. Even with all 
these precautions, the actual performance 
of a stacked chip gain equalizer may not be 
as close to ideal performance as a designer 
would like.

A NEW BREED OF GAIN EQUALIZER

Knowles’ Dielectric Laboratories, Inc. (DLI) 
brand gain equalizers employ monolithic 
construction with precision thin film conduc-
tor and resistor films and proprietary high 
dielectric constant ceramics for superior RF 
performance repeatability. Integrated R and 
C values are realized to produce the desired 
gain slope. The AEQ series of equalizers pro-
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CONCLUSION

If you have gain slope issues in microwave mod-
ules, you should consider gain equalizers. Knowles’ 
DLI brand gain equalizers are designed as a small, 
low-cost solution to gain slope challenges. These 
equalizer designs employ a monolithic construction 
with precision thin fi lm conductors and resistor fi lms 
with proprietary high dielectric constant ceramics 
for superior RF performance and repeatability. Com-
ponents are well suited for use with pick-and-place 
equipment. They are available in tape-and-reel pack-
aging for high volume applications.

Dielectric Laboratories, Inc.
A Knowles Precision Devices Brand
Cazenovia, N.Y. 
www.knowlescapacitors.com/Products/
Microwave-Products/Gain-Equalizers

vides solutions for applications ranging from 6 to over 40 
GHz. The gain equalizers have terminations compatible 
with standard SMT or conductive epoxy attachment. This 
series targets EW applications and the gain equalizers 
come in a variety of sizes, as shown in Table 1. The physi-
cal dimensions of the equalizers are defi ned in Figure 1.

Figure 2 illustrates the typical measured performance 
of the series. The AEQ54xx-series operates from 50 MHz 
to 20 GHz, with slopes ranging from 1.0 to 3.5 dB. The 
other entries in Table 1 are typically a little bigger and 
these gain equalizers operate from 50 MHz to 34 GHz, 
with slopes ranging from 0.6 dB to 3.5 dB. The gain 
equalizers are intended to be used in small-signal appli-
cations. Thermal dissipation is a limitation because of the 
small size of the equalizer and the low thermal conduc-
tivity of printed circuit board materials. The dissipated 
power will be greater for lower frequency signals since 
the insertion loss is lower in higher frequency ranges.

 Fig. 1  Gain equalizer physical layout.
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 Fig. 2  Gain equalizer measured performance.
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TABLE 1
KNOWLES’ DLI BRAND MONOLITHIC GAIN EQUALIZERS

Part Number All Dimensions are in mils Nominal 
Slope (dB)Epoxy Solderable L W T Lp Wp G

AEQ2050 AEQ05510 30 ± 2 18 ± 2 5 ± 1 9 ± 1 14 ± 1 8 ± 1 2.25

AEQ2199 AEQ05246 28 ± 2 16 ± 2 7 ± 1 7 ± 1 14 ± 1 12 ± 1 3.5

AEQ2234 AEQ06042 32 ± 2 16 ± 2 5 ± 1 8 ± 1 12 ± 1 12 ± 1 3.25

AEQ3042 AEQ3042 40 ± 2 20 ± 2 6 ± 1 17.5 ± 1 17.5 ± 1 3 ± 1 0.6

AEQ3055 AEQ3055 40 ± 2 20 ± 2 6 ± 1 15.4 ± 1 18.4 ± 1 7.2 ± 1 1.5

AEQ05467 AEQ05467 28 ± 1 16 ± 1 7 ± 1 7 min. 14 ± 1 10 1.0

AEQ05468 AEQ05468 28 ± 1 16 ± 1 7 ± 1 7 min. 14 ± 1 10 1.5

AEQ05469 AEQ05469 28 ± 1 16 ± 1 7 ± 1 7 min. 14 ± 1 10 2.0

AEQ05470 AEQ05470 28 ± 1 16 ± 1 7 ± 1 7 min. 14 ± 1 10 2.5

AEQ05471 AEQ05471 28 ± 1 16 ± 1 7 ± 1 7 min. 14 ± 1 10 3.0

AEQ05472 AEQ05472 28 ± 1 16 ± 1 7 ± 1 7 min. 14 ± 1 10 3.5
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GHz version of both products. The 
HL9427 attenuator and HL9527 ter-
mination feature 1.85 mm connec-
tors. Alternate connector confi gura-
tions and connector series are avail-
able upon request.

Founded in 1992 and privately 
owned, HYPERLABS sells an array 
of broadband components includ-
ing baluns, bias tees, DC blocks, 
power splitters/dividers, attenuators, 
transition time converters and pick-
off tees, operating up to and above 
100 GHz. HYPERLABS’ instrumenta-
tion line includes pulse generators, 
TDRs/TDTs, controlled impedance 
analyzers, signal path analyzers, ca-
ble skew testers and samplers/har-
monic downconverters.

HYPERLABS INC.
Beaverton, Ore.
www.hyperlabs.com

Passive Components 
Reach 110 GHz

H
YPERLABS INC. is ex-
panding its 110 GHz com-
ponent offerings by intro-
ducing a range of new 

broadband attenuator values and a 
new 50 Ω termination. The HL9429 
attenuator is available in values of 
3 dB, 6 dB and 10 dB. These at-
tenuators exhibit fl at frequency re-
sponse with bandwidth from DC to 
more than 110 GHz, making them 
an excellent choice for attenuating 
a wide range of broadband pulsed 
waveforms in applications like ultra-
wideband, noise-like pulses, radar 
and PAM-4, accommodating high
speed serial data signals up to and 
beyond 224 Gbps. Each attenuator 
value is available in matched pairs, 

ensuring excellent amplitude and 
phase match for use in differential 
systems. The maximum input power 
is 20 dBm.

The HL9529 is a 50 Ω termination 
targeting a wide range of applica-
tions. It exhibits good return loss 
from DC to more than 110 GHz. 
The HL9529 is useful for terminat-
ing unused ports in high bandwidth 
systems and for metrology applica-
tions.

Both products feature 1.0 mm 
connectors and a square body de-
sign compatible with a standard 
0.375 in. open-end wrench. The 
HL9429 attenuator housing with 
connectors measures 1.141 x 0.377 
x 0.377 in. The HL9529 termination 
housing with connectors measures 
0.737 x 0.377 x 0.377 in.

HYPERLABS also offers a 67 
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every aspect. The AXIOM70SL, 
AXIOM75SL, AXIOM3838S (10 MHz) 
and AXIOM75SH (100 MHz) series set 
new standards with their ±10 ppb (10 
MHz) stability and robust construc-
tion. With typical phase noise levels 
of -135 dBc/Hz at 100 Hz and a fl oor 
of -180 dBc/Hz (100 MHz), they en-
sure uncompromising performance. 
These OCXOs are available in various 
sizes and confi gurations from 25 x 25 
mm THD/SMD to 38 x 38 mm con-
nectorized and offer unrivaled fl exibil-
ity for various space applications.

With its continued commitment 
to innovation and quality, AXTAL 
pushes the boundaries of space 
technology to ensure the success of 
future space projects.

AXTAL GmbH
www.axtal.com
+49.6261.939834  

Oscillators Target New 
Space Applications

I
n today’s dynamic space en-
vironment, where precision 
and reliability are paramount, 
AXTAL GmbH introduces its 

state-of-the-art temperature-com-
pensated crystal oscillators (TCXOs) 
and oven-controlled crystal oscilla-
tors (OCXOs). These devices have 
been designed to meet the demand-
ing mission-critical requirements of 
space. They provide outstanding ra-
diation immunity and frequency sta-
bility for LEO applications and pave 
the way for lower-cost, high perfor-
mance space solutions.

TCXOS

AXTAL’s TCXOs set new stan-
dards with their compact design 
and exceptional stability. The 

AXLE7050S and AXLE5032S series 
fulfi ll this requirement at frequencies 
from 10 to 50 MHz with stabilities up 
to ±1 ppm. They are designed and 
tested to withstand radiation levels 
of up to 40 kRad(Si) TID and are im-
mune to single-event latch-ups up to 
120 MeV-cm2/mg. With typical phase 
noise levels of -67 dBc/Hz at 1 Hz and 
a fl oor of -160 dBc/Hz (20 MHz), they 
guarantee precise timing for critical 
space missions. The AXLE7050S and 
AXLE5032S are packaged in hermet-
ically sealed, surface-mount ceramic 
enclosures measuring 7 x 5 mm and 
5 x 3.2 mm, respectively, offering 
versatility without compromise.

OCXOS

For applications requiring high-
er stability, AXTAL’s OCXOs oper-
ate fl awlessly in high-radiation en-
vironments and offer precision in 
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Intelligent AUTO SET helps con-
fi gure the best settings for each 
measurement to avoid mistakes. 
Results are presented in both nu-
merical and graphical formats. A 
toggle function allows test data to 
be viewed in numerical, statistics, 
distribution and timeline modes.

For over 60 years, Pendulum In-
struments, a global expert in time 
and frequency measurement, analy-
sis and calibration has addressed 
aerospace and defense, telecom, 
metrology and R&D applications. 
Learn how the CNT-104S can be 
confi gured to meet your specifi c 
needs and/or budget demands.

Pendulum Instruments
Redwood City, Calif.
pendulum-instruments.com

4-Channel Frequency 
Counter/Analyzer 
Simplifi es MeasurementsT

he CNT-104S multi-chan-
nel instrument combines 
the functionalities of a high 
performance universal fre-

quency counter and time-interval 
analyzer into a single device. This 
compact benchtop unit measures 
frequency, phase or time across 
four input channels simultaneously, 
presenting the parallel results on a 
large color display. The instrument 
provides < 7 ps time resolution and 
13 digits/s frequency resolution with 
a measuring speed of up to 20 mil-
lion measurements/s. Pendulum In-
struments claims the CNT-104S out-
performs any current timer/counter/
analyzer on the market. The single-
shot resolution delivers faster phase 
comparison results between clocks, 
allowing the capture of tiny time 
and phase changes in real-time.

All four channels offer parallel, 

independent and gap-free time-
stamping of the input signals. Pre-
viously, this has only been possible 
using multiple instruments. Design-
ers can compare the phases of four 
atomic clocks without a switch. 
Multi-stop, time-interval measure-
ments benefi t those conducting 
time-of-fl ight measurements in 
physical research applications.

A touchscreen and an intuitive 
menu structure facilitate simple navi-
gation and instrument setup. Alterna-
tively, a wireless mouse can be con-
nected to the unit to make measure-
ment settings. A built-in web server 
allows the unit to be operated remote-
ly from almost anywhere. Gigabit Eth-
ernet or Wi-Fi connectivity provides 
fl exible remote-control capability.
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Cloud & Intelligent 
Edge: Shaping the 
Future of 4IR 
During MWC 2024, ADI’s Martin Cotter took 

the stage with Schneider Electric’s CTO and SVP Aurelien 
Le Sant to discuss the future of industrial networking.

Analog Devices, Inc.

www.youtube.com/watch?v=JTAJ_
E2DyXo&t=5s

Signal Microwave announced the launch 
of its Marketplace store on Digi-Key. Sig-
nal Microwave’s Supplier Center on the 
Digi-Key website is now live. This will give 
customers easy access to view or buy 
any of their products and content avail-
able through Digi-Key. 
Signal Microwave
https://shorturl.at/rFR08

Signal Microwave’s 
Marketplace now 

on Digi-Key

M A K I N G

Rural Broadband 
Installation 
and Testing 

Challenges and How to 
Overcome Them
As network operators strive to optimize broadband 
services in rural regions, proper test procedures and 
solutions become crucial. 
Anritsu 
bit.ly/3R5lmwS

A New Look Catalog 
from Insulated 
Wire Inc. for 2024! 
The latest edition provides specifi ca-
tions for our extremely low loss/phase 
stable products from 0341 to 7506 
(0.034 to 0.750 in. diameters), Re-Flex 
hand-formable range, semi-rigid and 75 
Ohm coaxial cables. The 2024 catalog 
also includes connector outlines, back 
by customer request!
Insulated Wire Inc.
https://insulatedwire.com

The Basics of 
OFDM
Understanding orthogonal frequen-

cy division multiplexing (OFDM) is essential 
to the foundations of modern communications 
technologies. Mini-Circuits’ latest blog post 
defi nes what orthogonal is and explains why 
that matters.
Mini-Circuits
https://hubs.ly/Q02lXvh80

Accelerating Large-
scale Semiconductor 
Parametric Testing 

Using a Multi-bus Switch 
Matrix
In this guide, Pickering discusses large-scale parallel 
parametric testing, scan-list sequencing and triggering, 
relay failure and maintainability and more.
Pickering Interfaces
https://rb.gy/9iy50q
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5G Mitigation Filter for C-Band

A1 Microwave has expanded their range of 

C-Band receive filters for satellite ground 

installations to include off-the-shelf compo-

nents that are fully compliant with the RED 

and BLUE spectrum masks. In addition to the 

close-in 5G rejection, they also feature transmit band rejection as 

well as X-Band radar for use in naval applications. This includes a 

recent trial for the UK Royal Navy as well as hundreds of installa-

tions on cruise ships and terrestrial news-gathering equipment.

A1 Microwave 

www.a1microwave.com

High-Power RF Fixed Attenuators 

Fairview Microwave has announced the 

release of its RF fixed attenuators with 2.4 

mm connectors, boasting high-power ratings 

of up to 5 watts (CW) and a frequency range 

of up to 50 GHz. The new RF fixed attenuators 

with 2.4 mm connectors are designed to meet 

the evolving needs of RF professionals and 

engineers, offering unparalleled performance 

and versatility. They are the ideal solution for those seeking 

precision control over RF signals while ensuring stability and 

reliability in demanding applications.

Fairview Microwave 

www.fairviewmicrowave.com

2-Way Power Divider 

KRYTAR Inc announced a new two-way power 

divider offering high performance over the 

ultra-broadband frequency range of 4 to 40 

GHz (C- through Ka-Bands) in a compact 

package. The new power divider offers the 

ultimate solution for emerging designs and 

test and measurement applications, including mmWave, 5G, radar, 

satellite communications and more. KRYTAR’s technological 

advances provide excellent operating performance of this new 

two-way unit.

KRYTAR Inc. 

www.krytar.com

Ultra-Wideband 16-Way Power Divider/Combiner 

The MIcable 6 to 40 

GHz ultra-wideband 

16-way power divider/

combiner 

P16N060400 can 

accept a 6 to 40 GHz 

signal and deliver 16 

output signals with extremely good amplitude unbalance (±0.3 dB 

typical) and phase unbalance (±6 degrees typical). Due to wide 

bandwidth, excellent VSWR (< 1.3:1 typical), insertion loss (> 5 dB 

typical) and isolation (> 18 dB typical), it can be widely applied in 

5G, testing, instruments and other related fields that need wideband 

high performance signal distribution network.

MIcable Inc. 

www.micable.cn

Power Splitter 

Mini-Circuits’ model SPL-2G42G50W4+ is a 

coaxial active power splitter with more than 

360 degrees and a phase-shift range from 2.4 

to 2.5 GHz. With an I2C control interface, it 

tunes phase with 1 degrees resolution, with 

165 degrees of the range continuously variable. The active power 

splitter adjusts attenuation in 0.5 dB steps over a minimum 30 dB 

range. The active power splitter is equipped with MCX female 

connectors and exhibits 1 dB typical insertion loss. It draws 650 mA 

typical current from a +5 VDC supply.

Mini-Circuits 

www.minicircuits.com

High Q Low ESR Capacitors

Passive Plus’ product offering includes 

traditional high Q low ESR 1111 (0.110 × 

0.110 in.) multi-layer ceramic capacitors for 

ultra-high frequency/microwave RF power 

amplifiers, mixers, oscillators, filter networks, 

low noise amplifiers, timing circuits and delay lines. These capacitors 

are available in two dielectrics (P90 or NP0); three different termina-

tions: magnetic (100% Sn - solder over nickel plating), non-magnetic 

(100% Sn - solder over copper plating) and tin/lead (90% Sn 10% Pb 

- solder over nickel plating) and are designed and manufactured to 

meet the requirements for MIL-PRF-55681 and MIL-PRF-123.

Passive Plus 

www.passiveplus.com

N E W  P R O D U C T S
for more new products, visit www.mwjournal.com/buyersguide

featuring  storefronts

WMX Series 

Solderless Board Mount 

Connectors (145 GHz)

224 Gbps

(PAM4)

Low loss Microwave Cable

(145 GHz) 

www.with-wave.com
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a single-pc cable bullet. The frequency range 

is DC to 67+ GHz. As a standalone 

connector on a cable, it serves as a manual 

test probe. It also can be ganged together in 

a multipin configuration and thereby serve 

as the heart of the SSBB multipin cable 

harness.

Southwest Microwave 

www.southwestmicrowave.com

AMPLIFIERS

10 GHz, 100 W Amplifier 

Exodus AMP2053A-

1LC is a rugged 

solid-state power 

amplifier incorporating 

advanced technology 

for 6 to 10 GHz applications. Class A/AB 

design for all industry standards, 100 W 

minimum with 50 dB gain. Excellent power/

gain flatness, forward/reflected power 

monitoring in both dBm and watts, VSWR, 

voltage, current and temperature sensing for 

superb reliability and ruggedness. Nominal 

weight is 45 lbs in a compact 3U chassis, 

5.25× 19 × 27 in.

Exodus Advanced Communications 

www.exoduscomm.com

Single-Ended RF Amplifier IC 

The QPL7425 is a 

GaAs pHEMT 

single-ended RF 

amplifier IC featuring 

25 dB of flat gain and 

low noise. This IC is 

designed to support 

HFC and fiber to the 

home applications from 5 to 1218 MHz 

using a single supply operating from 3 V to 

8 V. QPL7425 offers low noise and 

distortion plus high gain in a 3×3 QFN 

package for convenient layout and design in 

set top and infrastructure projects for 75 Ω 

CATV and satellite applications.

Qorvo 

www.qorvo.com

S-Band Low Noise Amplifier

Teledyne e2v HiRel 

announced the 

availability of a 

rad-tolerant S-Band 

low noise amplifier 

(LNA), model TDLNA2050SEP, that is ideal 

for use in demanding high reliability, space 

and radar applications where low noise 

figure, minimal power consumption and 

small package footprint are critical to 

mission success. This new LNA, developed 

on a 90 nm enhancement-mode pseudomor-

phic high electron mobility transistor 

(pHEMT) process, is available in an 8-pin 

dual-flat no-lead 2 × 2 × 0.75 mm plastic 

surface-mount package, and is qualified per 

MIL-PRF 38534 Class K.

Teledyne e2v HiRel 

www.teledynedefenseelectronics.com

Analog Phase Shifter 

Quantic PMI model 

number PS-5G18G-

400-A-SFF is a 5 to 18 

GHz, low phase noise, 

analog phase shifter 

with capability for phase shifting from 0 to 

400 degrees. The unit operates from a single 

positive control voltage of 0 to +10 VDC with a 

phase voltage sensitivity of 40 degrees per 

volt. This model offers a typical modulation 

bandwidth of 50 MHz and is supplied in a PE2 

housing measuring only 1.08 × 0.71 × 0.29 

in. and can be used with the SMA connectors 

or in a surface-mount configuration.

Quantic PMI 

www.quanticpmi.com

Lowpass Filters 

Richardson RFPD Inc., 

an Arrow Electronics 

company, announced 

the availability and full 

design support 

capabilities for two families of lowpass 

filters from CTS Corporation. The RLF and 

XLF series are optimized to support 3GPP 

standards that require harmonic suppres-

sion through fifth-order harmonics. Both 

series provide complete solutions for 

harmonic rejection for wireless infrastruc-

ture applications. The RLF family offers 

extremely low insertion loss (3 to 5 dB, 

maximum) and superior close-in rejection 

and attenuation. They are suitable for up to 

20 W of average power and 200 W of peak 

modulated power.

Richardson RFPD Inc. 

www.richardsonrfpd.com

Power Divider 

The Marki Microwave 

MPDW-0670CSP2 is 

an mmWave two-way 

Wilkinson power 

divider delivering 

wideband operation 

from 6 to 70 GHz. 

Designed using Marki’s innovative, 

second-generation chip scale packaging, its 

compact 2.5 × 2.5 mm design enables 

extreme miniaturization of SMT footprint 

while providing die-level performance. The 

MPDW-0670CSP2 is ideal for applications 

prioritizing low size, weight and power.

RFMW 

www.rfmw.com

CABLES & CONNECTORS

Cable Connector

Southwest Micro-

wave’s latest SMI 

product offering is 

54070-001B, a direct 

solder .047 SC flex 

cable connector with 

a built-in bullet. It combines the SSBB cable 

receptacle with the bullet interface, creating 
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4×4 Butler Matrix

Ranatec announced 

that it has extended 

its product portfolio to 

include the Ranatec 

RI 3041 4×4 butler 

matrix. Targeted for 

testing at frequencies 

from 2.4 to 8.0 GHz, 

the next generation 

butler matrix 4×4 delivers the widest 

operational bandwidth available on the 

global market. Addressing the needs of an 

evolving electronics market, the next 

generation RI 3041 4×4 provides a compact 

design that is smaller in size, lighter, larger 

operating bandwidth, provides increased 

accuracy and amplitude accuracy, plus lower 

insertion loss.

Ranatec 

www.ranatec.com

Oscilloscopes

SIGLENT unveiled three new series of 

oscilloscopes designed to improve signal 

fidelity, visualization and analysis. These 

latest additions complete Siglent’s lineup of 

oscilloscopes, each equipped with advanced 

12-bit analog-to-digital converters and 

designed for signal quality. With bandwidths 

ranging from 70 MHz to 4 GHz, Siglent’s 

high-resolution oscilloscopes now provide 

outstanding signal fidelity for a wide range 

of applications, including power, EMI, 

frequency analysis, embedded design and 

failure analysis.

Siglent 

www.siglentna.com

SEMICONDUCTORS

Low-Cost RF Module

Sivers Semiconduc-

tors AB announced 

the commercial 

launch of its 

state-of-the-art new 

low-cost RF module 

BFM02803, covering the 5G frequency 

range 2 mmWave bands N257, N258 and 

N261 (from 24.25 to 29.5 GHz). Module 

BFM02803, presented at the Mobile World 

Congress 2024, is optimized for high 

performance, high-power fixed wireless 

access (FWA) applications and enables 

differentiation and meet the requirements of 

large-scale manufacturing of FWA products. 

It is designed to interface with leading 

baseband modems.

Sivers Semiconductors AB 

www.sivers-semiconductors.com

ANTENNAS

Dual Polarized Antenna

Model SAY-

3735135302-22-S1-

DP-WR is a dual 

polarized Cassegrain 

antenna assembly for 

Q-Band satellite 

communication 

ground stations. With 

a reflector diameter of 96 in., the antenna 

includes separate WR-22 ports for left- and 

right-hand circular polarizations. Typical 

isolation between ports is 40 dB and the 

half-power beamwidth is 0.2 degrees. 

Frequency coverage is 37 to 42 GHz for the 

receive channel and 46 to 51 GHz for the 

transmit channel. Integrated bandpass 

filters are included.

Eravant 

www.eravant.com

Gain Horn Antenna Radome Covers 

Pasternack, an Infinite 

Electronics brand, 

announced the 

release of its 

innovative standard 

gain horn antenna 

radome covers. 

Meticulously 

designed, they protect a wide array of 

waveguide horn antennas, ensuring optimal 

functionality and resilience in outdoor 

settings. The standard gain horn antenna 

radome covers stand out due to their 

exceptional features. They are outdoor-rated 

and weatherproof, crafted to withstand the 

rigors of external conditions and protect 

waveguide horns from environmental 

factors.

Pasternack 

www.pasternack.com
42
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 Presents a comprehensive text on lumped elements 
useful in the design of RF, microwave and millimeter wave 
components and circuits;

 Revised version has a more balanced treatment between 
standalone lumped elements and their circuits using 
MICs, MMICs and RFICs technologies;

 Provides detailed information on a broader range of 
RFICs not included in the 1st Edition;

 Features extensive formulas for lumped elements, 
design trade-offs, and updated and current list of 
references;

 Discusses fundamentals, equations, modeling, examples, 
references, and overall procedures to design, test, and 
produce microwave components.

Sign up for our newsletter for 
15% OFF your first purchase. 

Find out more by scanning the QR
code or visiting us at artechhouse.com

Lumped Elements for RF 
and Microwave Circuits, 
Second Edition

Inder J. Bahl

ISBN 9781630819323 • 2023  

Hardcover • 600 pp

$189 / £164

BookEnd

Bookend
Adaptive Radar Detection: 
Model-Based, Data-Driven 
and Hybrid Approaches

Angelo Coluccia

Angelo Coluccia’s “Adaptive Ra-
dar Detection: Model-Based, 
Data-Driven and Hybrid Ap-

proaches” dives deep into radar tech-
nology, machine learning and data-
driven approaches. This comprehensive 
work is a great resource for radar pro-
fessionals and researchers seeking to 
explore the intersection of traditional 
radar theory and modern data-driven 
techniques. The book’s strength lies in 
its ability to seamlessly integrate insights 
from diverse fi elds, including radar, 
statistical signal processing, machine 
learning and artifi cial intelligence. This 
multidisciplinary approach is enhanced 
by original contributions, diagrams and 
fi gures based on experimental data. It 
serves as both a reference guide and a 
springboard into the world of adaptive 
radar detection. 

ISBN: 9781630819002

Pages: 350

To order this book contact:

Artech House (2022)
us.artechhouse.com

The author starts by laying a solid foun-
dation, offering an insightful overview 
of radar fundamentals and classical 
adaptive radar detectors. Readers are 
guided through classical model-based 
tools, showcasing their pros and cons. 
Chapters 2 and 3 introduce essential 
theoretical elements and algorithmic 
tools from machine learning, provid-
ing engineers in the radar community 
with a practical understanding of clas-
sifi cation problems. Readers are given 
a reference to popular machine learn-
ing algorithms, facilitating the applica-
tion of data-driven techniques to radar 
detection. One of the book’s highlights 
is Chapter 4, which delves into hy-
bridization between model-based and 
data-driven concepts. Techniques for 
data-driven constant false alarm rate 
detection are discussed, addressing 
the challenge of bridging traditional 
model-based approaches with mod-
ern data-driven methods. This chapter 
brings up the need for robust detectors 
that can adapt to signal variations and 

reject unwanted interference. 

In conclusion, “Adaptive Radar Detec-
tion: Model-Based, Data-Driven and 
Hybrid Approaches” by Angelo Coluc-
cia is a thoughtfully constructed and 
comprehensive resource. It blends tra-
ditional radar theory with contemporary 
data-driven approaches, paving the way 
for a new frontier in radar technology. 
Whether you are an experienced radar 
professional or an engineering student 
seeking to stay abreast of this dynamic 
fi eld, this book provides a good road-
map to navigate the world of radar de-
tection.

Reviewed by: Katerina Galitskaya



Join Us at the RF and Microwave community

@ mwjournal.com

Follow Us: 

@ MWJEditor

mwjournal.com

  
  
S
p
ri

ng In
to Action...

Subscribe/Renew
 Tod

ay
!!



Advertiser Page No.

Corporate Headquarters: 685 Canton Street, Norwood, MA 02062 • Tel: (781) 769-9750

Sales Representatives

3H Communication Systems ................................. 23

Aaronia AG ........................................................COV 3

Agile Microwave Technology Inc. ........................... 50

Altum RF ................................................................ 43

AMTA 2024 ............................................................ 80

Analog Devices ...................................................... 27

Artech House ......................................................... 94

Avtech Electrosystems ........................................... 93

B&Z Technologies, LLC ........................................... 11

Cernex, Inc. ............................................................ 85

Ciao Wireless, Inc. .................................................. 30

Coilcraft.................................................................. 24

COMSOL, Inc. ......................................................... 15

CPI (Communications & Power Industries) ............ 28

EDI CON Online 2024............................................ 79

Empower RF Systems, Inc. ..................................... 26

ERAVANT ................................................................ 25

EuMW 2024 .......................................................... 77

Exceed Microwave ................................................. 66

Exodus Advanced Communications, Corp. ............ 45

Fairview Microwave ............................................... 47

GGB Industries, Inc. ..................................................3

Greenray Industries, Inc. ...........................................6

Herotek, Inc. .......................................................... 92

IEEE MTT-S International Microwave 
   Symposium 2024 ............................................... 75

iNRCORE ................................................................ 61

Knowles Precision Devices .................................... 13

KR Electronics, Inc. ................................................. 93

Kratos Microwave USA ........................................... 60

KVG Quartz Crystal Technology GmbH .................. 66

LadyBug Technologies LLC ..................................... 74

M Wave Design Corporation.................................. 32

Marki Microwave, Inc. ............................................ 55

MIcable Electronic Technology Group ............. 57, 69

Microwave Components Inc. ................................. 56

Microwave Journal ......................... 68, 78, 81, 89, 95

Miller MMIC .....................................................COV 2

Millimeter Wave Products Inc. ............................... 49

Mini-Circuits ....................................... 4-5, 16, 34, 97

MiniRF Inc. ............................................................. 65

Norden Millimeter Inc. .......................................... 76

Nxbeam ................................................................. 37

Passive Plus ........................................................... 51

Pasternack ................................................................8

Reactel, Incorporated ............................................. 33

Remtec................................................................... 83

RF-Lambda ............................................. 9, 29, 59, 73

RFMW ........................................................ 13, 55, 65

Richardson Electronics ........................................... 43

RLC Electronics, Inc. ............................................... 19

Rosenberger .......................................................... 21

Saetta Labs ............................................................. 41

Safran Electronics & Defense ................................. 36

Satellink, Inc. ......................................................... 93

Sigatek LLC ............................................................ 46

Special Hermetic Products, Inc. ............................. 58

Spectrum Control  .....................................................7

Spectrum Instrumentation GmbH ......................... 42

Synergy Microwave Corporation ...................... 39, 67

Tecdia, Inc. ............................................................. 48

Transline Technology ............................................. 64

Weinschel Associates ............................................. 22

Wenteq Microwave Corporation ............................ 93

Werlatone, Inc...................................................COV 4

Withwave Inc. ........................................................ 91

AdvertisingIndex
Advertiser Page No.Advertiser Page No.

96   MWJOURNAL.COM  APRIL 2024

Ed Kiessling 
(781) 619-1963 
ekiessling@mwjournal.com

Submitting ad material?
Visit: www.adshuttle.com/mwj
(866) 774-5784
outside the U.S. call 
+1-414-566-6940

Eastern and 
Central Time Zones
Carl Sheffres
Group Director
(New England, New York,  
Eastern Canada)
Tel: (781) 619-1949 
Cell: (781) 363-0554 
csheffres@horizonhouse.com

Michael Hallman
Associate Publisher
(NJ, Mid-Atlantic, Southeast, 
Midwest, TX)
Tel: (301) 371-8830 
Cell: (781) 363-0338
mhallman@mwjournal.com

Pacific and

Mountain Time Zones
Brian Landy
Western Reg. Sales Mgr.
(CA, AZ, OR, WA, ID, NV, UT, 
NM, CO, WY, MT, ND, SD, NE 
& Western Canada)
Tel: (831) 426-4143
Cell: (831) 713-9085
blandy@mwjournal.com

International Sales
Richard Vaughan
International Sales Manager
Tel: +44 207 596 8742
rvaughan@horizonhouse.co.uk

Zena Coupé  
Tel: + 44 207 1506737
Cell: +44 7887 874074
zena@expomedia.biz

Germany, Austria, 
and Switzerland
(German-speaking)
Brigitte Beranek
Tel: +49 7125 407 31 18
bberanek@horizonhouse.com

France
Gaston Traboulsi
Tel: +44 207 596 8742
gtraboulsi@horizonhouse.com

Korea
Jaeho Chinn
JES MEDIA, INC.
Tel: +82 2 481-3411
corres1@jesmedia.com

China
Shanghai
Linda Li
ACT International
Tel: +86 136 7154 0807 
lindal@actintl.com.hk

Wuhan
Phoebe Yin
ACT International
Tel: +86 134 7707 0600
phoebey@actintl.com.hk

Shenzhen
Annie Liu
ACT International
Tel: +135 9024 6961
anniel@actintl.com.hk

Beijing
Cecily Bian 
ACT International 
Tel: +86 135 5262 1310 
cecilyb@actintl.com.hk

Hong Kong
Floyd Chun
ACT International
Tel: +852 28386298 
floydc@actintl.com.hk

Taiwan, Singapore
Simon Lee
ACT International
Tel: +852 2838 6298
simonlee@actintl.
com.hk

Japan
Katsuhiro Ishii
Ace Media Service Inc.
Tel: +81 3 5691 3335
amskatsu@dream.com



Low Phase Noise 
Amplifiers

I N D U S T R Y - L E A D I N G  P E R F O R M A N C E

For Sensitive Transceiver Systems

• Additive phase noise as low as -173 dBc/Hz @ 10 kHz Offset

• Ideal for radar, test instrumentation and more

• Wide selection in stock for the most demanding requirements

• State-of-the-art measurement capability in house

N E W  R E L E A S E

LVA - 2 7 3 P N +

• Wideband, 0.01 to 26.5 GHz

• -172 dBc/Hz additive phase 

noise @ 10 kHz offset

• +18 dBm P1dB 

V I E W  P H A S E  
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Nuvotronics: Small Solutions for Big Problems

N
uvotronics was founded in Virginia in 2008. The 
company origins came from eff orts to commer-
cialize PolyStrata®, a new packaging technology 

that was being funded primarily by DARPA’s 3D micro-
electrical-RF-systems (3D-MERFS) and disruptive manu-
facturing technologies (DMT) programs at Rohm and 
Haas. The business assets and IP surrounding PolyStrata 
were purchased from Rohm and Haas and these assets 
became the foundational basis for Nuvotronics. Since its 
founding in 2008, Nuvotronics has been refi ning the tech-
niques and expanding the applications of the PolyStrata 
technology.

PolyStrata is a microfabrication process that allows 
precision patt erned layers of both metals and polymers 
to be deposited on a fl at substrate, resulting in sophisti-
cated miniature devices with features ranging from a few 
microns to several centimeters. The 3D-MERFS program 
was focused on developing mmWave phased arrays for 
satellite communications and the DMT program ad-
dressed broadband GaN-based hybrid microwave ampli-
fi ers.

The PolyStrata technology is based on integrated 
circuit manufacturing techniques, so large numbers 
of devices can be fabricated on a single substrate. As 
Nuvotronics commercialized and increased volume, they 
pushed to larger substrates. In 2014, with investment 
and adoption from customers, the wafer manufacturing 
capability grew from six-inch to eight-inch substrates and 
the company moved to its current location in Durham, N.C.

The growth of the manufacturing capabilities continued. 
In 2019, Nuvotronics was acquired by Cubic Corporation, 
a leader in edge computing and networking, expedition-
ary communications and assured datalink solutions. 

Nuvotronics became the advanced microelectronics group 
within Cubic and the eight-inch wafer manufacturing line 
was expanded. In 2021, the company began constructing 
a 14-inch x 14-inch panel manufacturing line to augment 
the capacity in response to an increase in demand for com-
ponents in LEO satellites. The 14-inch panel line became 
operational at the end of 2023.

As a result of these activities, the Cubic Nuvotronics 
facility in Durham, N. C., has grown to a  60,000 sq. ft. fac-
tory. This facility off ers full design, fabrication, assembly 
and test of circuits and packaged die in one secure loca-
tion for shorter lead times and greater cost savings. On 
the existing eight-inch production line, Nuvotronics has a 
capacity of 500 wafers per year, but the 14-inch panel ex-
pansion increases output by 23x. The expectation is that 
this will accelerate the aff ordable production of multi-use 
RF and mmWave packages, components and subsystems.

The advantages of the PolyStrata technology have dra-
matically expanded the product portfolio. Nuvotronics now 
touts a wide range of standard and custom passive com-
ponents, subassemblies and antenna arrays, along with 
packaging and multi-chip module capabilities to 175 GHz 
and beyond. These components and capabilities target 
5G/6G wireless, space, test and measurement, defense 
and dual-use applications. Nuvotronics is proud to be a 
vertically integrated company that can off er new solutions 
to optimize performance and SWaP-C considerations from 
design through manufacturing and testing as the company 
pivots toward standard products. For Nuvotronics, big 
problems require small solutions.

Nuvotronics
www.cubic.com/nuvotronics
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WWW AARONIA COM

Redefi ning Sweep Speeds - A New Benchmark In Spectrum Analysis

Frequency Range

9 kHz - 18 GHz

Sweep Speed

3 THz/s

PowerMeter

70 GHz

Realtime Bandwidth

Rx/Tx 60 MHz

*Also available as Rx/Tx

*Also available as Rx/Tx$ 7,980

+1 (214) 935-9800

www.aaroniausa.com

Preorder now
June 2024 Booth 224

See it liveubuy@aaroniausa.com



UNLEASH THE POWER
Superior EMC/EMI Testing Solutions

WIDE BANDWIDTH | HIGH POWER | SUPERIOR PERFORMANCE
0.01 to 220 mhz | 0.01 to 1000 MHz | 80 to 1000 mhz | 600 to 8000 mhz | 6 to 18 ghz

QUADRATURE HYBRIDS HIGH-POWER COMBINERS DIRECTIONAL COUPLERS DIGITAL POWER METERS

Werlatone’s EMC/EMI testing SOLUTIONS are embedded in EMC amplifiers, 

test chambers, and test LABS worldwide. 

We offer A VARIETY OF POWER LEVELS RANGING FROM 10 W CW to 20 KW CW.

werlatone’s high-power, Mismatch-Tolerant® solutions are DESIGNED 

TO OPERATE IN EXTREME LOAD MISMATCH CONDITIONS.

bring us your challenge | www.werlatone.com
LEARN MORE


