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Publisher’s Note

This year marks the 65th 

anniversary of Microwave 
Journal (MWJ). We have 
seen many changes in that 

time, as microwave technology has 
evolved from a little-known elec-
tronics niche to a driving force in 
today’s wireless communications. 
MWJ has evolved as well, expand-
ing its digital offerings to include 
webinars, video, podcasts, blogs, 
panels, eBooks, white papers and 
numerous newsletters. This month 
we launch our redesigned web-
site, which provides an enormous 
amount of valuable content in an 
easier to navigate format.           

Live events are gaining traction 
and nearing their pre-pandemic lev-
els of success. You will find Micro-
wave Journal represented at many 
events this year, as usual, and in 
force at the major industry gather-
ings. The IEEE MTT-S International 
Microwave Symposium (IMS) will 
take place on 11-16 June at the San 
Diego Convention Center, and it is 
shaping up nicely. There are more 
than 400 companies already signed 
on to exhibit and attendance is ex-
pected to be high due to the attrac-

tive location and the large concen-
tration of RF/microwave companies 
in Southern California. Book your 
hotel room while supplies last. Reg-
istration opens next month for IMS 
and the co-located and excellent 
RFIC and ARFTG conferences. 

European Microwave Week 
(EuMW) ventures to a new venue in 
Berlin, Germany, on 17-22 September. 
Having attended the delayed EuMW 
in London last April and the 2022 edi-
tion in September in Milan, I found 
both events to be very worthwhile and 
truly enjoyed reuniting with our Euro-
pean colleagues. Having never been 
to Berlin, I am excited to experience 
that historic and vibrant capital city.

The Electronic Design Innovation 
Conference (EDI CON) attracted 
thousands of virtual attendees this 
past October and will take place 
every Wednesday in October of 
this year with dedicated tracks on 
“Signal Integrity,” “5G/WiFi/IoT,” 
“PCB/Interconnect/EMC-EMI” and 
“Radar/Automotive/SATCOM.” The 
2022 event featured 44 presenta-
tions with 51 speakers including four 
plenary keynotes, 18 technical ses-
sions and 18 sponsored workshops. 

Celebrating 65 Years

You can view all sessions on-demand 
at www.edicononline.com. 

This issue of Microwave Jour-
nal is focused on our traditional 
“Radar and Antennas” theme; a 
fitting way to launch our 65th an-
niversary year. The cover feature is 
titled: “Gapwaveguide Technology:  
A Game Changer for Automo-
tive Radars,” provided by experts 
from Gapwaves. Additional articles 
this month are contributed by col-
leagues from Keysight Technolo-
gies, Rohde & Schwarz, Fortify and 
KVG. You will also find the latest 
news, products and insight from 
around the globe.      

I hope that you enjoy this issue of 
Microwave Journal and take a min-
ute to renew your subscription to en-
sure that you receive the publication 
every month this year. When conve-
nient, please also check out our new 
website and let us know what you 
think. We are always interested in 
your input and suggestions on how 
we can better serve our loyal readers 
and followers. We may be 65, but 
we’re not retiring any time soon. 

Wishing all of you a healthy, hap-
py and prosperous year ahead.

Carl Sheffres  
Microwave Journal Publisher
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Gapwaveguide Technology: 
A Game Changer for 
Automotive Radars
Carlo Bencivenni, Abolfazl Haddadi, Abbas Vosoogh and Marcus Hasselblad
Gapwaves AB, Göteborg, Sweden

The shift to mmWave frequency bands and the demand for more reliable sensors are putting 
ever-increasing pressure on automotive radar capabilities, challenging what classical printed 
circuit board (PCB) antennas can provide. Gapwaveguide technology has established itself as 
an attractive solution by offering excellent performance and advanced features at a competitive 
price (see Figure 1). This article gives an overview of the range of applications, solutions and 
relevant aspects of how this unique technology is enabling large and small players to make cost-
effective high performance automotive radar a reality. An insight is given into the technical as 
well as the industrialization aspects.

Despite the technical chal-
lenges, the microwave 
industry has constantly 
reached out to higher fre-

quencies. On the one hand, motiva-
tions are connected to necessities, 
such as the congestion of the al-
ready exploited spectrum, as well as 
to advantages, such as larger band-
width and smaller form factors. On 
the other hand, the obstacles have 
always been the lower performance 
of the circuitry and less favorable 
propagating conditions. Recently, 
modern telecommunication and ra-
dar systems have moved well into 
the mmWave frequency bands. 
While this � ts within this larger trend 
and evolution, it is a signi� cant leap 
that presents considerable chal-
lenges. As a result, the technology 
is pushing an evolution to several 

established solutions in the industry, 
from signal processing to hardware.

When it comes to RF distribu-
tion and radiation, planar solutions 
based on PCB technology have 
often been the preferred choice, 
offering adequate performance 
for most applications at low cost 
with simple integration. This has 
also been the case for automotive 
radar in previous lower frequency 
bands and the � rst generations of 
the new 77 GHz band. However, at 
mmWave frequencies, issues such 
as low bandwidth, high losses and 
expensive RF substrates become 
signi� cant and the perceived PCB 
limitations create opportunities for 
other technologies. Some of the 
alternative candidate technologies 
include traditional waveguides, sub-
strate integrated waveguides (SIW), 
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low temperature co-� red ceramics 
(LTCC) and lens antennas.

AUTOMOTIVE RADAR 
APPLICATIONS

Automotive radars have com-
pleted the migration to the 76 to 
81 GHz band, now also mandated 
by international regulatory bodies.1
The main bene� ts are more ac-
curate distance measurement due 

COVER FEATURE
INVITED PAPER

 Fig. 1  Automotive imaging radar 
antenna with housing.
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loss routing and complex large anten-
nas with a massive number of chan-
nels. Clearly, the wide range of sensor 
types means a correspondingly broad 
range of priorities and optimal solu-
tions that shall be addressed.

GAPWAVEGUIDE 
TECHNOLOGY

Traditional waveguides are one 
of the earliest and best perform-
ing RF technologies, but bulkiness 
and high cost have limited them to 
niche high-end applications, such as 
satellite and military. With the min-
iaturization at mmWave frequency 
bands, only cost remains as a major 
obstacle even more so since toler-
ances become increasingly strin-
gent. In fact, one of the most chal-
lenging and costly manufacturing 
aspects is ensuring an accurate 
� t between parts. For this reason, 
high precision aluminum milling 
and many screws are typically used. 
More scalable solutions exist, such 
as dip brazing, soldering and 3D 
printing, however they remain ex-
pensive and technically demanding, 
so not suitable for mass production.

Meanwhile, gapwaveguide tech-
nology has risen as a solution to 
reach the same performance in a 
robust and cost-effective way.3 In 
the most typical implementation, 
an equivalent transmission line can 
be obtained simply by replacing the 
waveguide side walls with an arti� -
cial magnetic conductor (AMC) tex-
ture, typically in the form of periodic 
posts of appropriate dimensions. 
Then, even in the presence of mat-
ing defects in the manufacturing or 
assembly of the parts, the � elds re-
main well con� ned in the waveguide 
channel, unlike traditional hollow 
waveguides which instead suffer a 
� eld breakdown, as shown in Figure 
3. In theory, gapwaveguide technol-
ogy works for gaps up to a quarter 
of wavelength, 0.9 mm (about 0.04 
in) at E-Band, but it is used to relax 
tolerances and thus lower the cost.

GAPWAVES AUTOMOTIVE 
SOLUTIONS

Back in 2018, amid initial skepti-
cism in the industry on waveguide 
solutions, Gapwaves released an 
automotive reference antenna,4 

shown in Figure 4. Rather than an 

to the wider band and the easier 
integration of sensors on the car 
due to size reduction. Meanwhile, 
the increasing functionalities of ad-
vanced driver assistance systems 
(ADAS) and the rise of autonomous 
driving (AD) demand more capable 
and accurate sensors. Together with 
the other onboard sensors, such 
as cameras and lidars, radars are 
expected to continue having a sig-
ni� cant role thanks to their low-cost 
and all-weather operation. How-
ever, to do so, radars must keep 
improving their performance while 
continuing to meet strict cost, size, 
thermal and reliability requirements.

To reach an accurate and complete 
perception of the vehicle’s surround-
ings, multiple radar sensor types ex-
ist.2 In ADAS applications, one often 
distinguishes between short-, mid- 
and long-range radars, based on the 
distance and � eld of view (FoV) need-
ed for the corresponding functions, 
such as blind spot detection, lane 
change assist and forward collision 
warning, respectively. These sensors 
are specialized and increasingly ubiq-
uitous, with massive volumes cap-
tured by a few large TIER-1 suppliers. 
They typically have between eight to 
16 channels in a compact form factor 
and cost is a key factor (see Figure 
2). The main performance challenge 
here is reaching the desired range 
and FoV. On the opposite end of the 
spectrum are the more powerful and 
� exible high-resolution sensors, used 
for example in AD systems. They are 
also referred to as imaging radars 
(see Figure 1) due to their ability to 
provide camera/lidar-like perception 
through high resolution. These more 
advanced and premium sensors, with 
30 to 100 channels, target a young 
market with multiple players and 
smaller volumes. The main perfor-
mance challenges are to realize low 
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 Fig. 2  Compact and low cost corner 
radar antennas for ADAS.
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or hard surfaces are used. Shaped 
beams, such as in corner radar 
where the direction of the maximum 
range is at about 40 degrees, can 
be obtained by careful phase and 
amplitude control.

When it comes to operational 
bandwidth, unlike PCB patch solu-
tions, waveguides can easily sup-
port the full 76 to 81 GHz automo-
tive band. This gives � exibility in 
frequency allocation and more ac-
curate distance measurement. For 
this purpose, both impedance and, 
more importantly, radiation pat-
terns must be well-behaved, which 
is more challenging the narrower 
the beamwidth. Figure 5b shows 
the pattern response across the 
full band of a long antenna with a 
beamwidth of 10 degrees. 

large premium im-
aging radars. One 
of the advantages 
of this technology 
is the � exibility in 
manufacturing and 
functionality. While 
each application 
has diverse needs, 
the main bene� ts 
are typically linked 
to RF performance 
improvement, sen-

sor size reduction and advanced 
functionalities such as thermal han-
dling and EMC shielding.

RADAR PERFORMANCE
The main RF performance ben-

e� ts are three-fold: powerful pat-
tern control, wideband operation 
and high ef� ciency. 
Waveguide anten-
nas can achieve 
remarkably well 
both very wide and 
focused patterns, 
as well as shaped 
ones. Vertically 
aligned resonant 
series-fed slotted 
waveguide anten-
nas are an ideal 
building block due 
to their � exibility, 
simplicity and low 
pro� le.5 They have 
naturally very wide 
and stable radia-
tion patterns in the 
horizontal E-plane 
(as shown in Figure 
5a), beyond that 
of patch antennas, 
and enable easy 
control in elevation 
by their length and 
number of slots. 
This is ideal for 
short-range radars 
where a large azi-
muth FoV is critical 
and spacing down 
to half-lambda is 
often needed. For 
applications that 
require focusing 
on the azimuth 
plane, such as for 
maximum range in 
long-range radars, 
columns grouping 

actual product, the purpose was to 
allow customers’ engineering teams 
a quick � rsthand evaluation of some 
key capabilities through standard 
WR12 interfaces. From a form fac-
tor point of view, the design sported 
a minimalistic 1.5 layers (one core 
layer and a � at 2D metal one), sub 
2 mm (about 0.08 in.) thickness and 
assembly by non-conductive glue. 
Performance-wise, the six channels 
supported the full 76 to 81 GHz 
band, half-wavelength spacing, nar-
row elevation coverage and wide 
and moderate in azimuth plane, us-
ing a series slotted waveguide end-
fed design and optional grouping. 
Interestingly, despite being such an 
early demonstrator, several of these 
aspects have not yet been matched 
by competing technologies.

Today, Gapwaves offers a range 
of technical and manufacturing so-
lutions to best address nimble mass-
volume corner sensors as well as 

 Fig. 3  With small assembly defects, the � elds in a standard 
waveguide can break down (left) while a gapwaveguide 
operates as designed (right).

Traditional Hollow
Waveguide Fields

Leakage and Resonances
Gapwaveguide

Well Con�ned Fields

 Fig. 4  Gapwaves automotive 
reference antenna fabricated and 
assembled (bottom); exploded view (top).

WR12 Interface

Core
Layer

Slot
Layer

Radiators

1.70 mm

Routing

 Fig. 5  Wide and consistent azimuth radiation patterns of 
eight samples (a) and narrow elevation patterns across 
76-81 GHz (b).
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Moreover, waveguide integration 
can provide additional functional-
ities. Often RF systems are thermally 
limited, due to the low power ef-
� ciency of high frequency electron-
ics, compact dimensions and typi-
cal high temperature environments. 
Thus, the thermal design aspects 
are often critical and challenging to 
overcome. In those cases, the an-
tenna body can offer an additional 
heat dissipation path by using ther-
mally conductive materials in direct 
contact with the electronics. Another 
challenging aspect in sensors is elec-
tromagnetic compatibility (EMC), 
where the device must not infringe 
regulations on radiated out-of-band 
emissions. Again, an antenna made 
of electrically conductive material 
can suppress the emission by closely 
surrounding the critical part of the 
circuitry and shielding them. Figure 
8 shows a die cast metal antenna lay-
er that serves both of these functions 
in addition to the electrical ones: the 
protruding square area at the cen-

tion characteristics. However, a sim-
ple, robust and high performance 
integration is a key aspect since the 
entirety of the electronics live on the 
PCB and within the sensor assembly. 
Consequently, a portfolio of readily 
available transitions for a wide range 
of feeding con� gurations and sub-
strates, from high- to low-end ones 
have been designed. Most typical 
solutions have simple via-less PCB 
designs and losses in the lower part 
of a dB, as shown in Figure 7a. Alter-
natively, drop-in launcher-in-package 
interfaces are available for the main 
chip manufacturers, as shown in Fig-
ure 7b. These unique chips inject 
the signal directly into the antenna 
with integrated launchers, entirely 
bypassing the PCB.6 This further re-
duces the losses and completely re-
moves the need for the RF substrate. 
In all of these cases, gapwaveguide 
technology is used to allow a robust 
interface where no electrical contact 
is needed between the antenna and 
the PCB and hundreds of microns in 
tolerances in all directions are sup-
ported.

High ef� ciency is the most well-
known advantage of the technology. 
At the antenna level, losses are the 
most negligible even for high gain 
elements. When it comes to routing, 
typical losses at E-Band are around 
0.01 to 0.02 dB/mm (0.25 to 0.5 dB/
in.) depending on the design and ma-
terial characteristics, about an order 
of magnitude lower than typical mi-
crostrip solutions. This is particularly 
bene� cial for large and multi-layer 
sensors such as imaging radars, as 
shown in Figure 6, where the anten-
na size and layout may require tens of 
centimeters long routing lines, includ-
ing crossovers. Of course, designing 
and manufacturing large sensors with 
several channels is a challenge.

INTEGRATION
Waveguide antennas enable sen-

sor size reduction with respect to PCB 
counterparts. The antenna is located 
above the PCB with a clearance to 
host components underneath. This 
frees the area otherwise occupied 
by the antennas and removes any 
component in� uence on the radia-

 Fig. 6  Imaging radar antenna 
showing long and complex routing.

 Fig. 7  Gapwaves antenna interface to 
a PCB (a) and direct launch-in-package (b).

(a)

(b)
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tion, Gapwaves currently employs 
three main processes: plastic injec-
tion molding, metal die casting and 
sheet metal stamping.

Plastic injection molding produc-
es complex, lightweight parts and 
is often the � rst choice for automo-
tive applications. Non-conductive 
plastic parts are then coated with 
a thin metal layer, typically copper 
by physical vapor deposition for 
the best performance to cost ratio. 
Alternatively, die casting can be 
used to produce bulk aluminum or 
zinc parts. This solution offers su-
perior thermal and EMC handling 
and greater � exibility on some ge-
ometries. Finally, sheet metal manu-
facturing produces accurate thin 2D 
parts. Unlike other processes, this is 
cost-effective both at low and high 
volume by choosing between laser 
cutting, chemical etching or stamp-
ing. For this reason, it is often pre-
ferred for simple parts since it low-
ers the cost with respect to a fully 
3D product. Given the differences 
between each process, it is impor-
tant to choose the best one accord-

ter is offering a thermal connection 
to the active component while the 
surrounding walls improve the EMC 
shielding.

MANUFACTURING AND SUPPLY
Gapwaves has developed a va-

riety of manufacturing processes. 
Low volume prototyping is mostly 
handled by metal or plastic CNC 
machining, due to its speed and 
accuracy. This has proved to be a 
sensible � rst veri� cation and a reli-
able benchmark for the actual parts 
which have greater lead times and 
deviations. For high volume produc-

 Fig. 8  Using metallic layers improves 
the thermal and EMC performance of the 
radar sensor.

Shielding Wall

Thermal Pad

ing to the application. Moreover, it 
is quite common to combine them, 
for example, metal casting close to 
the electronics, molding for other 
3D parts and sheet metal for simple 
layers such as the radiating one, as 
shown in Figure 9.

When it comes to the supply 
chain, Gapwaves has partnered 
globally to manufacture its parts in 
the most � exible and cost-effective 
way. For low to mid volumes, anten-
nas can be delivered directly from 
Gapwaves facilities, while for large 
volumes, partners are extensively 
used. Gapwaves’s philosophy is to 
team up with large and established 
suppliers for volume scaling and 
expertise in cost-effective manufac-
turing. The company leverages its 
expertise in manufacturability by as-
sisting partners in getting the critical 
dimensions correct for proper per-
formance. The company has also 
developed the required equipment 
for the non-readily available pro-
cesses needed to transform loose 
parts into a complete antenna, such 
as assembly and test.
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lenging to master. Over the years 
the company has developed strong 
expertise to support customers and 
supply partners.

CONCLUSION
Gapwaves’ unique waveguide 

technology offers automotive radars 
unprecedented performance capa-
bilities. Thanks to the robustness and 
relaxed manufacturing tolerance, 
advanced antennas are now a reality 
for low-cost, mass-volume markets. 
Some of the key bene� ts are pow-
erful pattern control, full band sup-
port, minimal losses as well as sensor 
size reduction, thermal dissipation 
and EMC shielding. Moreover, le-
veraging the technology’s � exibility, 
a wide range of building practices 
and manufacturing processes are 
available for every application and 
volume. From nimble mass-volume 
to complex premium sensors, gap-
waveguide technology offers supe-
rior tailored solutions. These bene� ts 
enable any radar sensor to improve 
performance and help sensor manu-
facturers to meet the demands re-
quired by modern driver assist and 
autonomous systems.
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production lines as shown in Figure 
10. The system is fast and � exible, 
measuring any type of antenna in a 
few seconds.

Reliability is an aspect of para-
mount importance. The automotive 
industry typically requires demand-
ing environmental standards, in-
cluding harsh temperature, humid-
ity, shock and vibration tests. These 
products have been fully quali� ed 
to automotive standards, such as 
IEC60068-2, and perform tailored 
quali� cations at the customer’s re-
quest. The ruggedness of a product 
is the result of several design and 
manufacturing aspects and is chal-

RELIABILITY AND TESTING
As with any technology in a new 

market, building a reputation of 
maturity is crucial. For this reason, 
extensive testing and quali� cation 
are desired for ensuring defect-free 
manufacturing and reliable � eld 
operation. Interestingly, unlike PCB-
based antennas, waveguides enable 
easy and direct testing with their ac-
cessible interface. Measuring early at 
the antenna level has the advantage 
of unambiguously tacking its perfor-
mance and catching faulty units with-
out scrapping the entire assembled 
sensors. Seeing this upcoming need 
and opportunity, Gapwaves has de-
veloped an inline test system for the 

 Fig. 9  Antenna fabricated using 
multiple volume manufacturing 
processes.

 Fig. 10 Gapwaves rapid inline 
antenna test system.
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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.



coatings to make the bomber harder to detect, Austin 
said. “Fifty years of advances in low-observable tech-
nology have gone into this aircraft,” Defense Secretary 
Lloyd Austin said. “Even the most sophisticated air de-
fense systems will struggle to detect a B-21 in the sky.”

Other advances likely include new ways to control 
electronic emissions, so the bomber could spoof ad-
versary radars and disguise itself as another object, 
and use of new propulsion technologies, several de-
fense analysts said. “It is incredibly low observability,” 
Warden said. “You’ll hear it, but you really won’t see 
it.”

Six Raiders are in production. The Air Force plans to 
build 100 that can deploy either as nuclear weapons or 
conventional bombs and can be used with or without 
a human crew. Both the Air Force and Northrop also 
point to the Raider’s relatively quick development: The 
bomber went from contract award to debut in seven 
years. Other new fighter and ship programs have tak-
en decades.

Raytheon Intelligence & Space Demos 
Multidomain Advanced Tactical Comms

R
aytheon BBN, a subsidiary of Raytheon Tech-
nologies, recently showcased its Robust In-
formation Provisioning Layer (RIPL) solution 

during an Air Force Research Laboratory exercise at 
their Stockbridge Test Site in Rome, N.Y. 

During the exercise, the RIPL system allowed seam-
less and secure access to content for all users in the 
network, ensuring users received only what they re-
quested and what they were authorized to see. By 
combining advances in artificial intelligence and ma-
chine learning with advanced disruption tolerance 
protocols, RIPL was able to overcome the type of 
limited and intermittent connectivity expected in con-
tested environments, rapidly getting critical content to 
those who needed it.

Brian Holmes, program manager, AFRL Advanced 
Planning and Autonomous C2 Systems Branch, said the 
demonstration, which included three of the four mission 
divisions with AFRL/RI and two geographically separat-
ed locations was “executed flawlessly.”

BBN’s RIPL technology was successfully used to en-
able secure multidomain interoperability and informa-
tion dissemination at the tactical edge. It was dem-
onstrated using multiple waveforms and hardware 
platforms, as well as numerous data formats with both 
real and emulated components.

RIPL enables the Air Force Combat Cloud vision, which 
in turn will be a key enabler of the U.S. Air Force’s Ad-
vanced Battle Management System and the Depart-
ment of Defense’s Joint All Domain Command and 
Control vision. 
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Pentagon Debuts its New Stealth Bomber, 
the B-21 Raider

A
merica’s newest nuclear stealth bomber 
made its debut after years of secret develop-
ment and as part of the Pentagon’s answer 

to rising concerns over a future conflict with China.
The B-21 Raider is the first new American bomber 

aircraft in more than 30 years. Almost every aspect of 
the program is classified.

As evening fell over the Air Force’s Plant 42 in Palm-
dale, the public got its first glimpse of the Raider in a 
tightly controlled ceremony. It started with a flyover of 
the three bombers still in service: the B-52 Stratofor-
tress, the B-1 Lancer and the B-2 Spirit. Then the hangar 
doors slowly opened and the B-21 was towed partially 
out of the building.

The B-21 is part of the Pentagon’s efforts to mod-
ernize all three legs of its nuclear triad, which includes 
silo-launched nuclear ballistic missiles and submarine-
launched warheads, as it shifts from the counterterror-
ism campaigns of recent decades to meet China’s rapid 
military modernization.

China is on track to have 1500 nuclear weapons by 
2035, and its gains in hypersonics, cyber warfare and 
space capabilities present “the most consequential and 
systemic challenge to U.S. national security and the free 
and open international system,” the Pentagon said in 
its annual China report.

”We needed a new bomber for the 21st Century 
that would allow us to take on much more complicated 
threats, like the threats that we fear we would one day 
face from China, Russia,” said Deborah Lee James, the 
Air Force secretary when the Raider contract was an-
nounced in 2015.

While the Raider may resemble the B-2, once you 
get inside, the similarities stop, said Kathy Warden, 
chief executive of Northrop Grumman Corp., which is 
building the bomber.

“The way it operates internally is extremely ad-
vanced compared to the B-2, because the technology 
has evolved so much in terms of the computing capa-
bility that we can now embed in the software of the 
B-21,” Warden said.

Other changes include advanced materials used in 

B-21 (Source: AP Photo/Marcio Jose Sanchez)
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Cranking the Power on Radar Capabilities 

M
ilitary and civilian uses for radar range broad-
ly, and the possibilities for radar applications 
expand almost every day. Whether they are 

being used to navigate, control air traffic, track weather 
patterns, carry out search-and-rescue missions, map 
terrain or countless other functions, radar technologies 
are constantly advancing. 

As RF systems, radar capabilities hinge on the ability 
to sense and communicate across long distances while 
maintaining signal strength. Powerful RF signal capa-
bilities extend mission-critical communications and situ-
ational awareness, but the microelectronic technologies 
that strengthen RF output—specifically, high power 
density transistors—must overcome thermal limitations 
to operate reliably and at significantly higher capacity. 

DARPA looks to build on previous success in RF pow-
er output with its new transistor-focused THREADS pro-
gram. THREADS aims to overcome the thermal limits 
inherent to internal circuitry operations in general, and 
to critical power-amplifying functions specifically. Today, 
RF systems operate well below the limits of electronic 
capacity simply because the transistors, the basic build-
ing blocks of RF amplifiers, get too hot. With new mate-
rials and approaches to diffusing the heat that degrades 
performance and mission life, THREADS targets ther-

mal management challenges at 
the transistor level. 

Central to this effort will be 
reducing the thermal resistance 
involved in dissipating internal 
heat without degrading perfor-
mance or increasing the footprint 
of the transistors key to advanc-
ing radar capabilities. To that 
end, the work under THREADS 
in overcoming thermal limits can 

help realize robust, high power density transistors that 
operate near their fundamental electronic limit—achiev-
ing new levels in amplifying RF output power.

“Wide bandgap transistors, such as GaN, were de-
veloped specifically to improve output density in power 
amplifiers—and GaN does provide a greater than 5x 
improvement compared to previous-generation tran-
sistor technology. We also know that a further order-
of-magnitude increase in power output is possible in 
GaN, but it cannot be realized in sustained operation 
today due to excessive waste heat,” said Thomas Ka-
zior, DARPA program manager for THREADS. “If we can 
relax the heat problem, we can crank up the amplifier 
and increase the range of radar. If the program is suc-
cessful, we’re looking at increasing the range of radar 
by a factor of 2x to 3x.”
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tember 2022, 98 nations have commercialized 5G or 
are conducting 5G trials, compared to 79 at the end of 
2021. The majority of countries deploy 5G sub-6 GHz 
frequency bands, and only a few countries, including 
the U.S., South Korea, Japan, Italy, Australia, South Af-
rica, etc., have commercialized 5G mmWave.

Though 5G is commercialized, there is still a lot of 
ongoing technical development. In addition, 6G re-
search has already started. IDTechEx discusses the five 
key points regarding technical development in 5G and 
6G: Power management for sub-6 GHz MIMO radio, 
smart electromagnetic environment and small cell de-
ployment, Open RAN development, mmWave devel-
opment and 6G development.	

LoRa Alliance® Expands Certification 
Program to Include SCHC over LoRaWAN® 
Enabling IPv6 Solutions

T
he LoRa Alliance, the global association of 
companies backing the open LoRaWAN® 
standard for IoT low-power wide-area net-

works, announced that LoRaWAN certification is now 
available for end-devices using static context header 
compression (SCHC). Certification is based on the LoRa 
Alliance technical specifications for IPv6 published last 
May, which enable the deployment of IPv6 over Lo-
RaWAN solutions.

As previously announced, the first applications to 
leverage SCHC for IPv6 over LoRaWAN are smart me-
tering and IoT applications in the smart grid, just two 
of many applications re-
quiring the use of IPv6-
based standards. Solu-
tions using LoRaWAN for 
metering include proac-
tive consumption moni-
toring, leak detection 
warnings and automatic 
shutoffs and solutions for 
balancing electricity sup-
ply and demand. Easy 
and cost-effective to de-
ploy, LoRaWAN is ideal for identifying and managing 
unmeasured losses, which currently reach into the bil-
lions of dollars each year, in addition to helping to con-
serve energy. Similar benefits can be realized for water 
and gas metering, with LoRaWAN CertifiedCM devices 
communicating over open standards enabling scale to 
address these growing markets.

“As deployments continue to grow to the tens or 
hundreds of millions of devices, the importance of us-
ing open standards has never been greater,” said Don-
na Moore, CEO and chairwoman of the LoRa Alliance. 
“Certifying IPv6 over LoRaWAN for end-devices gives 

What Is the Status of 5G and What Can We 
Expect From 6G in the Future?

A
dding a new spectrum is key to each new 
generation of telecommunications. The two 
new frequency bands in 5G are sub-6 GHz 

(3.5 to 7 GHz) and mmWave (24 to 71 GHz). The initial 
wave of 6G development looks at expanding the spec-
trum to the THz area, with a special focus on the sub-
THz range (100 to 300 GHz).

The advantages of going up to a higher frequency 
band are obvious: substantial bandwidth (translating 
to large data throughput) and extremely low latency. 
These two key benefits enable the exploration of new 
applications that past generations of telecommunica-
tions were unable to explore. Nonetheless, severe sig-
nal attenuation when encountering obstacles, such as 
raindrops or walls, is a crucial bottleneck in the high fre-
quency spectrum.

The characteristics of different frequency bands will 
lead to drastically different deployment strategies. The 
foundation of mobile networks will still be based on low 
and mid bands I. On the other hand, higher bands will 
be deployed in regions with high population densities. 
For instance, the sub-6 GHz band is largely deployed 
for cities, where the majority of mmWave deployment 
is limited to population-dense venues such as stadiums 
and metro stations.

IDTechEx has examined the global 5G commercial 
and precommercial services by frequency. According 
to their findings, sub-6 GHz frequency bands domi-
nate more than 50 percent of 5G services. Another 38 
percent is based on the low and mid bands I, while 
mmWave accounts for just 9 percent. Sub-6 GHz fre-
quency ranges are more desirable for deployment for 1) 
a better balance of coverage and capacity and 2) prox-
imity to 4G frequency bands. It is not surprising that 
mmWave accounts for only 10 percent of the global 5G 
service deployment, given how economically unviable 
it would be to deploy mmWave at a large scale for pub-
lic networks.

5G is recognized as an important infrastructure for 
both developed and developing countries. As of Sep-

Visit mwjournal.com for more commercial market news.
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end users the level of certainty needed to deploy and 
benefit from IP-based solutions. With vendors now able 
to certify LoRaWAN end-devices using SCHC, custom-
ers can confidently commit to massive utilities deploy-
ments. This will further drive digital industrialization 
across a wide variety of new markets and applications, 
which will in turn enable massive IoT.”  

Bluetooth SIG Targets 6 GHz Frequency 
Band

T
he Bluetooth Special Interest Group (SIG), 
the trade association that oversees Blue-
tooth® technology, announced a new 

specification development project to define the op-
eration of Bluetooth Low Energy (BLE) in additional 
unlicensed mid band spectrum, including the 6 GHz 
frequency band. With over 5 billion products shipping 
each year, Bluetooth technology is the most widely 
deployed wireless standard in the world. A core rea-
son for its unmatched adoption and success is the con-
tinual evolution of the technology in key areas, includ-
ing higher data throughput, lower latency and greater 
positioning accuracy. The new spectrum expansion 
project will help ensure that these Bluetooth perfor-

mance enhancements 
can continue well into 
the future.

“Over the last 20 
years, Bluetooth tech-
nology has made our 
lives more produc-
tive, safer, healthier, 
and joyful,” said Mark 
Powell, CEO of the 
Bluetooth SIG. “The Bluetooth SIG community is con-
stantly evolving the technology to meet ever expand-
ing market demands for wireless communications. Ex-
panding into the 6 GHz spectrum band will ensure the 
community can continue to make the enhancements 
necessary to pave the way for the next 20 years of 
Bluetooth innovation.”

“The global allocation of additional spectrum for 
unlicensed use is vital to ensuring that wireless tech-
nologies can continue to meet growing connectivity 
demands,” said Kevin Robinson, president and CEO of 
Wi-Fi Alliance. “Designating 6 GHz for unlicensed use 
creates a valuable spectrum resource that is recognized 
globally for its ability to bring tremendous socioeco-
nomic benefits. Wi-Fi Alliance looks forward to collabo-
rating with the Bluetooth SIG to ensure our successful 
co-existence in the band.”

T.S.
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MERGERS & ACQUISITIONS
Infinite Electronics Inc., a global supplier of electronic 
components serving the needs of customers through a 
family of highly recognized and trusted brands, has an-
nounced that it signed a definitive agreement to acquire 
Cable Connectivity Group (CCG) from Torqx Capital 
Partners and TKH Group NV. The transaction is sub-
ject to customary regulatory approval and is expected 
to close in Q1 2023. CCG is a leader in the production, 
distribution and assembly of specialty cables and cable 
connectivity solutions. The company operates across 
Europe with offices and production and distribution fa-
cilities in the Netherlands, Belgium, Germany, Poland, 
Italy and China.

COLLABORATIONS
Anokiwave Inc., an innovative company providing 
highly integrated Si ICs for mmWave ICs, and MilliBox, 
a mmWave test setup manufacturer, announced a col-
laboration to facilitate development of a unique and ef-
ficient over-the-air test capability for mmWave phased 
array antennas that provides an accurate high volume 
test capability. mmWave active antennas are an integral 
part of the emerging mmWave 5G and satcom com-
munications systems.

ipoque GmbH, a Rohde & Schwarz company, an-
nounced that its cutting-edge deep packet inspection  
engine, R&S®PACE 2, has been selected by BBT.live, 
an Israel-based provider of enterprise-grade software-
defined connectivity solutions. The collaboration be-
tween both companies will enable real-time, advanced 
traffic insights for BBT.live’s suite of cloud-based solu-
tions powering service providers’ SDx services such 
as SD-WAN. ipoque’s R&S®PACE 2 will be deployed 
in BBT.live’s BeBroadband™ Edge software, the first-
of-its-kind software-defined, cloud-based solution for 
secure network connectivity. BeBroadband™ offers 
service providers a highly flexible, hardware-agnostic 
platform that connects customers’ branch offices, data 
centers, campuses and headquarters.

STMicroelectronics, a global semiconductor leader 
serving customers across the spectrum of electronics 
applications, and Soitec (Euronext Paris), a leader in 
designing and manufacturing innovative semiconduc-
tor materials, announced the next stage of their co-
operation on Silicon Carbide (SiC) substrates, with the 
qualification of Soitec’s SiC substrate technology by ST 
planned over the next 18 months. The goal of this co-
operation is the adoption by ST of Soitec’s SmartSiC™ 
technology for its future 200 mm substrate manufactur-
ing, feeding its devices and modules manufacturing 
business, with volume production expected in the mid-
term.

NEW STARTS
Pharrowtech, a growing market leader in mmWave 
solutions for next-generation wireless applications, has 
opened its first U.K. design center in the Thames Valley 
area. The U.K. office will be led by Dr. Mehul (Micky) 
Mehta and will help bolster the company’s resources 
and talent pool as it grows its product offering. Pharrow-
tech’s Leuven office has moved to Philipssite to accom-
modate the company’s growing team and operations. It 
boasts a new state-of-the-art mmWave laboratory with 
the latest equipment, including the most advanced 
mmWave network analyzer technology, several anecho-
ic chambers and chip characterization and qualification 
setups. The opening of Pharrowtech’s U.K. office and 
the move to a new headquarter office in Belgium qua-
druples the company’s office and lab capabilities.

ACHIEVEMENTS
Taking note of Dr. Ulrich L. Rohde’s outstanding con-
tributions to engineering and also his dynamic leader-
ship in the engineering domain that have contributed 
for the faster development of India, the Indian National 
Academy of Engineering (INAE) Council elected Dr. 
Rohde as a fellow of the INAE at its recent meeting 
under the special provision of Rule 37(g). Dr. Rohde is 
only the third foreign fellow elected by the INAE, Pro-
fessor David Jeffery Wineland and Philip Knight were 
the only others. The INAE was established in 1987 and 
is a “peer” body of distinguished engineers and tech-
nologists.

MegaPhase has achieved AS9100 certification, the 
gold standard in aerospace industry suppliers. Based 
on ISO 9001 standards for implementing a quality man-
agement system, the AS9100 standard goes further 
and includes additional requirements and regulatory 
measures to ensure suppliers produce traceable, high-
quality components for their customers’ most critical 
applications.

Qorvo® has received the 2022 award for Most Re-
spected Public Semiconductor Company in its category 
by the Global Semiconductor Alliance (GSA). GSA rec-
ognizes semiconductor companies that demonstrate 
excellence through their success, vision, strategy and 
future opportunities in the industry. The GSA Award is 
recognized globally as one of the most respected and 
prestigious awards a semiconductor company can re-
ceive.

Quantic Wenzel, an industry leader in crystal oscil-
lators, frequency sources and integrated microwave 
assemblies, announced the successful renewal of its 
International Organization for Standardization (ISO) 
9001:2015 certification. The extensive review process 
took place throughout October and was performed by 
the Performance Review Institute Registrar, an accred-
ited certification body. ISO 9001:2015 is a globally rec-

For up-to-date news briefs, visit mwjournal.comFor More
Information
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Barbara Walsh, Multimedia Staff Editor
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ognized quality management standard developed and 
published by the ISO. The standard is based upon vari-
ous quality management principles including a strong 
commitment to customer service, high functioning or-
ganizational management, a processed approach and a 
commitment continual improvement.

RADX® Technologies Inc., a U.S.-based small busi-
ness supplier of COTS high performance computing 
products and technologies for advanced test and mea-
surement and electronic warfare (EW) applications, an-
nounced that Pinaka Aerospace Solutions Pvt., a lead-
ing India-based aerospace and defense services and 
solutions provider for avionics, EW and communications 
applications, headquartered in Bangalore, India, has se-
lected RADX Trifecta-SSD® COTS SSD RAID modules 
for Pinaka Aerospace advanced, modular, PXIe-based, 
wideband, multi-channel RF and microwave record and 
playback systems.

PEOPLE
Fortify, a full stack materials science and additive 
manufacturing company, announced that Lawrence 
Ganti will succeed Josh Martin as CEO.  Josh Martin, 
co-founder and CEO will take on a new role as chief 

product officer. Lawrence Ganti 
brings more than 25 years of experi-
ence in leading global businesses, 
scaling start-ups and executing the 
delivery of new commercial models. 
Most recently, Ganti was president of 
SiO2 Materials Science, where he led 
the commercialization efforts and 
grew the company’s customer base 	S Lawrence Ganti
10x and manufacturing footprint 4x. 

As part of the U.S. Government’s Operation Warp 
Speed COVID-19 response, Ganti secured more than 
$250 million in grant funding for onshore advanced 
manufacturing.

Indium Corp. announced the promo-
tion of Claire Hotvedt to the role of 
senior product development special-
ist. As the senior product develop-
ment specialist, Hotvedt plays a high-
ly visible and critical role in the future 
of Indium’s solder paste business. This 
role exists in a cross-functional team 
environment in which she facilitates 	S Claire Hotvedt
team initiatives to execute the new 

product development process and deliver fully scaled, 
launched, marketable product solutions for PCB assem-
bly solder pastes. Additionally, she provides training to 
the sales and tech teams about new products and is 
responsible for introducing these products to industry-
leading customers.

Filtronic plc announced that it has recently employed 
several additional engineers to extend the capabilities 
of both its design team and its process engineering 
team. At the same time Filtronic has announced the 

opening of a new design 
center in Manchester, 
U.K., focused on develop-
ing mmWave technology 
for satcom applications. 
Following on from the ap-
pointment in October last 
year of Tudor Williams as 
director of technology,  	S Filtronic Management Team
Filtronic has further 
strengthened its technical 

team with the addition of new principal RF and filter 
design engineers. The engineering team has been fur-
ther expanded with the appointment of additional per-
sonnel, including MMIC and PCB engineers and two 
graduate engineers. Two process engineers have also 
been recruited, one of whom is a system-in-package 
specialist.

mmTron Inc., a fabless designer of 
mmWave broadband products for 
the satcom, 5G/6G, aerospace and 
defense markets, announced  the 
appointment of B. J. Stookey as 
sales manager, reporting to Dave 
Horton, vice president of sales and 
business development. A customer-
facing business development leader, 	S B. J. Stookey
Stookey brings more than two de-

cades of sales expertise in the RF/microwave industry 
working for companies such as Teledyne Microwave 
Solutions, Loral Microwave Group and Avnet Electron-
ics. Stookey previously served as director of high reli-
ability value added services for Teledyne Microwave 
Solutions, a supplier of integrated microwave assem-
blies optimized for the most demanding environ-
ments.

Intelliconnect (Europe) 
Ltd, a U.K.-based special-
ist manufacturer of RF, wa-
terproof and cryogenic 
connectors, have unveiled 
a new senior manage-

	S Intelliconnect (Europe) Ltd 
Management Team ment team following their 

recent acquisition by Trex-
on Global. Gareth Phil-

lips is now managing director and Steve Groves takes 
the role of sales and marketing director. Gareth and 
Steve were already in place as part of the planned re-
tirement of Roy Phillips, founder and CEO, to ensure 
continued smooth running of the company in line with 
Roy’s belief that people are the most important re-
source of any organization. He will be staying on in an 
advisory role for a period to make his wealth of experi-
ence available to the new team.

CAES, a provider of mission critical 
electronics for aerospace and de-
fense, announced that the Aerospace 
Industries Association (AIA) has elect-
ed CAES President and CEO Mike 
Kahn to its Board of Governors Exec-
utive Committee. AIA represents 	S Mike Kahn
more than 320 manufacturers and 
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Gapwaves high performance

waveguide antennas

•   Exceptional Performance

•   Compact formfactor

•   Flexible design

•   Cost efficient

www.gapwaves.com

embedded resistor foils for modern, mission critical ap-
plications.

REP APPOINTMENTS
HYPERLABS of Louisville, Colo., announced the ad-
dition of ProTEQ Solutions as their latest addition of 
U.S. sales representatives covering both New England 
and the Mid-Atlantic states. HYPERLABS is an industry-
leading provider of high performance components and 
test equipment with a focus on high speed data and 
time domain applications. HYPERLABS develops ultra-
broadband baluns, pickoff tees, bias tees samplers, am-
plifiers (and more) to 110 GHz. Focusing heavily on cut-
ting-edge yet budget-conscious designs, HYPERLABS 
also offers a range of benchtop pulse/impulse genera-
tors, TDR, TDT and signal path analyzers.

Mouser Electronics Inc., the New Product Introduction 
(NPI) leader™ empowering innovation, announced a new 
distribution agreement with Menlo Micro, a manufactur-
er responsible for creating a new category of electronic 
switches for RF, microwave, mmWave, AC/DC power 
solutions and more. Through the agreement, Mouser is 
now stocking Menlo Micro Ideal Switch® products. The 
Menlo Micro Ideal Switch delivers the benefits of both 
an electromechanical relay and a semiconductor switch 
with no compromises. The tiny, fast and reliable MEMS-
based switching devices withstand extreme tempera-
tures, boast ultra-low losses and can handle thousands 
of watts. Plus, they can be manufactured at scale with 
conventional semiconductor equipment.

suppliers across every sector and tier of the aerospace 
and defense industry. AIA is led by an executive com-
mittee that meets frequently to direct its policy guid-
ance through the involvement of CEO-level officers of 
the country’s major aerospace companies. The govern-
ment frequently seeks advice from AIA on issues, and 
AIA provides a forum for government and industry rep-
resentatives to exchange views and resolve problems 
on non-competitive matters related to the aerospace 
and defense industry.

Quantic™ Electronics, a portfolio 
company of Arcline Investment Man-
agement, announced that Lisa Wil-
helm has been promoted to general 
manager of the company’s resistor 
portfolio, composed of its Quantic 
Ohmega and Quantic Ticer business-
es. Wilhelm will replace Bruce Mahler, 	S Lisa Wilhelm

who will retire after 39 years in the in-
dustry. Prior to her time at Quantic, Wilhelm served as a 
global account manager at both TTM Technologies and 
Viasystems. Before then, she worked as a chemical pro-
cess engineer at Zycon Corporation. Wilhelm holds a 
B.S. in Chemical Engineering from Lehigh University. 
Quantic Ohmega and Quantic Ticer are leaders in the 
design and production of high performance, thin film 
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DAICO Employees: ~ 60
Annual Sales: ~ $12 Million

Facility: 40,000 Sq. Ft.
Engineering Engineering 

Production MIC & SMTProduction MIC & SMT
In-house TestingIn-house Testing

56+ Years Serving- 56+ Years Serving- 56+ Years Serving- 

Defense/MilitaryDefense/MilitaryDefense/Military

AerospaceAerospace

IndustrialIndustrial

Control Products: Control Products: Switches,  Switches,  

Attenuators, Limiters, Phase Sifters...Attenuators, Limiters, Phase Sifters...

MFAs: Up-Converters, Switch Matrix,  MFAs: Up-Converters, Switch Matrix,  

TR Modules...TR Modules...

Amplifiers: High Power, Pulse Radar, Amplifiers: High Power, Pulse Radar, 
Broadband...Broadband...

Transmitters: Surveillance Radar, Transmitters: Surveillance Radar, 

Weather Profiler, Mission Critical...Weather Profiler, Mission Critical...

Build-To-Print: Design Modernization, Build-To-Print: Design Modernization, 
Contract Manufacturing, Pick & Place Contract Manufacturing, Pick & Place 
Assembly, Automated Test...Assembly, Automated Test...

Duns: 04-223-4013Duns: 04-223-4013
Cage Code: 28983Cage Code: 28983

Contact: Contact: 
Tel: (310) 507-3242Tel: (310) 507-3242

email: sales@daico.comemail: sales@daico.com

DFLB9202: Absorptive BPF
• Multi-Octave Passband
• Multi-Octave Absorptive Rejection
• 50W CW High Power Handling

Isolated 8-Way Power Divider: DPD8921                          Isolated 8-Way Power Divider: DPD89219 
• 8-Way L-Band High-Power Divider • Excellent Reverse Isolatio• 8-Way L-Band High-Power Divider • Excellent Reverse Isolation

    • Outstanding Port-to-Port Isolation

PASSIVE COMPONENTS

CONTROL COMPONENTS & MFAs

CSW29283: SP2T SWITCH
• 8-12 GHz X-Band 
• 100W Power Handling

• PIN Diode Technology

DTX09661:DTX09661: Innovative (7+1) DSCUInnovative (7+1) DSCU
• Patented (m+n) Divider and Combiner SchemePatented (m+n) Divider and Combiner Scheme
• 30kW Ultra-high Power L-Band Operation 30kW Ultra-high Power L-Band Operation
• Power Degradation for Mission Critical SSTxPower Degradation for Mission Critical SSTx

Ultra-Linear Broadband Amplifier: DAMH9355-   Ultra-Linear Broadband Amplifier: DAMH9355-1

     • 50-2000 MHz Broadband/33 dBm P1d1dB

• 48 dBm IP3 Ultra-Linea Ultra-Linear
•10-15 VDC and 1.5"x2.5"x0.75" Small Profi•10-15 VDC and 1.5"x2.5"x0.75" Small Profile

CTX09660-1: Innovative Long Pulse HPA
• Patented PAU Configuration with GaN 
• 1.2-1.4 GHz/4kW 2mSec Pulse Power
• 40W/in3 Ultra-High Power Density

             C-Band/50W HPA: DAMH9320

          • GaAs and GaN Technology
   • 5.1-5.9 GHz/50W Power Amplifier

                • +28 VDC Nominal

CTX09664: L-Band Scalable 30kW (7+1) CHPA
• Patented (m+n)ART CHPA Architecture
• Flexible and Scalable up to C-Band and MW
• Liquid Cool 19" Rack Mount Common Platform

POWER AMPLIFIERS

TRANSMITTERS

PRODUCTS & SERVICES

High Power 5-BIT Phase Shifter: DPS59314 
• 2.5kW 5-BIT IFF Phase Shifter  • +5VDC/-140VDC Supplies

• 5.00"x4.00”x0.75" Small Profile

Insight & Innovation Design Release 2023

January 2023

Notable DAICO Legacy Designs

DAICO provides the continued support for Legacy Designs and we Redesign 
for Form, Fit & Function with new Technology as requested

100D1313-1

Antenna Selector

CDA0970/B1

Attenuator,Attenuator, 3 Bit3 Bit

CTD02064

Threshold Detector

CSA09247

T/R SW LNA

CSW48067-1

Switch, SP4T

CMF09490 

T/RT/R ModuleModuleT/R Module

CSW25050-1

Switch, SP2T

CSW45150/B2

Switch, SP4T

CPS49092 

PhasePhase Shifter, 4 BitShifterPhase Shifter, 4 Bit4Phase Shifter, 4 BitBitPhase Shifter, 4 Bit

CSW29161

Switch,Switch, SP2TSP2T

CAMH9167 & 

CAMH9165

BBroadband  dbBroadband  dBroadband  

LLinear 

AAmplifier 

AAssembly

CSW89178

Switch, SP8T

CAMH9224 

HPA/Driver Pulse Amplifier

DS0632 

Switch, SP2T

CSA09109

C/D Band Switch

• DC-400 MHz Freq. Range
• 5-Port Antenna Selector
• 0.3 dB Insertion Loss 
• 90 dB Switch Isolation

• 500-2000 MHz Freq. Range
• 5-Channel Matched SPST
• 0.68 dB Insertion Loss
• 82 dB Switch Isolation

• GaAs, Absorptive
• 5-2000 MHz Freq. Range
• 10 nSec Switch Speed
• SMT, 14 PIN

ANTENNA SELECTORS SWITCHES

• GaAs, Absorptive
• 50-1100 MHz Freq. Range
• 80 nSec Switch Speed
• SMT, 10 PIN

• GaAs,• GaAs, AbsorptiveAbsorptive• GaAs, Absorptive
• 5-300 MHz Freq. Range
• 0.88 dB Insertion Loss
• SMT, 24 PIN Dihedral

• GaAs, Absorptive
• 50-100 MHz Freq. Range
• 0.65 dB Insertion Loss
• SMT, 16 PIN Flat Pack

• PIN Diode, T/R Switch
• 570-2500 MHz Freq. Range
• 0.58 dB Tx Insertion Loss
• 80 dB Tx/Rx Isolation

• PIN Diode, Absorptive
• 250-500 MHz Freq. Range
• 0.5 dB Tx Insertion Loss
• 67 dB Switch Isolation

CONTROL COMPONENTS

• 1215-1400 MHz Freq. Range
• STEP: 6dB/12dB/24dB
• 250 nSec Switch Speed
• 1.11:1 VSWR

•• 1215-1400 MHz Freq. Range1215-1400• 1215-1400 MHz Freq. RangeMHz• 1215-1400 MHz Freq. RangeFreq.• 1215-1400 MHz Freq. RangeRange• 1215-1400 MHz Freq. Range
• STEP: 22.5°
• 660 nSec Switch Speed
• 1.25:1 VSWR

• 10-500 MHz Freq. Range
• 0.8 dB Hysteresis
• 7.8 mSec Response
• TO-8, 5 PIN

MFAs

• 1215-1400 MHz Freq. Range
• 66 dBm Tx Power
• 26.8 dB LNA Gain
• 50 dB T/R Isolation

• 20-1000 MHz Freq. Rangege• 20-1000 MHz Freq. Range
• 53• 53 dBm Tx PowerdBm• 53 dBm Tx PowerTx• 53 dBm Tx PowerPower• 53 dBm Tx Power
• 0.8 dB Insertion Loss
• 60 dB T/R Isolation

POWER AMPLIFIERS

• 50-3000• 50-3000 MHz Freq. RangeMHz• 50-3000 MHz Freq. RangeFreq.• 50-3000 MHz Freq. RangeRange• 50-3000 MHz Freq. Range
• 35 dB Gain
• 33 dBm P1dB

• 1.7:1 VSWR

• 1200-1400 MHz Freq. Range
• 62 dBm Tx Power
• 320 µS Pulse Width
• 10% Duty Factor

Contact: 
Tel: (310) 507-3242

email: sales@daico.com

www.www.DAICO.com
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Our Mission

DAICO  Industries, Inc. is committed  

to delivering Best-In-Class: Performance, Quality,  

Reliability and Value to our customers; and to the relentless  

pursuit of 100% Customer Satisfaction.

DAICO Industries, Inc.  

56 years of providing custom IF/RF/Microwave design, manufacturing  

and test solutions at our Carson CA facility; Products and  

Services Include Control Components, 

Multi-Function Assembly, Amplifiers, 

Transmitters and 

Build-to-Print.

DAICO Solid State 

Transmitter Replacement 

for Legacy Klystron and 

TWT TechnologiesTWT Technologies

DAICO High 

Power Capability 

for Military Defense, 

Air Traffic Control and Air Traffic Control and 

Critical Commercial Critical Commercial 

ApplicationsApplications

THE (m+n)ART™ ARCHITECTURE  

ELIMINATES DOWNTIME

DAICO’s patented solid state transmitter technology  DAICO’s patented solid state transmitter technology  

applies to platforms where high reliability, high power 

and mission critical operations are required at the 

frequency range of up to C-Band. It can be implemented frequency range of up to C-Band. It can be implemented 

for air and liquid cooling applications.for air and liquid cooling applications.

30kW Common Platform CHPA Building Block: 

 z Applicable for UHF to S Bands 

 z Unprecedented Power Density 20kW/ft3 

 z 19 inch EIA-310 Rack Mount Compliance 

 z Ground Base and Shipboard Applications 

 z Scalable for Airborne Deployments

Unsurpassed DAICO Engineering

The innovative Transmitter/HPA architecture revolutionizes 

transmitter Availability, Reliability, Maintainability and 

Affordability. DAICO’s DTX09501 Solid State Transmitter 

was proven in a mission critical ASR-3 Radar deployment. 

It achieved the unprecedented 99.99% availability, graceful 

power degradation and hot-swap capability.  

AVAVAILABILITY
REDUNDANCY

RELIABILITY
ARCHITECTURE
AFFORDABILITY

 DAICO  TRANSMITTER BROCHURE PDF

Flexible and Scalable 

Combined HPA (CHPA) Building Block 

Architecture achieves hundreds of kW power. 

The Daico Solid State Transmitter Solution truly 

outperforms the legacy Klystron and 

TWT technologies and demonstrates 

outstanding SWaP-C factors.

www.DAICO.com

AS9100D
ISO 9001:2015

Certified

DAICO provides the continued support for Legacy Designs and we Redesign 
for Form, Fit & Function with new Technology as requested
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How Additive Manufactured 
Dielectrics May Solve the 
Challenges of “Air-Like” 
Dielectrics
Colby Hobart
Fortify, Boston, Mass.

Air is essentially the second most useful dielectric after a vacuum from an electrical performance 
standpoint as it applies to high frequency circuits. Unfortunately, air is a challenging substance 
with which to fabricate precision structures. The next best option to a pure air dielectric is to 
build structures using as much air as possible within a dielectric structural medium. This is where 
high performance dielectric foams come into play. These foams are nearly completely air with a 
minimal amount of structural polymer, ceramic or glass for physically connecting high frequency 
structures while minimally impacting electrical performance.

These types of foams are 
used in high performance 
advanced antenna system 
(AAS) panels, radomes, RF 

windows and many other RF struc-
tures where air would be preferred, 
but structure is needed. Though the 
effective dielectric constants (Dk) 
and loss tangents (Df) of these foams 
is typically good, almost that of air, 
they present a variety of design and 
fabrication challenges. Mainly, they 
are weak to compressive forces, 
tend to crush during lamination and 
have no clear and reliable pathway 
to support high frequency plated-
through-holes.

An emerging option, additively 
manufactured (AM) dielectric foam, 
is fabricated using advanced 3D 
printing techniques and new low Dk 
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TABLE 1
PROPERTIES OF SEVERAL DIELECTRICS

Dielectric Constant 
Relative to Vacuum, r

Dielectric Loss 
(Loss Tangent)

Vacuum 1 0

Air @ Standard Atmosphere 1.00058986 ~0

PTFE 2.0 – 2.1 0.00028 @ 3 GHz

Rogers RT/Duroid 5880 LZ 2.00 0.0021 @ 10 GHz

Polyethylene LDPE/HDPE 2.26 0.00031 @ 3 GHz

ABS Molded Plastic 2.0 –3.5 0.005–0.019

Rogers RadixTM (3D Printable 
Resin)

2.8 0.0043 @ 10 GHz

Fused Quartz (Fused Silica) 3.8 0.0001 @ 10 GHz

FR4 ~4.4 0.008 @ 3 GHz

Glass (Corning 7059) 5.75 0.0036 @ 10 GHz

Beryllium Oxide 6.7 0.006 @ 10 GHz

High Purity Alumina ~9.5 0.0003 @ 10 GHz
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with a relative permittivity of ap-
proximately 1.00059 at standard 
temperature, pressure and humidity 
(see Table 1). This compares to the 
relative permittivity of perfect vac-
uum (free space) at precisely 1, by 
definition. The dielectric loss, or loss 
tangent, of a vacuum is zero, where 
air is close enough to zero that it is 
largely considered negligible.

It is also important to note that 
the characteristics of air as a dielec-
tric are stable over frequency, even 
into terahertz frequency ranges. 
This is particularly attractive, as 
many other common dielectrics are 
not stable over frequency, though 
some are stable over large frequen-
cy ranges. This is why air is used to 
create high Q-factor capacitive cou-
pling structures such as those used 
in the latest AASs.

The dielectric strength of air at 
standard atmospheric conditions is 
roughly 30 to 70 V/mil or 118 to 276 
MV/m. This is relatively low com-
pared to other dielectrics, which 
means care must be taken when us-
ing air or air-like dielectrics in high-
power applications where peak volt-
ages could reach the breakdown 
point.

DRAWBACKS OF DIELECTRIC 
FOAMS

To overcome the challenge of 
structurally supporting electrical 
and mechanical components of RF 
systems with air, some type of solid 
dielectric structure is needed. This is 
where dielectric foams have carved 
a niche.1 These foams are typically 
made from polymers or other di-
electric materials that can be reli-
ably fabricated with large pores or 
gaps (voids) in their structure while 
still allowing for mechanical shaping 
and coating/layering. The combina-
tion of air and dielectric structure in 
these foams effectively reduces the 
overall dielectric constant and loss 
tangent as a function of the air-to-
dielectric volume ratio (void fraction 
or void ratio). The higher the volume 
ratio of air, the closer the complex 
dielectric properties are to air. This 
is why some dielectric foams can be 
made with dielectric constants of 
approximately 1.1 to 1.2 with com-
parably low loss tangents, as they 
are mostly air by volume.

It is important to note that the 

foam, leveraging 3D printed tech-
nology, may provide a pathway to 
address these challenges.

WHY & WHERE AIR IS BETTER
For low loss and low dielectric 

constant (Dk) applications, a vacu-
um is the ideal dielectric. However, 
in atmospheric applications, main-
taining a vacuum is rarely feasible. 
In atmospheric cases, air is the most 
ideal realizable dielectric material, 

and low loss dielectric composites. 
This new method generates dielec-
tric lattice structures that mimic the 
effect of air-filled foams while pro-
viding structure where needed to 
support selective metallization and 
mechanical support.

 This article aims to educate 
readers on the state of dielectric 
foam technology, the challenges it 
presents to designers and AAS fab-
ricators and how new AM dielectric 
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actual effective complex dielectric 
properties are a ratio of the volume 
fraction of the material that the elec-
tric � elds pass through. This makes 
precise control and conformity of 
the foam extremely critical, as any 
inconsistencies in the effective di-
electric properties could lead to 
degradation in the performance of 
the desired function of the foam, 
be it for example, an RF window, 
radome, lens or part of a laminated 
stack.

A growing use for dielectric 
foams has been as part of a lami-
nated stack between circuit com-
ponents and between coupled 

antenna elements in upper micro-
wave and mmWave AASs. A critical 
design consideration for these AAS 
stacks is to minimize the dielectric 
constant and loss tangent between 
the coupled antenna elements 
while still providing structure that 
allows for precision alignment and 

� xturing.
Dielectric foams, 

being mostly air, 
typically do not 
have any substan-
tial compressive 
strength, especially 
when fabricated 
as relatively thin 
sheets needed 
for AASs. This be-
comes a substan-
tial fabrication 
challenge, as com-
pression is needed 
to laminate sheets 

into stacks of substrates and elec-
tronics. Lamination is also common-
ly used to add metallic conductive 
layers to dielectric substrates. In 
either case, the susceptibility of di-
electric foams to compression typi-
cally leads to crushing during lami-
nation, where some thickness of the 
dielectric foam is lost close to where 
the laminating force is applied, and 
at � xture/support points as well.

HOW AM MAKES BETTER 
STRUCTURES

The degrees of freedom and 
material selection capability enable 
AM dielectric foam structures to be 
made with a wide range of dielec-
tric and structural properties that 
can be designed and tuned for a 
speci� c application. In this case, AM 
dielectric foam can be fabricated 
to have foam-like/air-like dielectric 
properties but with superior struc-
tural properties. Moreover, an AM 
dielectric foam can be designed so 
that areas requiring foam-like elec-
trical behavior are fabricated with 
the appropriate characteristics, but 
other areas, such as � xture areas or 
attachment points, are fabricated 
in a way that better � ts the desired 
feature performance.

AM dielectric foam can be made 
to be foam-like in the same way 
that dielectric foams are designed 
to be air-like. The concept involves 
designing the structures to have 
the volume ratio of air-to-dielectric 
as high as possible while maintain-
ing the designed structure. Where 
foams are formed of a multitude of 
small roughly spherical shells, AM 
dielectric foam is fabricated using a 
hollow lattice structure. Traditional 
AM dielectric foam geometries such 
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 Fig. 1  CAD sketches of 3D dielectric 
substrates with waf� e (a) and honeycomb 
(b) internal structures. Lids not shown.

(a)

(b)

 Fig. 2  Luneburg-style GRIN lens 
constructed of gyroid unit cells using 
varying wall thicknesses to control the 
air-fraction and effective permittivity of 
the “shells” within the spherical lens.

1.26 Dk

1.59 Dk

Lens Cross-Section
1.92 Dk

 Fig. 3  Gyroid effective permittivity and air fraction vs. wall 
thickness.

2.5
2.3
2.1
1.9
1.7
1.5
1.3
1.1
0.9
0.7
0.5
0.3
0.1

W
al

l T
hi

ck
ne

ss
 (m

m
)

1.0 1.2 1.6 1.8 2.0 2.21.4 2.4 2.6 2.8
Effective Permittivity

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

A
ir Fraction (%

)

Wall Thickness
Air Fraction

TABLE 2
εr AND AIR FRACTION VS. WALL 

THICKNESS, 5 MM GYRO

εr Air 
Fraction

Wall 
Thickness

1.055 0.9615 0.1

1.111 0.9229 0.2

1.168 0.8842 0.3

1.226 0.8452 0.4

1.285 0.8066 0.5

1.346 0.7678 0.6

1.408 0.7284 0.7

1.470 0.6896 0.8

1.534 0.6504 0.9

1.601 0.6106 1.0

1.668 0.5713 1.1

1.737 0.5313 1.2

1.809 0.4907 1.3

1.881 0.4504 1.4

1.956 0.4097 1.5

2.033 0.3684 1.6

2.113 0.3265 1.7

2.196 0.2843 1.8

2.281 0.2417 1.9

2.370 0.1979 2.0

2.462 0.1535 2.1

2.560 0.1079 2.2

2.645 0.069 2.3

2.759 0.0179 2.4

2.800 0.0 2.5
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used to realize variable dielectric 
performance, effectively realizing 
metamaterial dielectric structures. 
With proper design, this technique 
can be used to design and fabricate 
3D RF lenses, such as GRIN Lune-
burg-style RF lenses.3-5 There are a 
variety of other uses for metamate-
rial dielectric structures made from 
AM materials, however, to achieve 
air-like or dielectric foam-like perfor-
mance, the volume fraction of the 
lattice structure must be as confor-
mal throughout the volume as pos-
sible.

Unlike dielectric foams, air-like 
AM dielectric foam can be designed 
so that the external surfaces that un-
dergo stress are solid or incorporate 
additional structures that are more 
wear resistant, have higher com-
pressive strengths (up to 400 PSI 
currently), or can be designed to 
better support attachments or � x-
turing. In fact, an AM dielectric foam 
can be designed in such a way that 
all mechanical and structural fea-
tures are fabricated along with the 
air-like volume sections (see Figure 
4). With this capability, indexing 
structures and mechanical attach-
ment points can be manufactured in 
a single step, as opposed to various 
steps with the potential for toler-
ance and yield issues.

Using an AAS as an example, 
an air-like AM dielectric foam can 
be designed such that the coupled 
antenna structures are precision 
indexed from the top and bottom 
sections of a laminated stack with 
the air-like volume sections in be-
tween the coupled antennas and 
denser sections toward where the 
indexing, attachment and/or � xtur-
ing points are located. In this way, 
the surfaces to be laminated, met-
allized or otherwise combined with 
the AAS stack can be designed to 
reliably withstand the forces intrinsic 

structures to be developed from 
a 3D matrix of unit cells. Hence, 
very precise control of the volume 
fraction can be achieved and the 
design of a 3D object larger than 
a unit cell is a relatively simple mat-
ter of � lling a volume with unit cells 
and potentially even partial unit 
cells that still meet the volume frac-
tion criteria.

Combining unit cells and varying 
the unit cell volume fraction can be 

as honeycombs or grids are simple 
examples (see Figure 1).2

More modern and sophisticated 
AM dielectric foam is fabricated us-
ing more complex lattices based 
on a unit cell design, such as a gy-
roid for a gradient-index of refrac-
tion (GRIN) lens (see Figure 2). This 
approach enables the unit cell to 
be designed with a given air-to-
dielectric volume fraction (see Fig-
ure 3 and Table 2), and for larger 

 Fig. 4  3D printed foam material.



Noise Figure In Select Frequency Bands 

Frequency (GHz)

N
o

is
e

 F
ig

u
re

 (
d

B
)

5.00

4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00
0           2           4           6           8         10         12        14        16         18         20         22        24         26         28         30         32         34         36         38         40         42         44        46         48         50

4.5dB

4.0dB

2.8dB 2.8dB

2.5dB

1.2dB

0.9dB

0.7dB

0.35dB

0.7dB
0.5dB

1.2dB

1.8dB

1.3dB

1.5dB

TECHNOLOGIES
Innovating to Excel

Has Amplister Performance or 
Delivery Stalled Your Program?

www.bnztech.com

Frequency Bands 

Visit us in Booth 423 at 

the IMS 2013.  B&Z is the 

preferred source for high 

perfomance amplisters.



60 	 	 MWJOURNAL.COM  JANUARY 2023

TechnicalFeature

The PD-8-500-6000-S is a great complement 

to I.F.Engineering Corp’s power divider lineup.

The wideband operation covers 500 MHz to 

6000 MHz frequency range using a compact 

architecture. This matrix is ideal for upgradin-

gapplications that need to include UHF Band,

L band, S band, and C band.

Newer site equipment can be used while still

supporting older equipment.

There are 3 mounting surfaces providing 

tapped threaded holes, each connectorized 

surface and the bottom. The bottom provides 2 

#6-32 holes, while each connectorized surface 

has 2 #4-40 holes available giving a number of 

mounting options.

Ask for an outline drawing and quote today.

sales@ifengineering.com

PD-8-500-6000-S

POTENTIAL OF AM DIELECTRIC FOAM
One of the largest drawbacks of dielectric foams is 

that they are not readily metallized without lamination 
or some other type of adhesive attachment of metallic 
conductors. There also is no clear path toward metalliz-
ing dielectric foams to produce conformal and planar 
metallic layers suitable for RF transmission lines and cir-
cuits.

This includes creating metallic vias in the z-axis. It is 
possible to insert a cylindrical metallic conductor tubes 
or pins inside a machined hole in a dielectric foam and 
use some type of conductive adhesive or soldering pro-
cess to form a via, though this process is somewhat er-
ror prone and not as high performing as true vias with 
metallic attachments, such as soldering or selective 
metallization. Inserting via tubes or pins may also lead 
to clearance issues with the top and bottom laminated 
sections in a stack.

This is one of the key areas where AM dielectric foam 
has the potential to address many of the design chal-
lenges associated with AAS and other high performance 
stacked RF circuits. It is already possible to perform re-
liable and high performance selective metallization or 
even complete metallization of AM-EDS materials that 
are well suited to very high frequency (greater than 90 
GHz) applications. Using air-like AM dielectric foam 
with design features, such as a solid planar surface with 
good surface finish and solid-wall via sections, for se-

to lamination or other manufacturing/assembly stages.
RF lenses and/or radomes can also be fabricated us-

ing AM technologies that enhance the coupled anten-
na structure performance using the same technology, 
which may potentially limit sourcing and supply chain 
issues of the RF dielectrics and reduce AAS bill-of-ma-
terial complexity.

Using an AM dielectric foam approach to design and 
fabricate AASs or similar complex RF structures funda-
mentally changes the design approach and can pos-
sibly simplify the design by enhancing the degrees of 
freedom available to designers.

One area of simplification is in the design process, 
through electromagnetic (EM) simulation, parametric 
optimization and iterative design practices. Making 
use of AM dielectric foam, including air-like struc-
tures, enables very rapid prototype and develop-
ment cycles, especially in software. Where traditional 
dielectric foam and other dielectric structural mate-
rials must be mostly designed in advance and only 
tweaked slightly based on feedback from EM simu-
lation and parametric optimization, an AM-EDS ap-
proach allows for much more freedom of design and 
simulation with proxy structures that can then later be 
refined and fabricated with AM dielectric foam. This 
includes non-planar structures and even larger struc-
tures, as indexing can be designed into AM dielectric 
foam parts.
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ers in the design process, it may be 
possible to design entire AAS and 
complex RF structures using (AM) di-
electric foam technology, including 
the dielectric substrates, planar/3D 
circuit elements including vias, air-
like (low Dk and low Df) volumes, 
RF lenses, radomes, RF windows 
and even the structural elements. It 
is possible to AM both low Dk and 
low Df polymer composite, as well 
as low Df ceramics for high-power 
and high heat applications.

CONCLUSION
Air-like AM dielectric foam can 

be designed to support high pres-
sure and precision lamination; and, 
it provides a pathway for selective 
metallization and metallic vias. The 
different materials available and the 
degrees of freedom enabled by AM 
of dielectrics provides designers 
with a much greater potential to in-
novate and work around previous 
challenges in the design process 
of complex 3D RF systems, such as 
AASs.
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and high aspect ratio vias to be 
developed if there is a method for 
masking of the portions of the struc-
ture that should not be metallized. 
Conical vias could also be viable 
for selective metallization of the in-
ner wall of the via structure, which 
would enable laser selective activa-
tion in even high aspect ratio vias.

With more development in met-
allization processes and early in-
volvement of AAS and RF design-

lective metallization can enable truly 
3D RF circuits with air-like dielectric 
structures and dielectric substrates 
in a simplified process.

There are clearly some limita-
tions on the thickness and diameter 
of vias that can be metallized with 
selective metallization processes, 
such as laser selective activation 
metallization, though non-selective 
techniques using electroless metal-
lic plating could enable even small 
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RF Performance Characterization 
of Direct Digital Wideband 
Transceivers Using Digital/
RF Cross-Domain Stimulus 
Response
Hiroyuki Maehara, Mark E. Hanni, Nader Srouji and Dara Sariaslani
Keysight Technologies Inc., Santa Rosa, Calif.

 
With advancements in system integration and high speed data converters, high performance 
phased array antenna (PAA) systems become practical in very small form factors. This expands 
their use cases in a variety of communication and RF sensing applications.1,2 This article discusses 
the performance characterization challenges associated with highly integrated RF front-end and 
digital baseband devices, including the RF path in digital beamforming or software-defined radio 
devices, RF transceiver ICs and high speed data converters. The development of a new digital 
and RF cross-domain stimulus/response method is introduced using a vector network analyzer 
(VNA) and measurement examples are provided for a digital and RF mixed signal device.

T ypical communication and RF 
sensing systems are configured 
with RF front ends, frequency up- 
and down-converters and digital 

baseband sub-modules with signal condi-
tioning in each stage, as required. When RF 
systems are used on various platforms, such 
as unmanned aerial vehicles, airplanes (con-
formally mounted to the surface) or mobile 
equipment—size, weight and power con-
sumption must be considered for platform 
compatibility. As more versatile and capable 
RF systems are developed for small plat-
forms, the level of integration continues to 
accelerate.

Highly integrated RF systems often con-
sist of multiple RF channels, minimized in-
terconnects between functional blocks, the 
possible introduction of direct RF to digital 
conversion and the migration of hardware 

functions to software signal condition-
ing and analysis (see Figure 1). This new 
RF front-end architecture becomes practi-
cal with advancements in higher frequency 
packaging and high speed data converters, 
i.e., analog-to-digital (ADC) and digital-to-
analog (DAC). Such integrated RF front-end 
architectures bring many benefits such as 
improved performance, wider operating fre-
quency ranges and greater flexibility. They 
also introduce many new challenges, how-
ever, especially for design verification and 
testing.

RF PERFORMANCE 
CHARACTERIZATION CHALLENGES

Engineers are well equipped with test 
instruments for performance characteriza-
tion on RF systems under development if 
the device under test (DUT) is defined with 
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ponents. However, 
the RF stimulus 
response measure-
ment and calibra-
tion methodolo-
gies used in VNAs 
are no longer suit-
able for testing de-
vices that directly 
convert digital and 
RF signals. There-
fore, RF signal 
analyzers and gen-
erators are the only 
available options. 
The drawback is 
that the measure-
ments often rely 
on assumptions of 
linearity and signal 
� delity of the in-
strumentation used 
and the digital data 
analysis capability 
of the engineers. 
This makes current 
measurement op-
tions not nearly as 
dependable as the 
VNA’s RF stimulus 

response methodology.

Performance Deviation in Higher 
Frequencies and Wider Bandwidths

The operating frequencies of RF 
systems with high speed data con-
verters continue to increase, some-
times up to mmWave frequency 
ranges. The end applications use 
designated frequency channels in 
these frequencies, but the equip-
ment needs to be tested over the 
entire operating bandwidth. As RF 
performance becomes frequency 
dependent at higher frequencies 
and wider bandwidths, it is impor-
tant to test at � ner frequency reso-
lutions to obtain an accurate under-
standing of frequency dependen-
cies (see Figure 2). It is simple for RF 
devices that can be characterized 
with traditional VNA measurement 
techniques. However, it becomes 
more dif� cult and requires more ef-
fort for digital and RF mixed signal 
devices.

DIGITAL RF CROSS-DOMAIN 
STIMULUS AND RESPONSE 
MEASUREMENT METHOD

This new test methodology ad-
dresses the engineering challeng-

RF input and output ports. Unfortu-
nately, this is no longer the case for 
highly integrated RF systems. The 
DUTs are de� ned with mixed RF 
and digital input and output ports, 
such as digital baseband integrated 
RF front ends, wideband transceiver 
ICs and high speed data converters.

Digital Data Analysis
Modern digital and RF integrated 

devices and modules contain high 
speed data converters, often ca-
pable of giga-samples per second 
sample rates. Testing the front-end 
RF performance of these devices 
requires recording and analyzing 
the digital output data bits. As the 
sampling rate increases for greater 
bandwidth, more digital data must 
be processed and analyzed. Re-
cording digital data to analyze the 
entire operating RF band becomes 
time consuming. For systems with 
many RF paths such as PAA systems, 
this must be repeated hundreds of 
times, making complete character-
ization time consuming and costly.

Conventional Test Tool Limitations
VNAs are commonly used for pre-

cise performance characterization 
of RF front-end modules and com-

 Fig. 2  Receiver frequency response vs. frequency 
resolution.

 Fig. 1  New RF front-end architecture with integrated high-
speed data converters.
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MEASUREMENT 
EXAMPLES

Measurement 
System 
Con� guration

The measure-
ment system con-
� guration is shown 
in Figure 4. The 
DUT used in the 
measurement ex-
amples is a com-
mercially available 

wideband RF transceiver IC mount-
ed in its manufacturer’s evaluation kit 
with an integrated DUT controller. It 
includes multi-channel transmitters 
and receivers with 12 GSa/s DACs 
and 6 GSa/s ADCs, respectively. 
The measurements are completed 
with one transmitter and one receiv-
er channel. The application software 
called Device Measurement Expert 
(DMX) with cross-domain test capa-
bility controls the N524xB PNA-X 
VNA and the external vector signal 
generator (VSG).

When testing receivers, the DMX 
de� nes the digital IQ waveform for 
the VSG to generate, which is mea-
sured with the PNX-X’s reference re-
ceiver in addition to the receiver un-
der test. The DMX uploads the digi-
tal IQ waveform � le generated from 
the receiver and the VNA processes 
the data. When testing transmitters, 
the DMX sends the digital IQ wave-
form to the transmitter under test 
and the PNA-X’s reference receiver. 
The PNA-X measures the output RF 
waveform from the transmitter and 
processes the data. This con� gura-
tion enables receiver, transmitter 

es in digital and RF mixed device 
performance characterization. It is 
based on the well-known RF stimu-
lus response methodology used in 
traditional VNA measurement tech-
niques, but is modi� ed to accom-
modate digital waveforms for either 
stimulus or response.

An ordinary VNA’s stimulus re-
sponse measurement methodology 
uses a swept single tone stimulus 
with a tuned narrowband receiver 
for frequency response measure-
ments. In contrast, the new ap-
proach includes a wideband multi-
tone stimulus capability with a wide-
band analysis technique to yield the 
device’s frequency response (see 
Figure 3).3 The test waveform (digi-
tal or RF) is precisely de� ned and 
repeatedly played for the response 
wave (digital or RF) and can be co-
herently correlated at each spectral 
component with the stimulus wave-
form, resulting in vector response 
measurements between input and 
output signals within the stimulus 
waveform bandwidth.

This new cross-domain stimulus 
response methodology yields RF 
performance char-
acteristics of digital 
and RF mixed de-
vices over frequen-
cy or power ranges 
in one set of mea-
surements, while 
it takes days or 
weeks for the same 
measurements us-
ing the traditional 
approach—stimu-
lating with a single 
tone at a � xed fre-
quency and captur-
ing the response at 
a single frequency 
point.

 Fig. 3  Swept single tone stimulus response (a) vs. wideband 
multi-tone stimulus response (b) methods.
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 Fig. 4  Wideband transceiver IC measurement setup.
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and transmitter gain � atness ver-
sus frequency measurements. It 
includes nearly one thousand fre-
quency response points on each 
measurement, with 1.1 MHz resolu-
tion in a 1 GHz bandwidth at 4 GHz 
center frequency in the receiver 
measurements (see Figure 5a), and 
with 2.2 MHz frequency resolution 
in a 2 GHz bandwidth at 4 GHz 
center frequency in the transmitter 
measurements (see Figure 5b).

The measurements were com-
pleted in only a few minutes includ-
ing time for device initialization us-
ing the new measurement method-
ology described previously. This is 
a remarkably short time compared 
to the traditional method of point-
by-point measurements obtained 
from single tone measurements us-
ing a signal generator and a signal 
analyzer.

The same measurement setup 
yields deviation of average delay 
measurements across the entire 
operating bandwidth with no ad-
ditional effort (see Figure 6). With 
the repetitive multi-tone stimulus 
response method, phase respons-
es are effectively stitched between 

and transceiver measurements with 
a single set of connections.

Calibration
Measurement system calibra-

tion on the VNA is available on this 
setup, limited to the RF test ports. 
When measuring transmitters, the 
stimulus is digital and treated as 
an ideal waveform and the RF re-
sponse waveform is measured with 
the calibrated test receiver of the 
VNA. When measuring receivers, 
the stimulus is an RF waveform that 
is distortion-corrected and mea-
sured using the VNA’s calibrated 
reference receiver. The digital re-
sponse waveform is then measured 
by the receiver under test. In the RF 
stimulus waveform correction pro-
cess, the waveform is pre-distorted 
to account for the source distortion 
errors in addition to linear errors. 
This results in an RF stimulus that 
is a nearly ideal waveform at the 
receiver input. The effect of source 
distortion correction is reviewed in 
the following section.

Frequency Response Measurements
The measurement example in 

Figure 5 demonstrate fast receiver 

 Fig. 5  Measured gain � atness: 1.1 dB 
for the receiver (a) and 4.67 dB for the 
transmitter (b).
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 Fig. 6  Measured deviation from 
average delay: 1.09 ns for the receiver 
(a) and 320.5 ps for the transmitter (b).

n

2.5
2.0
1.5
1.0
0.5

0
–0.5
–1.0
–1.5
–2.0
–2.5

TR 2  MGain21  Delay 0.5 ns/  0 ns
Rx Delay

Ch1: MOD  Center  4 GHz

Peak to Peak: 1.09 ns
Mean: 9.26 ps
Std. Dev.: 259.79 ps

Span  1.1 GHz
(a)

n

2.5
2.0
1.5
1.0
0.5

0
–0.5
–1.0
–1.5
–2.0
–2.5

TR 5  MGain21  Delay 0.5 ns/  0 ns
Rx Delay

Ch2: MOD  Center  4 GHz

Peak to Peak: 320.51 ps
Mean: –20.15 ps
Std. Dev.: 86.52 ps

Span  2.2 GHz(b)



Our new selection of 5G, Outdoor-Rated Omni Antennas are designed for high 

reliability in extreme weather conditions and cover 4G, LTE, 5G, and CBRS bands.

 

These collinear omnidirectional antennas offer range extension and simple deployment to 

build out cellular communications networks as well as private networks. When you need 

broad coverage, but traditional base station antennas are too bulky or expensive, these 5G 

omni antennas are a perfect fit. 

Place your order by 6 PM CT, and have your antennas or any other components shipped today.

 In-Stock and Shipped Same-Day

pasternack.com
+1 (866) 727-8376
+1 (949) 261-1920

Outdoor Omnidirectional Antennas  
for 5G Networks



72   MWJOURNAL.COM  JANUARY 2023

ApplicationNote

S   hwes M     fi  .   

I    fi    
I           
   fi     

s   hwes       fi  .   

Jfi  31   fi 2
 fi  fi C fi fi, CA

B     #615

SS                           

C   ec   

+65    

•           fifififififififi•           fifififififififi

•                              •                              
                            

•                          fifififififififififi•                          fifififififififififi

•                                    •                                    

•                            •                            

•                                   •                                   

   fi     

I  fi                          I  fi                          

fi                        fi                        

                                          

  fififi        fififi      

  fi       fi     

      fi            fi      

        fi           fi   

to nearly an ideal � at-level input 
stimulus across a 1 GHz frequency 
bandwidth, which is expected to 
in� uence the receiver response. 
The corresponding output wave-
form exhibits the receiver’s fre-
quency dependency clearer than 
results with source distortion un-
corrected stimulus.

Error Vector Magnitude (EVM) 
Measurements

The new measurement meth-
odology also allows distortion 
measurements of digital RF mixed 
devices.4 The examples shown in 
Figure 9 include corrected and 
uncorrected receiver and trans-
mitter EVM measurements. Error 
correction in receiver measure-
ments includes both linear error 
and source distortion corrections. 
There is noticeable EVM improve-
ment in receiver measurements and 
the source-generated distortion is 
minimized for accurate receiver per-
formance characterization. Linear 
error corrections are only applied in 
the transmitter test because the RF 
source is the DUT. The signal distor-

repeated measurements, resulting 
in virtually unlimited analysis band-
width.

Corrected Versus Uncorrected 
Measurements

These receiver measurements 
highlight the impacts with available 
error correction options (see Fig-
ure 7). The � rst compares uncor-
rected and linear error corrected 
measurements with an input wave-
form (see Figure 7a) and measured 
with the VNA’s reference receiver 
(see Figure 7b). The output wave-
form is measured with the receiver 
under test. The effect appears as 
a slight adjustment. If there were 
more test accessories in the path 
between the test instruments and 
the receiver’s input port, such as 
longer test port cables and switch 
matrices, the linear errors would be 
more noticeable.

The next series of measure-
ments only compares measure-
ments between linear error correc-
tion, and linear and source distor-
tion error corrections (see Figure 
8). The RF receiver input waveform 
level is adjusted by nearly 6 dB 

 Fig. 7  Effect of linear error 
correction: receiver input (a) and output 
(b) waveforms.
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 Fig. 8  Source distortion may 
signi� cantly affect receiver response 
measurements: receiver input waveform 
(a) and output waveform (b).
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verages commonly used RF test 
instruments like VNAs and VSGs 
for testing new types of digital RF 
mixed devices, which are expected 
to be common building blocks of RF 
front-end architectures in the fore-
seeable future. Existing error correc-
tions are helpful for improved mea-
surement accuracy, although some 
residual errors still need mitigation 
techniques such as undesired-sig-
nal isolation. EVM measurements, 
in addition to frequency response 
measurements, are useful as these 
RF systems become integrated into 
communication applications.

Future RF systems with mixed 
digital and RF architectures will 
continue to grow with broad ap-
plications. More measurement ca-
pabilities are expected to become 
available to meet the diverse end-
application requirements. This in-
cludes not only linear response, but 
also noise and distortion perfor-
mance characteristics.
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tion introduced by the RF source in 
the transmitter is what is of interest 
to be characterized.

CONCLUSION
The new digital RF cross-do-

main stimulus response methodol-
ogy demonstrates fast and precise 
digital and RF mixed signal device 
characterization. This approach le-

 Fig. 9  EVM measurements: receiver 
uncorrected (a) and corrected (b); transmitter 
uncorrected (c) and corrected (d).
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Optimized Air Flow and 
Thermally Efficient Test System 
Enables 3D OTA Measurements 
Over Temperature
Günter Pfeifer and Benoit Derat
Rohde & Schwarz, Munich, Germany

5G communications have supported the deployment of mmWave antenna array beam steering 
technologies at an unprecedented commercial scale. As per 3GPP1 and CTIA2 test specifications, 
5G mmWave capable mobile phones must undergo a large number of tests to guarantee 
adequate performance. The defined measurement methodology relies on far-field over-the-
air (OTA) assessments in compact antenna test ranges (CATR). As temperature influences the 
active electronics in the wireless devices and, hence, the beamforming characteristics, OTA 
measurements are also required in temperature conditions ranging from -10°C to +55°C, per 
3GPP test specifications. For such tests, an innovative realization of a CATR with an embedded 
thermal compartment meeting conformance and compliance testing needs is required.

3GPP requirements for RF confor-
mance testing of mobile devices or 
user equipment (UE) are essentially 
designed to avoid problems that 

would impair the functioning and perfor-
mance of wireless networks. Up until 4G 
and 5G FR1 (i.e., frequencies below 7.125 
GHz), all 3GPP conformance evaluations 
were based on conducted measurements, 
typically achieved by connecting RF cables 
at the antenna ports of the device under 
test (DUT). A major change occurred in 5G, 
with the added FR2 frequency range in the 
mmWave spectrum (i.e., FR2-1: 24.25 to 
52.6 GHz and FR2-2: 52.6 to 71 GHz). As UE 
FR2 antennas are dynamic beam steering 
arrays, the conducted approach became ir-
relevant because the overall performance of 
a DUT is intrinsically linked to the antenna. 
In addition, the high level of integration of 
arrays and RF front-ends enabling the op-

eration of such technologies makes it practi-
cally impossible to reliably connect cables at 
adequate points.

OTA assessment appeared as the cor-
rect and most straightforward approach for 
testing, and far-field (FF) spherical measure-
ments in anechoic chambers became the 
basis for all sorts of tests of FR2 UE. Because 
the UE can be large (e.g., a mobile phone, 
tablet or laptop) and manufacturers are not 
constrained to communicate the exact loca-
tion of the antenna elements, the so called 
black-box approach was adopted, with the 
whole DUT placed within the quiet zone (QZ) 
of the FF measurement setup. The CATR 
was adopted by 3GPP as the reference test 
environment because of its capability to pro-
vide a large QZ within a confined space.

Since UEs are used in diverse environ-
mental conditions, and temperature will 
influence the active electronics in the DUT 
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ETC OTA solution.4
Exposure to a temperature range 

from -40°C to +85°C can damage 
the absorbers in an anechoic cham-
ber, as well as the motors and drives 
in a 3D positioner. To protect from 
this, the DUT is enclosed in a ther-
mal compartment within the OTA 
chamber, which contains the cold or 
hot air as hermetically as possible. 
The rest of the chamber is venti-
lated to maintain close to the ambi-
ent temperature. One upside from 
limiting the volume exposed to the 
temperature swings is reduced en-
ergy and air volume that must be 
provided to stabilize the DUT at the 
ETC condition. This also reduces 
the time necessary to reach the tar-
get temperature.

While this approach offers the 
bene� ts noted, it is not without ma-
jor dif� culties. First, the thermal en-
closure must be suf� ciently RF trans-
parent to minimize any impact on 
QZ uniformity and DUT radiation. 
Yet the enclosure must be stable 
and withstand the increase in inner 
air pressure from the temperature 
air � ow while isolating the hot and 
cold air � ow from the surrounding 
environment. All mechanical parts 
of the thermal enclosure, as well 
as the air pipes which connect to 
it, must support full 3D movement 
of the dual-axis positioner—hence 
the DUT—while being airtight. The 
air hoses must run in and out of the 
chamber through RF shielded walls 
without compromising the shielding 
effectiveness.

CHAMBER DESIGN
All these considerations led to 

a system concept with the air � ow 
chain shown in Figure 1. Com-

and affect the 
beamforming per-
formance,3 spheri-
cal OTA measure-
ments at extreme 
temperature condi-
tions (ETC) ranging 
from -10°C to +55°C 
became part of the 
3GPP UE RF confor-
mance test speci� -
cations.

ETC 
REQUIREMENTS

Designing a 
CATR that enables dual-axis rota-
tion of the DUT, to perform accurate 
FF 3D measurements under ETC, 
sounds simple but is a complex en-
gineering problem. The complex-
ity increases when considering the 
need for fast testing—hence fast 
temperature ramps—while protect-
ing the anechoic chamber and po-
sitioning system from damage due 
to the high or low temperatures and 
maintaining the shielding effective-
ness of the chamber. Combining the 
requirements from 3GPP and typical 
customer needs yields the follow-
ing constraints on the design of the 
CATR environment for ETC testing:
• Positioning system azimuth 

range from 0 to 360 degrees and 
an elevation range from 0 to 120 
degrees, not reduced by the air 
pipes or other ETC requirements 
on the positioner

• Spherical measurements with the 
device temperature from -10°C 
to +55°C (as de� ned by 3GPP) 
and an extended temperature 
range of -40°C to +85°C (for cus-
tomer stress tests)

• Minimum DUT dimension of 40 
cm diameter with the ETC solu-
tion in place

• 30 cm diameter QZ during ETC 
testing, with an uncertainty bet-
ter than 0.9 dB

• Chamber shielding > 70 dB, not 
degraded by air injection pipes

• Time for DUT heating and cool-
ing as brief as possible.
Innovation was necessary to de-

sign a system complying with this 
set of criteria, leading to many so-
phisticated details to solve the chal-
lenges, resulting in several patents 
for multiple components of the � nal 

 Fig. 1  Air � ow of the ETC test system.
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pressed dry air at the desired tem-
perature is provided by an external 
climate machine called a Thermo-
stream. Connected to power and 
the central compressed air supply, 
it provides the required air volume 
between the minimum and maxi-
mum air temperatures to the air inlet 
of the anechoic chamber. Running 
the air pipes through the shielded 
chamber walls requires RF � ltered 
air feedthroughs, which comprise 
multiple metal pouches � lled with 
absorber, guiding the air through 
winding pipes to the inside of the 
chamber.

Once inside the shielded cham-
ber, the hoses connect to an air 
rotary joint. It separately supports 
air� ow in both directions (supply 
and exhaust) through the elevation 
axis of the combined azimuth-over-
elevation positioner, while not limit-
ing its angular movement capabili-
ties. By using well selected seals, it 
keeps the leakage of air through 
the moving parts of the air rotary 
joint to a minimum over the entire 
air temperature range. The supply 
and exhaust tubes run along the 
elevation swing and connect to the 
lower shell of the thermal enclo-
sure, which is made of robust plas-
tic material and � xed on the eleva-

tion swing of the 3D positioner. The 
azimuth rotation stage of the posi-
tioner is guided in an isolated man-
ner through this lower shell into the 
thermal compartment, enabling full 
rotation of the DUT in the second 
axis and achieving full 3D assess-
ment of the DUT across the extreme 
temperature range.

To close the thermal compart-
ment, the upper dome—made of 
RF transparent Rohacell® mate-
rial—interlocks to the lower shell 
via an air-sealed locking ring. The 
dome material enables high-quality 
RF measurements with the dome in 
place since its permittivity is close 
to air to minimize any impact on 
the RF radiation. The shape of the 
dome, the thickness of its wall and 
the processing of the material were 
optimized to close the foam cells 
as much as possible to increase the 
air-tightness and robustness of the 
dome to withstand increases in in-
ternal air pressure, while minimizing 
RF perturbations. Different sizes of 
the dome provide smaller and big-
ger volumes, either for a larger DUT 
or to support faster temperature 
cycles. The larger dome is compli-
ant with 3GPP and CTIA DUT align-
ment, as well as the quality of the 
QZ assessment mandated by the 
3GPP RF conformance testing spec-
i� cations.

Once inside the thermal en-
closure, the air is guided using a 
patented diffusor. By designing 

mechanical pieces to guide the air 
� ow at the output of the air supply 
pipe toward the exhaust pipe, the 
homogeneity of the temperature 
within the enclosure was increased 
signi� cantly. This ensures a fast and 
equalized temperature distribution 
and eliminates hot or cold spots, 
increasing performance and ac-
celerating the time for stable tem-
perature convergence. Ideally, the 
sensor-controlled air � ow volume 
provided by the Thermostream is 
maximized, however, the supply 
air temperature range must be ad-
opted to the other materials used in 
the air � ow chain. These parameters 
also in� uence the air cycle times, so 
they had to be chosen carefully.

After the temperature energy 
of the air is provided into the ther-
mal compartment, the air exhausts 
through pipes in the same, yet sepa-
rate, way through the air rotary joint 
and the exhaust air feedthrough out 
of the chamber. To reduce noise, the 
hose ends at a specially designed 
noise canceller. Since the diameters 
of the exhaust path affect the pres-
sure increase inside the thermal en-
closure, they were selected to keep 
the internal pressure low enough, 
with headroom, to avoid damage 
from excessive pressure.

ETC OTA PERFORMANCE
Multiple optimization rounds 

were necessary to develop a solu-
tion meeting both major test speci-
� cations requirements and user 
needs for high speed testing. These 
involved electromagnetic, air � ow 
and thermal simulations used to 
optimize the air distribution within 
the thermal enclosure (see Figure 
2). Many prototypes were required, 
accompanied by hundreds of hours 
of testing to validate the numerical 
� ndings and optimize the design. 
The multiple versions of the ETC 
OTA leading to the � nal solution 
yielded a very compact and easy to 
handle test environment where vari-
ous size devices can be tested in full 
3D and across a wide temperature 
range (see Figures 3 and 4).

With this setup, temperature 
changes well beyond the 3GPP re-
quired limits can be achieved in a 
short time using an air � ow rate up 
to 700 l/min. At that � ow rate, a tem-
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 Fig. 2  Temperature and air � ow 
simulations of the 50 l thermal enclosure 
with direct pipe entry (a) and added 
diffusor (b).

(a)

(b)

 Fig. 3  ETC OTA test system 
(R&S©ATS1800C) with a commercial 
Thermostream.
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ing it is an advantage because the 
additional temperature range en-
ables fast temperature ramps when 
testing across the 3GPP speci� ed 
temperature range. A temperature 

change between 
-10°C and +55°C 
can be achieved 
in less than 3 min-
utes in the same 
thermal enclosure 
size. Cooling takes 
longer than heat-
ing, as expected; 
over the full 3GPP 
temperature win-
dow, cooling takes 
about 40 seconds 
longer (see Fig-
ure 5). Using this 
ETC OTA setup 
supports all 3GPP 
conformance test-
ing and additional 
stress testing while 

 Fig. 4  Inside of the ETC OTA test system with 35 l Rohacell 
thermal enclosure closed (a) and open showing a DUT (b).

(a) (b)

 Fig. 5  DUT temperature cycling times in 50 l enclosure at 450, 500 and 700 l/min air � ow rates: –40°C to +85°C (a) and 3GPP 
range from –10°C to +55°C (b). Supply air temperature range from –60°C to +125°C.
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perature change between +85°C to 
-40°C is possible in 10 to 14 minutes 
within a 50 liter ETC compartment. 
Even without a need for the 125°C 
wide temperature window, hav-





The Trinity of Inaccuracy:  
Phase Noise, Jitter and  
Short-Term Stability –
What Everyone Should Know 
About Their Measurement and 
Interrelationships
Julian Emmerich and Harald Rudolph
KVG Quartz Crystal Technology GmbH, Neckarbischofsheim, Germany

In electrical components and circuits, noise effects with different physical causes occur 
everywhere. In crystal oscillators there are three primary noise generating mechanisms: A 
ubiquitous background noise due to the thermal motion of the atoms and molecules of all 
components creates an insurmountable noise floor, which mainly affects noise far from the 
carrier (white noise). Noise caused by semiconductor components is called shot noise which 
has a 1/f dependence on the frequency. The dominant noise source close to the carrier is called 
flicker noise, which largely depends on the quality of the crystal. A high Q-factor of the crystal 
suppresses noise near the carrier. Depending on the application, noise is described differently; 
phase noise, jitter and short-term stability are different ways of looking at the same physical 
phenomena. This article provides an overview of the interrelationships.

Ideal oscillators produce a time-depen-
dent, sinusoidal output voltage of the 
form:

u(t) A sin 2 f t (1)0 0( )= π

with amplitude A0 and frequency f0. This 
sine wave has a perfect period, and the Fou-
rier transform of u(t) is a spectrally pure delta 
function δ(f-f0). A non-ideal, noisy signal u’(t) 
can be described in general terms by intro-
ducing a term for the amplitude noise ∈(t) 
and a term for the phase noise ∆ϕ (t) of the 
signal in the time domain given by:

u'(t) A t sin 2 f t t (2)0 0( ) ( )( ) ( )= + ∈ ⋅ π + Δϕ

Here A0 is the amplitude of the pure si-
nusoidal signal and f0 its nominal funda-
mental frequency, which can be interpreted 
as a statistical mean value. In this case, the 
frequency spectrum is no longer spectrally 
pure, but a function of frequency, or more 
precisely, the Fourier transform of the time-
dependent voltage signal.

Figure 1 shows the short-term frequency 
instabilities caused by the phase noise term. 
They show up in the time domain as a devia-
tion of the zero crossings (phase angle) of 
the actual signal waveform compared to the 
ideal sinusoid. A modulation of the ampli-
tude is not shown in this figure.

In the following discussion, only the tempo-
ral change of the phase angle is considered, 
which is caused by random, and thus Gaussian 
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rier transform (FFT) can be used to 
determine the spectral distribution 
of the noise far away from the car-
rier frequency. Here, however, the 
measurement is limited by the noise 
characteristics and the limited sam-
pling rate of the spectrum analyzer.

In the following, a much more 
precise measurement method is pre-
sented, which also enables the mea-

also grows. Far 
away from the car-
rier, for f → ∞, these 
two terms vanish 
and the phase noise 
tends toward the 
value 10log 1
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Therefore, it is 
very important that 
a requirement for 
maximum phase 
noise includes the 
exact distance from 
the carrier at which 
a speci� c value of 
the phase noise is 
speci� ed. The frac-
tion close to the 
carrier is largely 
determined by the 
Q of the crystal, 
where the phase 
noise fraction for 
frequencies above 
1 kHz is deter-
mined by the noise 
of the semiconduc-
tor devices used.

In principle, the 
phase noise of an oscillator can al-
ways be measured (approximately) 
directly by means of a spectrum 
analyzer if the local oscillator of the 
measuring device has a signi� cantly 
better phase noise performance 
than the device under test (DUT) 
and the sampling rate is far above 
the Nyquist frequency of the signal. 
Spectral analysis using a fast Fou-

distributed processes. In the follow-
ing, the three most important forms 
of description, namely phase noise 
L(f), jitter ΔT(Δf) and short-time stabil-
ity y

2 ( )σ τ  are described.

PHASE NOISE
Considering the phase instability 

of a signal source as phase noise is 
one of the possible representations 
to be considered in this article. The 
amplitude of the phase noise signal 
L(f), more precisely the noise power 
spectral density of the phase noise, 
increases with increasing proximity 
to the carrier. An empirical descrip-
tion of the single-sideband phase 
noise is given by the so-called Lee-
son formula. It describes the ampli-
tude of the phase noise as a function 
of carrier frequency f0 of the oscil-
lator, its quality factor Ql, cutoff fre-
quency fc, noise factor of the ampli� -
er F, Boltzmann constant kB, absolute 
temperature T and output power Ps:
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Without having to analyze this 
equation in detail, it is easy to es-
timate the behavior of phase noise 
for small and large frequencies 
f. For small frequency distances 
from the carrier, the two factors
f

2Q f
0

l
 and f

f
c grow. Due to the mono-

tonic property of the logarithm, L(f) 

 Fig. 1  Pure sinusoidal waveform (a) and effect of a random, 
time-dependent phase deviation = ∆φ.
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 Fig. 2  PLL measurement for determining the phase noise of 
an oscillator (DUT).
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by the scaling factor of the phase 
detector constant KD. In general, 
KD is device-dependent and has no 
in� uence on the calculation of the 
phase noise L(f).

v t K cos
K cos t (4)

D Ref DUT

D ( )
( )( )

( )
= ⋅ φ − φ =

⋅ Δφ − Δφ

Considering the small-angle ap-
proximation cos(α)≈α for α<<1, 
Equation (4) can be simpli� ed, as-
suming a mean phase difference of 
∆Φ=π

2.

v t K cos (t)
2

K cos t K t (5)

D

D D( )
( )

( ) ( )

= ⋅ Δφ − π⎛
⎝⎜

⎞
⎠⎟ =

⋅ Δφ ≈ ⋅ Δφ

The output voltage v(t) of the 
phase comparator is evaluated as 
a measure of the phase changes in 
the time domain. The calculation of 
the single sideband phase noise L(f) 
is performed by means of an FFT in 
the frequency domain. If the refer-
ence oscillator has the same phase 
noise characteristics as the test os-
cillator, the measurement result 
must be corrected by -3 dB (factor 
of 0.5), since the uncorrelated noise 
powers of both oscillators add up. If 
the reference oscillator has a better 
phase noise by at least one decade, 
no correction is necessary.

Figure 3 is an example of a phase 
noise measurement of an ultra-low 
phase noise oscillator from KVG 
Quartz Crystal Technology with a 
carrier frequency of 10 MHz. The 
measurement was performed with a 
Holzworth phase noise analyzer with 
a measurement time of 1 hour. Both 
the near-carrier phase noise with a 
value of -122.5 dBc/Hz at 1 Hz offset 
and the phase noise of -169 dBc/Hz 
at 10 kHz show the limits of what is 
physically feasible.

A standard oven-controlled crystal 
oscillator (OXCO) at the same fre-
quency has about 20 dBc/Hz worse 
phase noise at 1 Hz carrier offset 
than an ultra-low phase noise oscil-
lator. Phase noise measurements 
are strongly sensitive with respect to 
mechanical or electromagnetic dis-
turbances originating from the envi-
ronment of the measurement setup. 
In Figure 3, small disturbances of 
the phase noise measurement can 
be observed, for example, at 50 Hz 
(mains frequency household current) 

manipulating the 
control voltage of 
the reference oscil-
lator, a condition is 
sought in which the 
signal of the test 
oscillator (DUT) and 
the signal of the 
reference oscillator 
have a phase shift of 
∆Φ=π

2 with respect 
to each other at the 
same frequency. 
Both signals are 
mixed in a mixer el-
ement. In general, 
for given input sig-
nals fa and fb, the 

output signal of a mixer can be de-
scribed as a superposition of the high 
frequency sum signal (fa+fb) and the 
low frequency difference signal |fa- fb|.

The unwanted sum signal at the 
output of the mixer is removed by 
means of a lowpass � lter, so that 
only the difference signal remains. 
The low frequency signal compo-
nent � ltered in this way generates a 
time-dependent voltage v(t) whose 
maximum amplitude is determined 

surement of DUTs with extremely low 
phase noise. This method is gener-
ally valid and suitable for oscillators 
with high phase noise as well. To de-
termine phase noise, the so-called 
phase detector method with phase 
locked loop (PLL) synchronization of 
the reference phase is used.

As shown in Figure 2, this method 
uses a quadrature mixer as a phase 
detector. Here, the reference oscil-
lator and the mixer form a PLL. By 

 Fig. 3  Phase noise measurement of an ultra-low phase 
noise oscillator with a carrier frequency of 10 MHz.
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average period duration and jitter 
can be determined. From the width 
of the signal distribution at zero 
crossing, a quantitative value for the 
jitter can be calculated on a statisti-
cal basis. In this example, the peak-
to-peak value of the jitter is shown 
as the maximum expansion of the 
signal curve.

This measurement method is lim-
ited by the noise of the oscilloscope 
below the frequency range f = 1/(2 π 
τd), where τd is the length of the de-
lay line. Below this cutoff frequency, 
the sensitivity drops by about 20 dB 
per decade. Thus, this method is 
well suited for jitter measurements 
at frequencies far from the carrier, 
for example the sidebands.

The noise in oscillators is basical-
ly a superposition of stochastic pro-
cesses. The peak value is therefore 
usually speci� ed on a purely statisti-
cal basis using a Gaussian distribu-
tion as the distribution function. This 
results in a crest factor (ratio of peak 
value to RMS value) of 3 between 
the peak and RMS value, or factor 
of 6 between the peak-to-peak and 
RMS value. The maximum jitter am-
plitude is with a probability of 99.7 
percent (deviation in the interval 
±3σ) within the statistical limits of 
the speci� ed peak-to-peak value. 
When measuring and specifying jit-
ter, it is important to note whether 
the speci� cation is expressed as the 
effective value (RMS), peak value 
(peak) or peak-to-peak value (peak-
to-peak).

SHORT-TERM STABILITY
Along with phase noise and jitter, 

short-term stability can be used to 
describe phase deviations of a sig-

measurement is performed relative 
to a reference edge.

The eye diagram consists of a su-
perposition of many sections from 
the signal curve to be measured. An 
exemplary measurement setup is 
shown in Figure 4. The signal from 
the DUT is split by a splitter with one 
signal path fed through a delay line 
whose delay is greater than the pe-
riod of the signal. The non-delayed 
signal serves as a trigger and the de-
layed signal is applied to the input 
of the oscilloscope. This results in the 
phase shift always being measured 
relative to one of the preceding sig-
nal edges. By superimposing a large 
number of these measurements, a 
quantitative value of the jitter mag-
nitude can be determined from the 
“opening of the eye diagram” by 
means of statistical analysis.

Figure 5 is an example of an 
eye diagram. Due to the intrinsic 
signal trigger, the signal edges are 
mapped on top of each other ac-
cording to their phase shifts. From 
the superposition of several oscilla-
tion periods, quantities such as the 

and 16.7 Hz (mains frequency of the 
German railway), which can be further 
minimized by suitable mains � lters of 
the measurement equipment and the 
control voltage of the oscillator.

JITTER
In addition to phase noise, jitter is 

another representation of the devia-
tion of the phase angle of a periodic 
signal. It can be graphically interpret-
ed as the time deviation of a signal 
from its ideal position over a series 
of signal periods. With an ideal mea-
suring device (in� nite time resolution 
and no inherent noise), one could 
look at individual clock edges and 
derive a jitter value via an absolute 
time measurement. This is not pos-
sible, however, even with the best 
measuring devices available.

In practice, the jitter measure-
ment is often derived from the 
phase noise measurement, previ-
ously described, and will be ex-
plained in more detail later. For a 
direct jitter measurement, a mea-
surement by means of a so-called 
“eye diagram” is used, in which the 

 Fig. 4  Jitter measurement using a 
delayed signal.
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 Fig. 5  Deriving jitter from the eye 
diagram.
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Model #
Frequency 

(MHz)

Coupling

(dB) [Nom]

Coupling  

Flatness (dB)

Mainline Loss 

(dB) [Typ./Max.]

Directivity 

(dB) [Typ./Min.]

Input Power 

(Watts) [Avg.]

SDCHP-125  10 - 250  18.5  0.5  0.1 / 0.4 0.1 / 0.4  24 / 19 24 / 19  30 30

SDCHP-140  10 - 400  18.75  1  0.5 / 0.85  27 / 22  25 25

SBCHP-1100  10 - 1000 10 0.5  1.2 / 1.4 1.2 / 1.4  17 / 15 17 / 15 55

KBK-HP-1100  10 - 1000 10 0.5  1.2 / 1.4 1.2 / 1.4  17 / 15 17 / 15 55

KDK-HP-255  20 - 550  20  0.4  0.25 / 0.35 0.25 / 0.35  23 / 18 23 / 18  27.5 27.5

SDCHP-255  20 - 550  20  0.4  0.25 / 0.35 0.25 / 0.35  23 / 20 23 / 20  27.5 27.5

SDCHP-335  30 - 350  20.1  0.85  0.24 / 0.32 0.24 / 0.32  24 / 20 24 / 20  75 75

SDCHP-484  40 - 840  19.2  0.9  0.3 / 0.4 0.3 / 0.4  24 / 20 24 / 20  30 30

SCCHP-560  50 - 560  14.6  0.7  0.48 / 0.65 0.48 / 0.65  23 / 20 23 / 20  75 75

SCCHP-990  90 - 900  15.2 0.6 0.52 / 0.640.52 / 0.64  20 / 17 20 / 17  38.3 38.3

SBCHP-2080  200 - 800 12.3 0.7  0.64 / 0.80 0.64 / 0.80  24 / 18 24 / 18 48.348.3

SBCHP-2082  200 - 820  11.0  0.5  0.74 / 0.9 0.74 / 0.9  22 / 19 22 / 19 22.522.5

KDS-30-30-3KDS-30-30-3  27 - 512 27 - 512  27.5  27.5  0.75 0.75  0.3 / 0.4 0.3 / 0.4  23 / 15 23 / 15  50 50

KDS-30-30KDS-30-30  30 - 512 30 - 512  27.5  27.5  0.75 0.75  0.3 / 0.4 0.3 / 0.4  23 / 15 23 / 15  50 50

KBK-10-225KBK-10-225  225 - 400 225 - 400  11  11  0.5 0.5  0.6 / 0.7 0.6 / 0.7  25 / 18 25 / 18  50 50

KBS-10-225KBS-10-225  225 - 400 225 - 400  10.5  10.5  0.5 0.5  0.6 / 0.7 0.6 / 0.7  25 / 18 25 / 18  50 50

KDK-20-225KDK-20-225  225 - 400 225 - 400  20  20  0.5 0.5  0.2 / 0.4 0.2 / 0.4  25 / 18 25 / 18  50 50

KDS-20-225KDS-20-225  225 - 400 225 - 400  20  20  0.5 0.5  0.2 / 0.4 0.2 / 0.4  25 / 18 25 / 18  50 50

KEK-706HKEK-706H  500 - 2500 500 - 2500  31.5  31.5  2.5 2.5  0.28 / 0.4 0.28 / 0.4  18 / 12 18 / 12  100 100

SCS-8012DSCS-8012D  800 - 1200 800 - 1200  20  20  0.6 0.6  0.22 / 0.25 0.22 / 0.25  22 / 18 22 / 18  100 100

KEK-704DH-2KEK-704DH-2  850 - 1250 850 - 1250  30  30  0.25 0.25   0.20 / 0.30  0.20 / 0.30  28 / 25 28 / 25  500 500

KEK-704HKEK-704H  850 - 960 850 - 960  30 5 30 5  0.25 0.25  0.08 / 0.20 0.08 / 0.20   38 / 30  38 / 30  500 500

SCS100800-10SCS100800-10  1000 - 8000 1000 - 8000  10.5  10.5  2  1.2 / 1.8  8 / 5 8 / 5  25 25

SCS100800-16SCS100800-16  1000 - 7800 1000 - 7800  16.8  16.8  2.8 2.8  0.7 / 1 0.7 / 1  14 / 5 14 / 5  25 25

SCS100800-20SCS100800-20  1000 - 7800 1000 - 7800  20.5  20.5  2  0.4 / 0.75  12 / 5 12 / 5  25 25

SCS-1522BSCS-1522B  1500 - 2200 1500 - 2200  10  10  -- --  0.65 / 0.75 0.65 / 0.75  23 / 18 23 / 18  100 100

SCS-1522DSCS-1522D  1500 - 2200 1500 - 2200  20  20  -- --  0.32 / 0.38 0.32 / 0.38  23 / 20 23 / 20  100 100

SCS1701650-16  1500 - 15500SCS1701650-16  1500 - 15500  17  17  2.5 2.5  1 / 1.4 1 / 1.4  16 / 5 16 / 5  25 25

SCS1701650-20  1700 - 15000SCS1701650-20  1700 - 15000  21  21  2.5 2.5  0.9 / 1.3 0.9 / 1.3  10 / 7 10 / 7  25 25

SDC360440-10SDC360440-10  3600 - 4400 3600 - 4400  8.6  8.6  0.25 0.25   0.7 / 1.4  0.7 / 1.4  18 / 10 18 / 10  10 10

SDC360440-20SDC360440-20  3600 - 4400 3600 - 4400  19 19  0.25 0.25    0.7 / 1.2   0.7 / 1.2  16 / 10 16 / 10  10 10

COUPLERSCOUPLERS

5 - 5005 - 500
WattsWatts

SDCHP 125 10 250 18 5 0 5 0 1 / 0 4 24 / 19 30
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For C-band operators that require 5G

interference mitigation, our McV Blue

Filter provides industry-leading band

rejection to protect your base station.

Compared to the classical vari-
ance, where the deviation from the 
mean is measured in each case, the 
Allan variance only considers the de-
viation of two successive measured 
values. This leads to a convergence 
for all kinds of noise even with long 
averaging times with a mean value 
drift (e.g., random walk processes).

The measurement of short-term 
stability in the form of the ADEV can 
be carried out in different ways. For 
low frequency signals and low short-
term stability, the frequency deviation 
between two successive oscillation 
periods can be determined directly 
by an absolute time measurement. In 
the following, one of many possible 
measurement methods is presented, 
which is also suitable for the measure-
ment of high precision signals.

As shown in Figure 6, the dual 
mixer time difference method re-
quires a reference oscillator and a 
so-called transfer oscillator in addi-
tion to the DUT. In this simple ex-
ample, the reference oscillator must 
have better short-term stability than 
the DUT. During the measurement 
the transfer oscillator is slightly de-
tuned against the other two signal 
sources. Here, a detuning of a few 
Hz up to a few kHz gives the best re-
sults, depending on the application.

By mixing this signal with the two 
signals of the DUT and the refer-
ence and subsequent lowpass � l-
tering, two low frequency signals 
are produced. These signals are 
used as start and stop triggers for 
a time interval counter. With the in-
terval counter the time difference 
between the zero crossings of both 
signals is measured. Depending on 
the desired averaging time τ, an 

(denoted here as yn and yn+1) of the 
normalized frequency deviation in 
the time interval τ. It should be not-
ed that the ADEV is a function of 
the averaging time τ, which de� nes 
the period in which the average of 
the expected value is calculated.

1
2

y y mit y

f
f

n (7)

2
n 1 n

2
n( )( )σ τ = − =

δ

+

nal. The Allan deviation, named af-
ter the physicist D.W. Allan, is used 
as a common measure of short-term 
stability. The Allan deviation (ADEV) 
is de� ned as the square root of the 
Allan variance σ2 (τ):

ADEV (6)2( ) ( )τ = σ τ

Here, the Allan variance itself 
is de� ned as half of the expected 
value of the difference squares of 
two consecutive measured values 

 Fig. 6  Determining the short-term stability using a dual 
mixed signal.
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 Fig. 7  ADEV measurement of a 10 MHz ultra-low phase 
noise oscillator.
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Visit Us: www.ceiswitches.com

Call Us: 727-525-1025

Email Us: sales@ceiswitches.com

Highly Reliable, Repeatable 

Mil-Standard RF Switches

•	 Very high power

•	 DC – 40 GHz

•	 Low passive intermodulation (PIM)

•	 Extended temperature range

•	 Rigorous inspection to meet 
critically tight tolerances

•	 Built-to-Order and COTS

•	 Quotes in hours instead of days

•	 Fast delivery – most small 
quantity orders shipped in 4 
weeks or less

Charter Engineering  

offers Largest	Configuration	 

of Coaxial Switch Options
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© 2023 dB Control Corp 

SPDT SWITCHES  
(Non-Terminated and Terminated)

SMA, 2.92 mm, Type N, Type SC 

connectors

MULTI-POSITION  
(Non-Terminated and Terminated)

SMA, 2.92 mm, Type N, Type SC 

connectors

DPDT  
(Transfer Switches)

SMA, 2.92mm, Type N connectors

RELATIONSHIP OF THE 
DIFFERENT REPRESENTATION 
TYPES

Phase Noise and Jitter
As previously described, phase 

noise and jitter are two different 
ways of describing the same physical 
signal property; therefore, it is obvi-
ous to look for possibilities to relate 
them. Jitter within a de� ned frequen-
cy range can be calculated from the 
measured values of phase noise by 
integrating L(f) over the frequency. 
The jitter power P in the frequency 
interval f1 to f2 is de� ned for a given 
single-sideband phase noise L(f) as:

L
P f , f

f
2 f

df (8)1 2 f
f

0
1

2∫( ) ( )
=

π

It should be noted that the phase 
noise is normalized by a factor of 
2πf0, where f0 represents the carrier 
frequency. This also ensures the cor-
rect conversion of units.

The RMS value of jitter ΔT(Δf) in 
the speci� ed frequency range can 
be calculated as the square root of 
the jitter power P:

T f P (9)( )Δ Δ =

As previously mentioned, this 
conversion provides another indi-
rect way of measuring jitter. Often in 
practice, phase noise is determined 
for a typical offset range from 1 Hz to 
about 10 MHz. From this, the result-
ing jitter value can then be � exibly 
calculated by integration over differ-
ent frequency ranges (see Figure 8).

A reverse calculation of phase 
noise from measured values of jitter 
over certain bandwidths is mathe-
matically not possible, since for this 
the jitter would have to be known 
for all possible bandwidths/frequen-
cy intervals.

phase noise oscillator from KVG 
Quartz Crystal Technology with a 
carrier frequency of 10 MHz. Be-
cause the DUT has very good short-
term stability, the measurement 
was performed using the three-
cornered-hat method. Two oscilla-
tors with 10 MHz each were used as 
references. The total measurement 
duration was 4 hours, the sample in-
terval was 0.1 s. The test oscillator 
achieved an ADEV of 1.8 × 10-13 at 
a time interval of τ=1 s.

adequate frequency offset of the 
transfer oscillator must be set.

If the short-term stability of the 
reference oscillator is not signi� -
cantly better than that of the DUT, 
this can no longer be neglected. 
This effect can be mathematically 
corrected by using another refer-
ence oscillator. For this purpose, 
we refer to the so-called “three-cor-
nered hat method.”2

Figure 7 is an example of an 
ADEV measurement of an ultra-low 

 Fig. 8  Jitter can be calculated by 
integrating the phase noise over a 
frequency interval.3,4
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Freq. 
Range

Isolation
(dB) min.

Insertion Loss 
(dB) max.

Current
(mA) max.

VSWR
max.

Model
Number

    50-800   MHz 25 0.6 6000 1.20:1 BT-10-E

  10-1000   MHz 25 0.5 1000 1.20:1 BT-20

 800-1000  MHz 30 0.5 5000 1.50:1 BT-21

1700-2000 MHz 30 0.5 5000 1.50:1 BT-22

 500-2500  MHz 25 1.0 200 1.20:1 BT-02

  10-3000   MHz 25 1.8 3000 1.50:1 BT-06-411

500-3000   MHz 25 1.0 500 1.20:1 BT-05

500-3000   MHz 30 1.8 2000 1.50:1 BT-23

  10-4200   MHz 25 1.2 200 1.20:1 BT-03

1000-5000 MHz 35 1.0 1000 1.50:1 BT-04

 100-6000  MHz 30 1.5 500 1.50:1 BT-07

    0.5-10  GHz 30 1.0 200 1.50:1 BT-26

100 KHz - 12.4 GHz 40 1.5 700 1.60:1 BT-52-400D

100 KHz - 18.0 GHz 40 2.0 700 1.60:1 BT-53-400D

0.3-18.0 GHz 25 1.5 500 1.60:1 BT-29

  30 KHz - 27.0 GHz 40 2.2 500 1.80:1 BT-51

  30 KHz - 40.0 GHz 40 3.0 500 1.80:1 BT-50

  30 KHz - 70.0 GHz 30 3.5 500 2:00:1 BT-54-401

  30 KHz - 85.0 GHz 30 4.0 500 2:00:1 BT-55-401

See website for complete specifi cations and our complete line of bias tees.

spectral distribution of the phase 
noise, for example, that the mag-
nitude of the phase noise becomes 
very small for large distances from 
the carrier. These constraints also 
go very deep mathematically, so no 
further consideration is given.

SUMMARY
The need for high precision fre-

quency sources, such as quartz os-
cillators, with extremely low noise 
characteristics is undisputed for 
modern technology of the 21st cen-
tury. Whether it be measurement 
technology, data transmission or 
navigation—in all areas there are 
applications that place the highest 
demands on signal sources.

Depending on the field of ap-
plication, a different one of the 
described measurement quantities 
is proven to be practical. In tele-
communications, the specification 
of a maximum jitter value is usually 
resorted to, since it can be used to 
derive how high the bit error rate 
is during the transmission of dis-
crete information. In metrology, 
on the other hand, the oscillator 
is often characterized by a phase 
noise curve, in which the phase 
noise values are specified at differ-
ent distances from the carrier signal 
depending on whether phase noise 
close to or far from the carrier is rel-
evant for the specific application.

Since all approaches are based 
on the same physical phenomenon, 
a conversion from one form of rep-
resentation to the other can be per-
formed if the data basis is sufficiently 
complete.
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the entire frequency range with carrier 
frequency f0, averaging time τ and fre-
quency offset f as integration variables.

L

2 S (f )
sin f

f
df

such that

S f 2
f

f
f (10)

y
2

y0

4

2

y

2

0
2

∫
( )

( )

( ) ( )

( )σ τ = ⋅
π τ

π τ

=

∞

The property from Equation (10) 
imposes certain conditions on the 

Phase Noise and Short-Term Stability
Short-term stability can also be 

determined mathematically from 
the values of L(f). The transition from 
phase noise, which is a function of 
frequency, to ADEV, which is a func-
tion of time, can be described by 
means of a Fourier transform. The 
derivation of this transform is far 
beyond the scope of this article, so 
reference is made to Barnes et al.5

As a result, the Allan variance 
σ2

y(τ) can be written as an integral over 
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and draws a steady state current of 
approximately 150 mA. Over the 
0°C to +70°C temperature range, 
the temperature drift is 10 MHz for 
the F3874 and F3875 models and 
20 MHz for the F4002.

Teledyne RF & Microwave also 
offers oscillators and bandpass � l-
ters that use its YIG technology, 
as well as a complete line of RF/
microwave components for aero-
space and defense: e.g., ampli� ers, 
switches, power dividers, mixers 
and circulators.

Teledyne RF & Microwave
Mountain View, Calif.
www.teledynemicrowave.com

500 MHz to 20 GHz, 
YIG-Based Notch Filters 
for EW

Developed for electronic 
warfare (EW) systems, 
Teledyne RF & Micro-
wave offers a family of 

three tunable notch � lters that use 
its patented shunt yttrium iron gar-
net (YIG) technology. Because YIG 
spheres have such high Q, Tele-
dyne’s YIG � lters achieve “super 
notch” performance: greater re-
jection over a narrower bandwidth 
than other notch � lters, including 
competing YIG � lters.

The three models in Teledyne’s 
family of band reject � lters provide 

notches across 0.5 to 3 GHz (model 
F3874), 2 to 6 GHz (F3875) and 2 
to 20 GHz (F4002), with 40 dB re-
jection bandwidths of 6, 30 and 22 
MHz, respectively. The 3 dB notch 
bandwidths are from 50 to 90 MHz 
(depending on the center frequen-
cy) for the F3874, 150 MHz for the 
F3875 and 160 MHz for the F4002. 
The typical passband insertion loss 
is 1.5 to 1.9 dB, less at the lower 
bands, as expected.

The frequency of the � lter’s notch 
is tuned with a current source, which 
has a typical tuning sensitivity of 10, 
20 and 20 MHz/mA for the three 
models. The YIGs use a built-in 
heater, which is biased with 28 V 

NA or VNA?

•   Insertion losses at 43.5GHz are typically  

30-40% lower than the OEM’s test port cables

•  VSWR <1.25 (<-18dB S11 and S22)

•   Available with precision 2.92mm  

and 2.4mm connectors in various  

gender combinations

DuraWave™ PS43  
was developed by Swift Bridge Technologies to 

exceed OEM cable performance through 43.5GHz
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the USB 2.0 protocol to support the 
widest range of computers, oper-
ating systems and interface stan-
dards, including SPI, I2C, Ethernet 
and SCPI.

SF power sensors will work well 
from the lab to ATE systems on the 
manufacturing � oor, particularly 
where small size is important. For 
example, 16 sensors can be placed 
side by side in a 1U rack, eliminat-
ing the need for a 16-way switch 
feeding a single power sensor in an 
ATE system.

LadyBug Technologies LLC
Boise, Idaho
www.ladybug-tech.com

Small Power 
Sensors with USB C 
Interface

LadyBug Technologies is 
developing a new series 
of small form factor, USB C 
power sensors, designated 

SF. Combining small size with the 
capability to measure multiple sig-
nal types—from single tone and 
multi-tone CW to wideband, com-
plex digital waveforms—the SF se-
ries will provide an attractive com-
bination of performance, size and 
cost.

The SF line will have both di-
ode sensors with > 95 dB dynamic 
range and thermally-based CW sen-
sors with frequency coverage to 110 
GHz. LadyBug will release lower fre-
quency models in early 2023, with 

the thermally-based sensors by the 
end of the year. The thermal sen-
sors, fabricated with a new foundry 
process, will extend frequency cov-
erage to V-, E- and W-Band. All 
transducer technologies have sub-
millisecond rise times, and all sen-
sor models use LadyBug’s patented 
NoZero NoCal functionality, which 
is stable over temperature and 
traceable to NIST (� rst-tier).

This SF series of power sensors is 
the � rst to adopt the type C USB in-
terface. USB enables PC connectiv-
ity with triggering and embedded 
system control to be achieved with 
a single, standard connector. USB 
communication will continue using 
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M A K I N G
RF Frequency 
Synthesizers

Learn all about the extreme usefulness of RF 
frequency synthesizers in the latest Fairview 

blog post.
Fairview Microwave
ow.ly/OO5Y50LTKt3 Episodes 20-22: The 

Future of
Wireless Communications

The All Things 5G podcast returns with a three-
episode series featuring a panel of industry leaders 

discussing current and future challenges faced by 5G 
and non-terrestrial network development engineers.

Keysight Technologies 
bit.ly/3UBYq6D

Great Times at AOC 2022
The Association of Old Crows (AOC) Symposium was 

the perfect environment to exhibit the incredible 
capabilities of our products, and the SM435C was the 

star of the show.

Signal Hound
bit.ly/3Y7VP7M

Quality Assurance at SV
SV Microwave has earned a reputation for produc-
ing high-quality RF products that exceed custom-
ers’ expectations. Watch the video to learn more. 

SV Micro
https://bit.ly/3fpM2Iw

Meeting the evolving needs of design en-
gineers, Modelithics offers full-wave 3D 
electromagnetic analysis services to cre-
ate encrypted 3D geometry-de� ned mod-
els for RF/microwave devices.
Modelithics
www.modelithics.com/home/
emmodeling

Modelithics 3D 
Modeling Services

Got RF PCBs? We’ve
Got You Covered!
Come visit our new website, and for a housewarm-
ing gift, we’d like you to subscribe to our newslet-
ter through the Contact Us page. We’ll be sharing 
expert DFM tips and tricks for successful RF/
microwave PCBs. 
Transline Technology
www.translinetech.com
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COMPONENTS/MODULES
Waveguide Switch 

Model SWJ-05-T1 is a 
motorized WR-05 
waveguide transfer 
switch that covers the 
frequency range of 
140 to 220 GHz. The 
bidirectional switch 
includes four E-plane 

ports. Double pole, double throw operation 
allows each port to be connected to either 
of its adjacent ports. Typical insertion loss 
is 2.5 dB with 40 dB isolation between 
disconnected ports. The RF ports are WR-05 
waveguide with UG-387/U-M anti-cocking 
flanges. The switching speed is 125 ms. An 
H-plane version of the switch is also 
available.
Eravant 
www.eravant.com

Ultra-Broadband Directional 
Couplers 

KRYTAR Inc. 
announced the 
continued expansion 
of its line of ultra-
broadband directional 
couplers with the 

addition of a new model offering 16 dB of 
nominal coupling over the frequency range 
of 1 to 65 GHz (S- through V-Bands), in a 

104 	 	 MWJOURNAL.COM  JANUARY 2023

compact and lightweight package. KRYTAR’s 
latest addition, model 101065016, 
enhances the selection of multi-purpose, 
stripline designs that exhibit excellent 
coupling. This coupler offers the ultimate 
solution for emerging designs and test and 
measurement applications including 
mmWave and 5G.
KRYTAR Inc. 
www.krytar.com

MMIC Frequency Tripler 

Mini-Circuits’ model 
CY3-453-DG+ MMIC 
frequency tripler 
delivers output 
signals from 20 to 45 
GHz. It accepts inputs 
from 6.66 to 15.00 
GHz at typical power 

levels of +12 to +17 dBm and provides 
output signals with conversion loss of 
typically 19.0 to 20.3 dB and fundamental 
and harmonic suppression of -25 dBc or 
better. Based on GaAs HBT technology, the 
50 Ω tripler die measures 2500 × 2400 μm 
and is a good fit for back-haul radio, satcom 
and test applications.
Mini-Circuits 
www.minicircuits.com

Custom Capacitor Assemblies
Passive Plus Inc. (PPI) 
offers custom 
capacitor assemblies 
for high-power 
requirements. Typical 
assemblies are 

configured in series and/or parallel combina-
tions, producing higher voltage/current 
handling capabilities, extended capacitance 
range and tighter tolerances. PPI works with 
requesting engineers to determine the best 
assembly for their applications.
Passive Plus Inc. 
www.passiveplus.com

Fixed RF Attenuators 

Pasternack has 
expanded its line of 
40 GHz fixed RF 
attenuators with 2.92 
mm connectors that 
lower the amplitudes 
of signals in a wide 

variety of applications. Pasternack’s 40 GHz 
attenuator pads are engineered for prevent-
ing signal overload in amplifiers, detectors 
and receivers and adjusting RF signal levels 
to an optimal range. These 40 GHz fixed RF 
attenuators protect measurement equipment 
and other circuitry by reducing RF power.
Pasternack 
www.pasternack.com

Higher Power Handling Switch Series
RLC Electronics Inc. 
has recently launched 
a new SP9T/SP10T 
higher power handling 
switch series. These 
switches operate from 
DC to 6 GHz 
(minimum) and will 

handle upwards of 150 W cW (previous 
designs limited power to 75 W cW). Units 
exhibit low loss (0.25 dB), high isolation  
(> 70 dB) and are designed to operate in 
severe environmental conditions. Switch to 
RLC for your electro-mechanical switch 
needs, from DC to 65 GHz, SP2T-SP12T.
RLC Electronics Inc. 
www.rlcelectronics.com

Coaxial Coupler for Space and 
Defense 

Smiths Interconnect 
extends its broad range 
of coaxial coupler 
components in UHF to 
Ku-Band. Smiths 

Interconnect’s comprehensive range of coaxial 
coupler components are designed for mission 
critical applications including GEO/MEO and 
LEO payloads, launch systems and deep space 
mission management. Several products of this 
offering are also used in ground, airborne and 
naval defense applications.
Smiths Interconnect 
www.smiths.com

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

featuring  storefronts
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NewProducts

Waveguide Antennas for 
Automotive Radar

OTA Measurements Over 
Extreme Temperatures

Using Digital/RF Cross-Domain 
Stimulus/Response to  

Characterize Direct Digital 
Wideband Transceivers

How Additive Manufactured 
Dielectrics May Solve the 

Challenges of “Air-Like”  
Dielectrics

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

Sponsored   Sponsored   

bulkhead coaxial adapters offer performance 
from DC to 6 GHz. Adapters that have a 
male to female or plug to jack configuration 
are known as “connector savers.” Typically, 
a low loss or low VSWR adapter is placed on 
more expensive component connectors to 
prevent damage.
HASCO 
www.hasco-inc.com

Board-to-Board Solution
MFBX Evo from 
HUBER+SUHNER 
offers enhanced RF 
performance and 
achieves excellent 
return loss rates at 

higher frequencies (up to 6 GHz). Its 
modular design reduces resources as the 
connector parts can be used in different 
connections. Time savings are also 
achieved during the assembly process due 
to its blind ‘mateability’ feature whilst 
ensuring a safe, reliable and secure 
connection between interfaces quickly. To 
learn more on the company’s complete 
board-to-board connector offering, please 
visit the website.
HUBER+SUHNER 
www.hubersuhner.com

EESeal®  EMI Filter Connector Inserts

Meet the newest 
addition to the 
EESeal® family of 
EMI filter connector 
inserts: the EESeal+. 
Achieve enhanced 
filtering for demanding 

feature an IP67 protection rating for peace 
of mind when used in harsh-environment 
applications. Adding to this, the M12 value 
rail connectors are also vibration- and 
shock-resistant to IEC 61373.
Digi-Key 
www.digikey.com

Drop-in 90-Degree Hybrid 

MIcable has released 
new 0.12 to 
0.23/0.225 to 
0.4/0.4 to 1 GHz 
high-power drop-in 

90-degree hybrids. They have 1.2:1/1.25:1 
maximum. VSWR, 0.25/0.3 dB maximum 
insertion loss, ±0.5/±0.65 dB maximum 
amplitude unbalance, ±5 degrees maximum 
phase unbalance, 18/20 dB minimum 
isolation and 200 W maximum power 
handling capability with excellent stability 
and heat dissipation ability in small 
packages. They are suitable for power 
amplifier, power combining network, antenna 
feed network, modulator and phase shifter 
applications.
Fujian MIcable Electronic Technology 
Group Co. Ltd. 
www.micable.cn

MCX to SMA Between-Series 
Adapters 

Introducing HASCO 
MCX to SMA 
between-series 
adapters. HASCO’s 

RF Switch Modules
Withwave’s RF Switch 
Modules have 
absorptive RF 
switches such as 
SP4T, SP8T, SP10T 
and SP12T according 

to switching applications and frequency 
range. They deliver high isolation, low 
insertion loss and fast switching time, 
making these devices ideal for RF signal 
routing in wireless infrastructure and 
applications up to maximum frequency 
range. External connectors include 2.92 mm 
vertical launch connectors for all RF port. 
They are powered and controlled through a 
USB 3.0 connector.
withwave co. ltd 
www.with-wave.com

CABLES & CONNECTORS
M12 Value Rail Connectors

TE Connectivity’s 
economic version of 
M12 connectors 
includes A-coded 
eight-position and 
D-coded four-position 

male and female straight and field-install-
able products. These M12 value connectors 
also comply with rail application standards 
EN45545 and IEC61373. The products 
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high frequency requirements (up to 20 to 40 GHz) and greater 
attenuation needs (up to 45 to 50 dB). The EESeal+ utilizes 
conductive silicone rubber to provide an extremely low inductance 
ground plane. Like the original EESeal, it can be installed in 
seconds, maintains the environmental seal of the host connector 
and is proven against military standard (MIL-STD) and DO-160 
requirements.
Quell 
www.eeseal.com

PS RF Cable Assemblies 

FastEdge™ PS RF 
cable assemblies 
feature enhanced 
phase and amplitude 
stability with flexure 
without sacrificing 
flexibility. The PS 
series distinguishes 
itself by guaranteeing 
a maximum phase 
and insertion loss 
stability specifica-

tion. They are optimized for laboratory and production test environ-
ments that require precise and repeatable measurements. The 
flexibility of FastEdge™ PS cables reduces mechanical stresses on 
the device under test as compared to phase stable assemblies from 
other manufacturers.
Swift Bridge Technologies 
www.swiftbridgetechnologies.com

AMPLIFIERS
Solid-State X-Band Pulse Amplifier 

Exodus Advanced Communications’ 
AMP4022DBP-4KW Pulse Amplifier 
is designed for pulse/HIRF, EMC/
EMI MIL-STD-461/464 and radar 
applications. Providing superb pulse 
fidelity and up to 100 usec pulse 
widths. Duty cycles to 6 percent 
with a minimum 66 dB gain. 
Available monitoring parameters for 

forward/reflected power in watts, dBm, VSWR, voltage, current and 
temperature sensing for outstanding reliability and ruggedness for 
compact integrations.
Exodus Advanced Communications 
www.exoduscomm.com

Temperature-Compensated Amplifiers 

Fairview Microwave Inc. has 
released a series of temperature-
compensated amplifiers to address 
precision performance and test and 
measurement applications. 
Fairview’s new series of coaxial 
packaged, temperature-compensat-
ed amplifiers covers broadband and 
ultra-broadband frequencies ranging 
from 0.5 to 40 GHz. Designs 

incorporate pin diode attenuation circuitry that senses and adjusts 
broadband gain levels and maintains a minimum gain level of 35 dB 
over the full operational temperature range of -67°F to +185°F.
Fairview Microwave Inc 
www.fairviewmicrowave.com
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www.wamicon.org

Exhibit/Sponsor Opportunities Available! 

Email: jassurian@reactel.com

llevesque@ieee.org

dzavac@tte.com

JOIN US
WAMICON 2023 will be held in Melbourne, Florida 

on April 17-18, 2023. The conference addresses 

interdisciplinary aspects of wireless and RF technology.  

CALL FOR PAPERS
WAMICON 2023 focus is “Microwave & RF Innovations 

Connecting Government, University and IndustrConnecting Government, University and Industry.” 

Submissions on all aspects of related technologies are 

encouraged:  

 • Antennas         • 5G/6G & IoT
 • Circuits: Passive & Active   • IoE

 • Communication Theory   • Machine Learning

 • Space          • Artificial Intelligence

  • Radar & Radiometer    • Hardware Security

Prospective authors are invited to submit original work for 

presentation and publication in IEEE Xplore.  

Topics of interest include:

 • Space & Emerging Applications
 • mmWave to THz Technologies

 • Internet of Everything (IoE)

  • PAs, Active Components & Systems

 • Passive Components & Antennas       

Visit www.wamicon.org for complete submission details.  

Important Dates 

 Papers Due:                February 8, 2023 
 Author Notification:    February 22, 2023

 Final Papers Due:       March 1, 2023 

IEEE Wireless and Microwave  Technology Conference

WAMICON 2023

Crowne Plaza Oceanfront

Melbourne, Florida

April  17-18, 2023

Low Noise Amplifier 

Quantic PMI model PE2-20-1G40G-
5R5-15-12-292FF is a low noise 
amplifier that operates over the 
frequency range of 1 to 40 GHz and 
provides +20 dB minimum gain with 
gain flatness of ±2.75 dB maxi-
mum; noise figure of 4.0 dB typical; 

VSWR in/out 2.5:1; OP1dB 15 dBm minimum and input power of 
+17 dBm maximum. This amplifier is supplied with 2.92 mm 
connectors in a housing that can be used as a surface-mount or 
connectorized component.
Quantic PMI 
www.pmi-rf.com

SOURCES
OCXOs

Raltron is enabling communications 
networks around the globe with its 
OX7000 Series, the smallest SMD 
oven controlled crystal oscillator 
(OCXO) available on the market. At 
only 9 x 7 mm, the OX7000 Series 
features superior temperature 

stability in an ultra-small package and is designed for all aspects of 
5G wireless infrastructure, network interface cards, transmission and 
base station application requirements. The OX7000 Series covers a 
frequency range from 10 to 40 MHz with a power supply voltage of 
3.3 V at 150 mA steady state.
Raltron 
www.raltron.com

TEST & MEASUREMENT
RF Microwave Generator

RIGOL Technologies announced a 
new RF microwave generator, the 
DSG5000 Series, that can generate 
up to 20 GHz carriers with high 
signal fidelity. These new genera-
tors are available with two, four, six 

or eight independent RF channels packaged in a single 2U full width 
mainframe. The DSG5000 Series features impressive long-term 
phase stability between channels of ±1 degree and is designed for 
high frequency signals in applications like radar and quantum 
research.
RIGOL Technologies 
www.rigolna.com

Diode Power Sensors 

The new R&S NRP90S and R&S 
NRP90SN power sensors from 
Rohde & Schwarz provide unheard-
of performance in power measure-
ments. The new instruments 
combine an extraordinary frequency 

range of 50 MHz to 90 GHz with a dynamic range from -70 to 20 
dBm along with high measurement speeds of 50,000 measure-
ments per second. Compared to current thermal power sensors for 
measurements over 67 GHz, the diode technology increases the 
power measurement dynamic range by 35 dB and significantly cuts 
test times.
Rohde & Schwarz 
www.rohde-schwarz.com
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Mastering Technical Sales: 
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John Care

Hardcover • 420 pp. • 2022 

ISBN: 978-1-63081-872-2

$98 / £85

 Master the unique role of the Sales Engineer, from the 
broad picture to the nuances of the job

 Become an effective bridge-builder between the 
business/commercial interests and the technical details 
that support the sale

 Improve your skills and increase your value to the sales 
team

 Integrate global practices into your day-to-day activities

 Increase your ability think on a more strategic level
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Order at ArtechHouse.com
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Bookend
Chip War: The Fight for the World’s Most Critical Technology
Chris Miller

Publisher: Scribner (October 4, 2022)

Length: 464 pages

ISBN13: 9781982172008

List Price: $30

www.simonandschuster.com

In the 1980s, the American semi-
conductor industry lost ground to 
Japan. Japan’s use of continuous 

quality improvement led to better qual-
ity and, after emerging from denial, U.S. 
industry embraced quality gurus—Jo-
seph Juran and Phil Crosby, authors of 
“Quality Is Free”—and initiatives such 
as Six Sigma and the Malcolm Baldrige 
National Quality Award. Despite U.S. 
improvements in semiconductor quality, 
Japan remained a center for new wafer 
fabs because of the country’s lower cost 
of capital. The interest on a billion dollar 
investment was, as a former colleague 
said, “adult money.”

Over the next decades, South Korea 
and Taiwan built semiconductor indus-
tries, often beginning with the lowest 
cost devices that were hard for the U.S. 
and Europe to competitively produce. 
The inexorable capitalist pull of gravity 
led to China, as the country traded low 

cost labor in exchange for economic de-
velopment, bootstrapping its entry into 
high tech, including, of course, semi-
conductors.

If the U.S. government considered the 
implications of this � ow of technology, 
the DoD was the most vocal about the 
looming threat, concerned that China 
would use the latest generations of sili-
con and compound semiconductors to 
enable its weapons systems and erode 
U.S. technology leadership. The threat 
became more apparent with the author-
itarian regime of Xi Jinping and the near 
juggernaut growth of Huawei. The pan-
demic and Russian invasion of Ukraine 
provided double exclamation points on 
U.S. dependence and vulnerability to 
China. The Trump and Biden adminis-
trations moved to restrict, then stop, ex-
porting the latest semiconductor prod-
ucts and manufacturing technologies to 
China, and Congress passed the CHIPS 

and Science Act to invest in U.S. semi-
conductor facilities and R&D, mimick-
ing China’s policy of state and “private” 
company collaboration.

“Chip War, the Quest to Dominate the 
World’s Most Critical Technology” tells 
a synopsis in fascinating and readable 
detail. It was researched and written by 
Chris Miller, who teaches international 
history at the Fletcher School at Tufts 
University. There’s no better primer as 
we watch the “chips act” unfold.
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Ultra-High Rejection

• Rejection floor down to 100+ dB

• Excellent selectivity

• Built-in shielding

• 1812 package style

• Patent pending

Substrate Integrated Waveguide

• First commercially available  

SIW LTCC filter in the industry

• Narrow bandwidth (~5%)  

and good selectivity

• Internally shielded to prevent detuning

• 1210 package style

mmWave Passbands

• Passbands to 50+ GHz

• The industry’s widest selection of LTCC  

filters optimized for 5G FR2 bands

• Growing selection of models for 

 Ku- and Ka-band Satcom downlink

• 1812 & 1008 package styles

Integrated Balun-Bandpass Filters

• Combine balun transformer and  

bandpass filter in a single device

• Saves space and simplifies board layouts  

in ADCs, DACs and other circuits

• 1210, 1008 & 0805 package styles

LTCC Filter
Innovations

P R O P R I E TA R Y  T E C H N O L O G I E S

The Industry’s Widest Selection

L E A R N  M O R E



Maury Microwave: For 65 Years, Always Part of The Solution

M
aury Microwave is one of a handful of epony-
mous RF/microwave companies that proudly 
re� ects the legacy and vision of its founders—

in this case 65 years after Mario Sr., Mario Jr. and Marc 
Maury started the company in southern California. Any-
one working in the microwave industry quickly learns the 
importance of precision. While the frontier today may be 
mmWave and sub-THz, low GHz measurements were the 
challenge when Maury Microwave was founded. Maury’s 
mission was and is to ensure they are accurate.

After three generations of family leadership, the com-
pany was acquired by Artemis Capital Partners in 2021. 
But the mission is the same: ensuring con� dence in RF 
through THz measurements and models by providing the 
best, proven characterization solutions, components and 
services. Over the decades, Maury’s products expanded, 
from vector network analyzer (VNA) calibration kits to 
rugged, precision cables. The company realized that the 
painstaking e� ort to calibrate a VNA could be compro-
mised by the cables used for measurements. The next 
challenge was power ampli� er (PA) design. As computing 
power enabled designers to extend simulation beyond sim-
ple load line analysis, Maury developed systems for load-
pull measurements. Load-pull characterization enables 
a designer to precisely map the output power, e�  ciency, 
harmonics and gain contours of a semiconductor device, 
then de� ne the PA load to optimize the performance.

Today, the company organizes its activities around four 
product lines: device characterization, precision calibra-
tion, interconnects and instrument ampli� ers. Along the 
way, Maury acquired Anteverta-mw in 2015 and dBm-
Corp in 2021. Anteverta-mw, based in Eindhoven, had de-
veloped a novel load-pull technology for active impedance 
control with wideband modulated signals, enabling device 
characterization with real-world signals. dBm, based in 
Oakland, N.J., brought system-level testing of satellite 
payloads and wireless systems, enabling Maury to add 
systems solutions to the portfolio.

The heart of the company remains in Ontario, Calif., a 

90,000 square-foot facility that houses R&D, manufac-
turing, calibration and repair services, warehousing and 
shipping. Almost half of the facility—40,000 square 
feet—is dedicated to internal manufacturing, assembly 
and test of its precision coaxial and waveguide compo-
nents. Maury has 15 advanced CNC milling and lathe 
cells, wire electrical discharge machining, honing and heat 
treatment capabilities. To guarantee precision tolerances, 
Maury uses optical and touch probe coordinate measur-
ing machines, laser micrometers and air gages, as well as 
other standard inspection equipment. To assess RF per-
formance, 20 VNAs support the metrology, interconnect 
and tuner product lines.

The Ontario facility also has a 3000 square-foot mea-
surement and modeling lab with capabilities that are an 
engineer’s dream: DC and pulsed IV measurements to 250 V 
and 30 A, S-parameter measurements to 170 GHz for CW 
and 67 GHz for pulsed. Load-pull testing comprises passive 
load-pull to 110 GHz, active to 170 GHz and harmonic to 
67 GHz. Noise parameters and noise � gure can be mea-
sured to 90 GHz, and Maury has a Faraday cage to avoid 
interference. The lab also has capabilities to measure mixers 
and transmit/receive signal chains to 67 GHz. Both � xtures 
and automated on-wafer measurements are supported, 
on-wafer with 200- and 300-mm probe stations. Fixture 
measurements support power levels to 1 kW pulsed. Follow-
ing characterization, device modeling capabilities include en-
hanced poly harmonic distortion (EPHD) and neural network 
behavioral models to 67 GHz. The Ontario quality system is 
certi� ed to ISO9001 and AS9100; its testing and calibra-
tion capabilities meet ISO/IEC 17025 requirements.

Re� ecting the Maury family legacy, the company re-
mains commi� ed to using measurement science to serve 
the RF/microwave industry and help its customers develop 
new generations of products. Design success begins with 
accurate simulation, which relies on measurement accu-
racy. That’s Maury Microwave’s commitment, to always be 
part of the solution.
www.maurymw.com
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E-PLANE COMBINERS

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

CW Power      E-Plane Combiner vs.      Radial Combiner

SOLID STATE RADAR

16-Way Combiner
5300 - 5900 MHz

12,000 W CW, 2.5 MW Peak
WR159 Output, Half Height WR159 Inputs

A New Class of Patented Microwave Power Combiners with Extremely 
High Power Handling Capability.

WERLATONE’s new N-Way E-Plane Combiner architecture is ideally suited 
for emerging High CW Power/ High Duty Cycle Solid State Radar 
requirements.  

Whereas an N-Way Radial Combiner design is limited in CW output power 
due to the diameter of the central output coaxial section (based on TEM 
Mode Operation), the E-Plane Combiner is limited only by the CW power 
rating of the respective waveguide size. This results in an N-Way Combining 
architecture which handles multiples higher in power at respective 
frequencies.

• Higher CW Power and Higher Duty Cycle 

• High Power Density and Low Loss 

• Space Efficient, Planar Structure 

• Ideal for S, C, X, Ku, Ka Bands

HIGHER CW POWER LONG DUTY CYCLES COMPACT & LOW LOSS

S-Band C-Band X-Band Ku-Band Ka-Band
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