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TRUSTED ENGINEERING 
RESOURCE FOR over 50 YEARS

We provide engineers with “need to know” 
information on the latest microwave technology,  
as well as applications for design engineers. 
Microwaves & RF offers engineering professionals the 
latest news in the industry, in order to stay current in 
their field.

Who we are
Microwaves & RF serves as a continuing-education guide for engineering 
professionals involved in the design of components, software, subsystems, 
and test equipment for automotive, commercial, industrial, medical, and 
military applications for high-frequency electronics. The magazine provides 
articles on RF and microwave technology and applications for design 
engineers and engineering managers working from approximately 10 
MHz through millimeter-wave frequencies and optical wavelengths in both 
analog and digital areas. 

Who we reach
With over 50 years covering the industry, Microwaves & RF continues to 
deliver high-quality editorial content to 48,000 design and development 
engineers and managers working with high-frequency and high-speed 
technologies and systems. Our audience touches primary end products 
from the following industries: Aerospace, Automotive, Weapons/
Electronics Warfare, Computers/Computer Networks, Communications/
Cellular/Broadcast, Consumer Electronics, ICs and Semiconductors, 
Medical, Industrial, and Test Equipment.

How we engage with our audience
Microwaves & RF focuses on key relevant information for engineers as 
opposed to theoretical coverage more appropriate for academics. It continues 
to be the most useful, most read publication among people designing in the 
automotive, commercial, industrial, medical and military industries.

visited  an advertiser’s website 
for more informationvisited 63%

discussed an ad with someone else in 
the companydiscussed 39%

saved an advertisement on file for future 
referencesaved 36%

recommended the purchase of advertised/editorialized 
products or servicesrecommended 32%

referred an ad to someone else in the company by 
passing along a tear sheet, photocopy or actual issuereferred 32%
considered business with an advertised/
editorialized companyconsidered 31%

bought products or services advertised 
or editorializedbought 23%

sought additional info from a company, slaes rep, or a 
distributor, by mailing, emailing, faxing or callingsought 22%
used the Web site to request further 
informationused 22%

Actions Taken 
In the past 12 months, what actions have you 
taken as a result of seeing articles and/or ads in 
Microwaves & RF?
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WILKIE YU | Worldwide Marketing Manager for RF/Microwave Handheld Products

bers of the portable test line include spec-
trum analyzers, cable/antenna analyzers, 
and vector network analyzers operating to 
26.5 GHz, with lab-worthy performance. 

The new FieldFox portable analyzers 
(Fig. 1) are configured for flexibility. A user 
can start simply (with a cable and antenna 
analyzer) and later upgrade with addi-
tional measurement functions, such as a 
spectrum analyzer and/or a microwave 
vector network analyzer (VNA). The cable 
and antenna analyzer performs the types 
of measurements that are most useful to 
troubleshooters in wired communications 
systems as well as wireless antenna sites 
(Fig. 2), including distance-to-fault, re-
turn-loss, and cable-loss measurements. 

As the table shows, the FieldFox ana-
lyzers offer a wide range of frequency 
models through 26.5 GHz. In addition, 
they are built for the field, housed in sealed 
enclosures that are compliant with US 
MIL-PRF-28800F Class 2 requirements, to 
withstand the rigors of in-field testing. The 
instruments and their housings are type 
tested to meet MIL-STD-810G, Method 
511.5 Procedure 1 requirements.  

FieldFox analyzers are available in one 
of three base configurations: as a cable and 
antenna analyzer, as an RF/microwave 
VNA, or as a microwave spectrum ana-
lyzer. The cable and antenna analyzer can 
be expanded by means of optional add-on 
instrument functions, such as a spectrum 
analyzer, a VNA, a vector voltmeter, DC 
source, or a power meter. They can also 
be upgraded with any of these options at 
a later date through a simple license key 
process without the need to send the in-
strument to a service center. The base con-
figuration with the RF/microwave VNA 
can be expanded with options for per-
forming full two-port S-parameter mea-
surements, time-domain analysis, a cable 
and antenna analyzer, a vector voltmeter, 
and a power meter. Finally, the base con-
figuration with spectrum analyzer can 
be expanded with options for a full-band 
tracking generator, a full-band preampli-

fier, an interference analyzer 
and spectrogram, reflection-
measurement capability, 
a power meter, and even a 
frequency counter. 

The FieldFox instru-
ments (Fig. 3) are only 7.4 
in. (188 mm) wide and easy 
to hold, boasting an easy-to-
navigate control panel with large keys 
that can be controlled in the field, even 
when wearing gloves (Fig. 4). Data are 
shown on a 6.5-in. thin-film-transistor 
(TFT) display. The light-weight (6.6 lbs 
or 3.0 kg) analyzers run on rechargeable 
lithium-ion batteries. They draw about 
14 W power during normal operation and 
run for about 3.5 h on a battery charge. 

The RF/microwave VNAs in the 
FieldFox analyzers compare favorably 
with Agilent’s PNA series of benchtop 
VNAs. In measurements of S21 forward 
transmission on a bandpass filter centered 
at 1.9 GHz, a side-by-side comparison of a 
FieldFox analyzer with a PNA reveals very 
little difference (Fig. 5).  

The VNAs are full two-port instru-
ments with four receivers, capable of mea-
suring the phase and magnitude of all four 
S-parameters with a dynamic range to 100 

dB at lower frequencies and 94 dB to 18 
GHz. The FieldFox VNAs feature low trace 
noise of ±0.004 dB. They can also simulta-
neously display all four S-parameters, and 
perform gated time-domain analysis.  

In addition, the VNAs feature several 
automatic calibration functions. For ex-
ample, QuickCal is a built-in function 
that provides a means of performing a 
fast two-port calibration. It automatically 
corrects for phase shifts and loss of cables 
and adapters and electrically shifts the 
calibration plane of the VNA to the end of 
these interconnect components, and to 

PORTABLE  
ANALYZERS 
Pack Lab 
Quality

These 14 new  
portable handheld RF/

microwave analyzers 
bring the measurement 

power of a test  
laboratory to the field, 

with spectrum and  
vector-network analysis 

through 26.5 GHz. 

CoverStory
Agilent Technologies, 1400 Fountaingrove Pkwy., Santa Rosa, CA 95403-1738; 
e-mail: wilkie_yu@agilent.com, www.agilent.com

1. A total of 14 new 
FieldFox analyzers provide 
users with a wide choice  
of frequency ranges and 
measurement functions. 

2. The light weight and small size of  

the FieldFox analyzers makes it a simple 

matter to bring laboratory-grade  

measurement power to wired and  

wireless communications antenna sites.

MICROWAVE MEASUREMENTS 
are increasingly performed in the field, 
especially as RF/microwave communi-
cations infrastructure continues to ex-
pand. Unfortunately, in-field measure-
ments have long been associated with 
portable test equipment of questionable 
performance and quality, at least when 
compared with laboratory-grade RF/mi-
crowave test instruments. However, the 
latest additions to the FieldFox family of 
portable analyzers from Agilent Technolo-
gies (www.agilent.com) may change more 
than a few opinions on portable RF/mi-
crowave test equipment; the 14 new mem-

Model Function Frequency range

N9913A Combination 
analyzer

30 kHz to 4 GHz (cable/antenna)
100 kHz to 4 GHz (spectrum analyzer)

N9914A Combination 
analyzer

30 kHz to 6.5 GHz (cable/antenna)
100 kHz to 6.5 GHz (spectrum ana-
lyzer)

N9915A Combination 
analyzer

30 kHz to 9 GHz (cable/antenna)
100 kHz to 9 GHz (spectrum analyzer)

N9916A Combination 
analyzer

30 kHz to 14 GHz (cable/antenna)
100 kHz to 14 GHz (spectrum  
analyzer)

N9917A Combination 
analyzer

30 kHz to 18 GHz (cable/antenna)
100 kHz to 18 GHz (spectrum  
analyzer)

N9918A Combination 
analyzer

30 kHz to 26.5 GHz (cable/antenna)
100 kHz to 26.5 GHz (spectrum  
analyzer)

Model Function Frequency range

N9925A Vector network 
analyzer

30 kHz to 9 GHz

N9926A Vector network 
analyzer

30 kHz to 14 GHz

N9927A Vector network 
analyzer

30 kHz to 18 GHz

N9928A Vector network 
analyzer

30 kHz to 26.5 GHz

N9935A Spectrum  
analyzer

100 kHz to 9 GHz

N9936A Spectrum  
analyzer

100 kHz to 14 GHz

N9937A Spectrum  
analyzer

100 kHz to 18 GHz

N9938A Spectrum  
analyzer

100 kHz to 26.5 GHz

 Sizing up the new FieldFox analyzers

Source: Baxter Research



Our expert editorial staff provides articles on RF and microwave technology and applications for design engineers 
and engineering managers working from approximately 10 MHz through millimeter-wave frequencies and optical 
wavelengths in both analog and digital areas. 

Drones. Smart homes. LTE-A. Small cells. IEEE 802.11ac. 
Wireless medical electronics. These are just some of the 
applications and technologies driving advances in the RF/
microwave industry. In 2013, such rapid progress will certainly 
continue. To keep you abreast of the latest advances, the 
Microwaves & RF editorial team has carefully crafted our 
editorial calendar for next year. From themed issues to Design 
Features, trend coverage, and product write-ups, we plan to 
keep you up-to-date with the hottest development areas in the 
industry and how they are impacting real-world designs and 
business opportunities. See our full calendar on the last page.

Editorial 
Excellence 

Jack Browne
Technical Editor

Nancy Friedrich
Editor-in-Chief

Sally Ward-Foxton
European Associate 
Editor

Paul Whytock
European Editor

Jeremy Cohen
Managing Editor
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TO MUCH ACCLAIM, NASA’s 
Jet Propulsion Laboratory (JPL) 
successfully landed the “Curios-
ity” Rover on Mars last month. 
This Mars Science Laboratory 
(MSL) will be used to determine 
whether the areas around its 
landing can support microbial 
life. The rover landed in the Gale 
crater, which has deep layers 
of sediment for researchers to 
study. Among the components 
supporting its landing were a 
number of microwave parts. 

Delta Microwave (www.
deltamicrowave.com), for ex-
ample, supplied L-band Global 
Positioning System (GPS) filter/
amplifiers for the range safety 
system of the Atlas V launch 
vehicle. The firm also supplied 
X-band filters for the radar in 
the descent vehicle and ultra-
high-frequency (UHF) couplers 
for the rover’s communications 
radio (Fig. 1).

Also crucial to the descent 
and landing—as well as the 

rover’s entry—was Haigh-Farr’s 
(www.haigh-farr.com) Wrap-
around Antenna system. The 
antenna, which consists of four 
segments individually mounted 
on the parachute cone, provides 
nearly full 360-deg. cover-
age. Haigh-Farr designed and 
manufactured the four-segment 
Wraparound Antenna at its 
Bedford, NH facility. At NASA 
JPL’s Pasadena, CA facility, the 
antenna was installed on top of 
the spacecraft that contained 
the rover. 

Curiosity is much larger than 
any previous Mars Rover and 
five times heavier. Even as it 
made its descent, the rover was 
tasked with providing mission-
critical telemetry data to NASA 
engineers about what it was 
“experiencing” (Fig. 2). MSL was 
the first planetary mission to use 
precision-guided, lifting-trajec-
tory landing techniques. 

While the rover can send di-
rect messages, NASA notes that 
it communicates more efficiently 
with the help of spacecraft in 
orbit—including NASA’s Odys-
sey and Mars Reconnaissance 
Orbiter and the European Space 
Agency’s Mars Express. Across 
the globe, NASA’s Deep Space 
Network of antennae receive the 
transmissions. They then send 
them to the MSL mission opera-
tions center at NASA’s JPL. 

Microwave 
Parts Help 
Curiosity 
Land Safely
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News

By 2016, 
there will be  

a total of 
3 billion 

networked 
devices 

in the US.

That’s  
9 devices 
for every man, 
woman, and 

child.

1. This image shows the landing phase of the Mars  

Curiosity Rover—a descent that leveraged a radar  

system using a variety of microwave components.

2. The Mars Curiosity 

Rover has the ability 

to convey the largest 

amount of data ever 

obtained throughout 

the entry, descent, and 

landing process during  

a non-Earth entry.

TO ENABLE THE NEXT size 
and cost leap for commu-
nications systems,  

researchers from the Agency 
for Science, Technology, and 
Research’s (A*STAR’s) Institute 
of Microelectronics (IME) have developed 
a silicon-based cavity-backed slot (CBS) 
antenna. Compared to on-chip antennas 
working at the same frequency (135 GHz), 
the antenna purportedly demonstrates 30X 
stronger signal transmission. Measuring 
1.6 x 1.2 mm, it is expected to help realize a 
wireless-communications system with a very 
small form factor (see photo). At the same 
time, the antenna should cost almost two-
thirds less than a conventional CBS antenna. 

Together with other millimeter-wave 
building blocks, the antenna can support 
wireless data rates to 20 Gb/s. This is more 
than 200 times faster than IEEE 802.11n, 
which can support data rates of more than 
100 Mb/s. Much of the antenna’s perfor-
mance advantages can be traced to the use 
of a polymer filling instead of air. According 

to Dr. Hu Sanming, an IME researcher, this 
approach enables more than 70% antenna 
size shrinkage as well as high gain of 5.68 
dBi at 135 GHz. It can also be formed on a 
flat surface, making the antenna well suited 
for mass production.

The research team also created a three-
dimensional (3D) architecture to integrate 
the antenna with active circuits. Accord-
ing to Dr. Je Minkyu, Principal Investigator 
of IME’s Integrated Circuits and Systems 
Laboratory, the resulting millimeter-wave 
system-in-package (SiP) solution provides 
high performance, a reduced footprint, and 
low electromagnetic interference (EMI). The 
combination of the antenna technology and 
3D architecture may provide the needed 
form and function for mass production of 
millimeter-wave systems.

According to CTIA-The Wireless Asso-
ciation (www.ctia.org), the US government 
controls  409.5 MHz of spectrum for  com-
mercial wireless services—although not all 
of that bandwidth is at ideal frequencies. 
The frequency range best suited for high-
speed, commercial wireless-broadband 
services is between 400 MHz and 3 GHz. 
But wireless-network operators have ac-
cess to less than 16% of these critical 
airwaves. Nearly 85% of the spectrum 
needed to support consumer demand is 
occupied primarily by government agen-
cies and television broadcasters. 

To call attention to this problem, Mo-
bile Future (www.mobilefuture.org) has re-
leased an infographic, “Growing Demand 
for Wireless Spectrum.” It shows how 
booming consumer demand for mobile 
data contrasts with the small percentage 
of airwaves available to support that de-
mand in the future. To view the full info-
graphic, visit http://mftr.org/Rh1IFw.

Spectrum-Shortage  
Outlook Is Grim

Courtesy of Mobile Future (www.mobilefuture.org)

Eying emerging millimeter-wave 

market opportunities, research-

ers have produced a CBS 

antenna working at 135 GHz as 

well as a 3D architecture.

SEED-SIZED ANTENNA Paves Way 
For Millimeter-Wave Manufacturing

Rank Company Share (%)

1 Samsung 20.8%

2 Lenovo 11.0%

3 Coolpad 10.4%

4 Huawei 9.8%

5 Nokia 9.1%

6 ZTE 8.4%

7 Apple 7.5%

Others 22.9%

Total 100.0%

Source: IHS iSuppli Research,  
August 2012

Shown is the current supplier  

market share for smartphones  

in China (percentage share based 

on unit shipments). According  

to a recent study by IHS (www. 

ihs.com), Apple’s lack of a low- 

end smartphone model and  

failure to offer a product that 

complies with the domestic  

TD-SCDMA air standard are  

hindering its success.  

     

Defense Electronics is a print supplement published four times annually that provides the latest news, 
applications, and technology of interest to 56,000 design and development engineers and managers 
working for military, Homeland Security, and other government customers and their contractors. Our 
circulation is derived from subscribers of Microwaves & RF, Electronic Design and Power Electronics 
Technology who have identified themselves as working on solutions for defense and aerospace 
components, subsystems, software and test equipment.  Each issue is carefully written and edited 
to provide readers with the key facts and relevant information. Please see our editorial calendar on 
page seven for details on 2103 issue dates. For an even greater reach into this audience, ask about 
our NEW monthly Defense Electronics eNewsletter! The eNewsletter has a circulation of over 38,000 
readers, and deploys the third Thursday of every month, with 3 positions available.

A Supplement to Microwaves & RF • Electronic Design • Power Electronics Technology  MARCH/APRIL 2010
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MANAGING DIRECTOR, 
COPPER MOUNTAIN TECHNOLOGIES
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zhov wrote several stories (The Mistress 
of the Copper Mountain, The Malachite 
Casket, and The Stone Flower) about 
the mineral-rich mountains and their 
mysterious spirit. The mythical “mis-
tress,” who could change into a lizard, 
was a guiding force for the hard-working 
miners of the mountain. She protected 
them in exchange for their complete 
loyalty and respect for the land. The 
traditional values of loyalty and respect 
for our customers are the foundational 
elements of Copper Mountain Technolo-
gies’ corporate culture.
NF: How many employees do you have? 
And how many of those are engineers?
AG: Our vector-network-analyzer (VNA) 
development team counts 15 engineers. 
And there are over 70 highly qualified 
technicians in the VNA production line 
and quality control. Our Indianapolis 
facility conducts global business devel-
opment and sales activities. Customer 
support is also provided by two of our 
engineers in Indianapolis.
NF: What challenges have you had  
getting started as a company?
AG: The VNA market is dominated by 
several well-known and highly respected 
providers. Our biggest challenge is 
overcoming our customers’ brand loyalty 
to those manufacturers. However, at less 
than one-half the price, dimensions, and 
weight—accompanied by equal or better 
performance—our VNAs sell themselves 
once engineers get a chance to use them. 
We also have been fortunate to develop 
relationships with highly reputable and 
respected manufacturers’ reps in the 
microwave and RF industry. They have 
done an outstanding job introducing 
their customers to our solutions.
NF: You are incorporated in Indianapo-
lis. What made you choose Indiana over, 
say, Silicon Valley in California?
AG: Indianapolis has been my home for 
the past 22 years—many of which were 
spent working in international sales and 
business development at the Commtest 
Division of JDSU (formerly Wavetek/
WWG/Acterna). It offers a lot of advantag-
es. Indiana is rapidly gaining the reputa-
tion of being a viable alternative to the 
cutthroat coasts and their exorbitant cost 

of doing business. The rise of Indiana’s 
tech sector also has been nurtured by 
high-profile initial public offerings; sever-
al Indiana-based technology firms break-
ing into national “Best Of” and “Fastest 
Growing” lists; and the efforts of organiza-
tions like TechPoint, IEDC, Verge, and 
numerous university-outreach initiatives. 
Indianapolis offers a fast-growing high-
tech community, a world-class airport, 
and Lucas Oil Stadium—the location for 

the professional football championship, 
Super Bowl 2012. Go Colts!
NF: Copper Mountain offers a “virtual 
vector network analyzer.” Please define 
this virtual instrumentation.
AG: By the definition first introduced by 
National Instruments, a virtual instru-
ment is an instrument that consists of 
a hardware RF measurement module, 
the external processing module (a PC), 
and a software package that operates the 
measurement module and provides us-
ers with the user interface (UI).
NF: What advantages would you say 
a virtual VNA has over a traditional 
instrument?

AG: The biggest benefit of the virtual 
VNA is that users can take advantage of 
the processing power, bigger display, 
and more reliable performance of an 
external PC, while simplifying mainte-
nance of the analyzer. Virtual VNAs are 
flexible. They can be easily adapted to 
multiple users and are well-suited for 
lab, production, field, and secure testing 
environments. Not to mention that they 
are significantly less expensive!
NF: How do you expect this virtual 
instrumentation to change the test and 
measurement market, if at all?
AG: As previously discussed, the biggest 
benefits of the virtual format are much 
lower price point, smaller footprint, light 
weight, and operation from any external 
PC. All of these aspects will make our 
VNAs very attractive to both develop-
ment labs and production environments. 
For example, our small R54 reflectometer 
(patent currently pending) can be easily 
introduced to every workstation at any 
manufacturing facility that produces RF 
cables, antennas, connectors, etc.—no 
matter how limited those workstations 
are in terms of space. We hope that, by 
virtue of introducing the VNA en masse 
to production and quality control, RF 
and microwave equipment manufactur-
ers will be able to significantly improve 
their manufacturing processes. 
NF: What’s next for Copper Mountain 
Technologies in terms of product devel-
opment?
AG: Our short-term (next few months) 
plans include releasing a 2x8 4-GHz port 
extender for our current line of two-
port VNAs. In the December/January 
timeframe, we are planning on launch-
ing a four-port, 8-GHz model as well as 
a new series of small and lightweight 
analyzers, which will include 50-Ω, 
20-kHz-through-4.8-GHz and 75-Ω, 
20-kHz-through-3.0-GHz VNAs. Both the 
50- and 75-Ω analyzers in this series will 
be available in one-path (TR) and full 
two-path iterations. We are also plan-
ning to deliver revisions to our software. 
They will include additional features and 
functionality in addition to implement-
ing our customers’ recommendations on 
UI improvement in 2013. MWRF

NewsNews

with

Alex Goloschokin,

Inside 
Track  

NF: Copper Mountain Technologies is a fresh face in the 
microwave and RF test and measurement market. How long 
has the company been around?
AG: In its current structure, Copper Mountain Technolo-
gies has existed for one year. However, our development and 
production team just celebrated its 20th anniversary. Before 
rebranding and reorganizing in October of 2011, our 
company made telecom, RF, and microwave compo-
nents and test instrumentation for the European and 
Asian markets.
NF: The best-known Copper Mountain in this 
country is in Colorado. Why did you name the 
firm “Copper Mountain Technologies?” And who 
came up with the name?
AG: Yes, we’ve received inquiries about ski 
passes more than a few times! Unfortunately 
for those callers, our expertise is… ice hockey. 
Just kidding, it is actually in microwave and RF 
test equipment. Our company is named after a 
different Copper Mountain, which is located in 
the South Ural Mountain Ridge [in central Russia]. 
Chelyabinsk, home to our manufacturing facility, is 
located in this region. Our company’s name is a trib-
ute to the rich history of the region. It brings together 
old-world craftsmanship with modern technological 
advancements (created by highly talented engineers 
and researchers—many of whom are graduates of South 
Ural University, a well-known engineering school). 

The Mistress of the Copper Mountain is a 
well-known Russian sorceress from the tales 
of writer Pavel Bazhov. Drawing on the mining 
folklore of the South Ural Mountain region, Ba-

Interview by NANCY FRIEDRICH

“The biggest benefits of 
virtual VNAs are much lower 
price point, smaller footprint, 
light weight, and operation 
from any external PC.”

 
 
 
 
 

“The traditional values of 
loyalty and respect for 

our customers are 
the foundational 
elements of our 

corporate 
culture.”
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Online 
offerings

Online
Completely redesigned, our site serves the working design engineers with in-depth, tutorial features as well as 
up-to-date coverage of new technologies in the microwaves and RF marketplace.
Benefits
• �Excellent choice for both branding and for direct response
• �Great exposure throughout the Microwaves & RF website
ROS 728px x 90px: 	 $85 net CPM
ROS 300px x 250px: 	 $95 net CPM

Welcome Ads
Welcome ads are featured in the “can’t be missed” position PRIOR to the visitor’s first sight of the home page. 
Seen for a maximum of 10 seconds no matter what page of the website you enter in, they offer a unique 
platform to capture audience attention.
Benefits
• Full screen ads that intrigue the visitor and can’t be ignored
• 640px X 480px, high-impact ad 
RATE: 	 $2,500 net/week exclusive

MWRF eNewsletters
Microwaves & RF newsletters cover key application areas such as wireless infrastructure, industrial and 
satellite–but also investigate hot new technologies such as GaN, 4G and the latest in test & measurement.
Benefits
• �Prepared by the staff of Microwaves & RF
• �Includes a banner ad or a text box with an image 
• Microwaves & RF Update (monthly)
• Defense Electronics Update (monthly)
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Microwaves & RF’s newly redesigned website includes new features and 
functions to better serve its online readers. The site now offers improved 
navigation capabilities, allowing users to effortlessly browse through the 
website's newest technological categories, editorial from Contributed Technical 
Experts, increased social media networks and much more. In addition, the 
website now offers a company directory, which allows engineers access to 
information and articles about companies within the microwave & RF industry
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FREQUENTLY ASKED QUESTIONS

Sponsored by Intersil

A number of myths surround 
digital power. Like most myths, 
they have some basis in fact, 
but they typically don’t tell 
the whole (or even the real) 
story. The myths fall into three 
basic categories: performance, 
economic, and usage.

Give an example of a  
performance myth.

“Digital-power control-
lers are slower than analog 
controllers.” This negative 
myth lumps all digital power 
controllers together and all 
analog controllers together. 
In fact, some analog control-
lers are “slower” than other 
analog controllers, and some digital-
power controllers are slower than other 
digital-power controllers. Yet both types 
are constantly being improved. The real 
question is if they’re fast enough, and 
the answer is yes. 

For example, microprocessors repre-
sent some of the most challenging 
applications in terms of needing high-
speed power controllers. Even so, high-
speed digital controllers, which use both 
digital (linear) and analog (non-linear) 
control signal paths, are now being used 
in these applications and are displacing 
traditional analog solutions.

Also, with compensation, there are 
limited bandwidths relative to the switch-
ing frequency. So for a fixed switching 
frequency, as long as the controller can 
support the compensation bandwidth, 
speed buys you little or no performance 
advantage. For example, for voltage 
mode controllers, the loop bandwidth 
with traditional analog controllers is 
constrained to, typically, one-fifth to 
one-eighth of the switching frequency.

The figure compares the transient 
response for a best-in-class analog 

controller (current-mode hysteretic) and 
a digital controller. The same power 
trains and loads are used to achieve an 
apples-to-apples comparison. The digital 
controller is implemented in an FPGA. 
Better performance is expected with a 
dedicated state machine controller. 

Nonetheless, the total deviation for 
the digital controller is smaller than 
with the analog controller. The recovery 
time is shorter as well. Thus, the blanket 
statement that digital control is slower 
than analog control is a busted myth.

How about another  
performance myth?

“For high-speed response, digital 
power needs a high clock frequency.” 
This negative myth implies something 
is wrong with a high clock frequency.  
Furthermore, “high” is never defined.  
It’s true that digital power is a sampled 
system that needs a clock. But unless a 
high level of oversampling is done, high 
clock frequencies aren’t needed.  

What does high mean?  Many smart-
phone processors are clocked faster than 
1 GHz.  Is this fast?  Not really. Let’s say 

we want 16 bits of resolution 
for our pulse-width modulator 
(PWM) and we’re switching at 
1 MHz. This would imply that 
we need a clock that’s 216 × 
1 MHz or 65.5 GHz.  

There are many 16-bit digital 
power controllers around, but 
none have 65.5-GHz clocks.  
There are many digital tricks 
that aren’t possible in the 
analog domain to get the 
equivalent resolution but 
without high-speed clocks.  

For example, you can 
achieve several bits of resolu-
tion by simply dithering the 
PWM pulse by a single bit 
over a sequence of cycles. A 

tapped phase-locked loop (PLL) can be 
used in the clock circuit, and several 
bits of resolution can be achieved by 
simply selecting a different tap in the 
PLL. Very quickly, you don’t have to 
use a high-speed clock when you use 
these kinds of tricks.  Also, if you have 
to use a high-speed clock, use it in a 
small area of the chip to minimize the 
power used.  

How about an economic myth?
“Digital-power controllers are more 

expensive than analog controllers.” 
This pretty widespread myth discour-
ages digital power use, though it’s a bit 
like saying that an automobile is more 
expensive than a motorcycle. 

In reality, digital-power controllers 
(automobiles) provide more features 
and services than analog controllers 
(motorcycles). Also, some motorcycles 
(analog controllers) are more expensive 
than some automobiles (digital-power 
controllers). They need to be compared 
on an apples-to-apples basis including 
the cost of the relative features, time-to-
market savings, and warranty savings.  

Digital 
Power Myths

Don Tuite, Analog/Power Editor
Chris Young, Intersil
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Upper trace: load current
Middle trace: output voltage
Lower trace: switch node

a. b.

c. d.

There is a difference between analog transient responses (a, b) and digital 
transient responses (c, d). 
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Simple Amplifier Options Improve 
Dynamic Range In ADC Interfaces

Don Tuite
Analog/Power Editor

Michael Steffes
Intersil

In desIgnIng an input stage for an analog-to-digital converter 
(ADC), engineers choose a particular amplifier, assign a target gain, 
and note the transducer or sensor input impedance to be matched. 
The task then is to reduce the output noise and distortion without 
incurring a large cost and power consumption impact. 

The design process described here explains how to ac-couple 
the signal path by pairing a low-noise, wideband, voltage feedback 
amplifier (VFA) with an input transformer. When the signal frequen-
cies are well below loop gain crossover for the design chosen, this 
approach can provide much lower power consumption than an 
approach using standard RF gain blocks. 

Three circuits are discussed, but for the sake of space, only 
two are depicted as schematics. Hypothetical circuit 1 employs RF 
gain blocks between the signal source and the op amp. Circuit 2 
employs transformer coupling with the signal applied to the nonin-
verting input of the op amp. Circuit 3 uses transformer coupling and 
applies the signal to the op amp’s inverting input. 

Noise Figure And Spurious Free Dynamic Range
Matching source impedances to amplifier input impedances 

using resistors is a common design practice. But there are multiple 
ways of doing this that have different effects on performance, 
depending on the topology employed. 

Analysis of these effects requires an understanding of noise 
figure (NF) and spurious-free dynamic range (SFDR). NF indicates 
the sensitivity of a mixed-signal circuit. SFDR indicates the input 
amplitude range the circuit can handle.

The NF, expressed in dB, of any device is a measure of its effect 
on signal-to-noise ratio (SNR). That is, NF = 10 log(SNR

In
/SNR

Out
). 

Because there will always be a degradation in SNR going through a 
device, SNR and NF are always greater than 1. More precisely, NF 
is the ratio of the total output noise power of a device to the ampli-
fied noise power delivered to the input by some source impedance 
(usually 50 Ω). 

In an ADC signal chain, SFDR is an indicator of the signal chain’s 
ability to handle very large and very small input-signal amplitudes. 
In the frequency domain, SFDR relates to the circuit’s response to a 
single-frequency sinusoidal input. 

The characteristic is defined as the ratio of the RMS value of the 
carrier frequency at the input of the ADC to the RMS value of the 
next largest Fourier component of the output. This is usually the 
second or third harmonic-distortion (HD) term, but not always.  

SFDR results can be stated in dBc (dB relative to the carrier-
frequency amplitude) or in dBFS (relative to the ADC’s full-scale 
range). Depending on how the measurement is made, SFDR specs 
may be given in terms of a pre-defined frequency window or from 
dc up to the Nyquist frequency (half the ADC’s sampling rate).

Managing Noise Figure
Equation 1 defines NF in dB where everything is in powers (or 

voltage gains and voltage noise terms squared): 

(1)  = 10

There are several typical simplifications to this equation, but 
given the noise of source impedance of R

S
 (50 Ω will be used in 

these examples) delivered to an input having a total input referred 

2. A better alternative is to connect the input to the inverting input.
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1. Transformer coupling provides a way to match input impedance 
with a possibly improved noise figure. In this case, the input signal is 
transformer-coupled to the noninverting input of the op amp.
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Microwaves & RF offers a special sponsorship opportunity to be 
featured in Microwaves & RF ’s annual U.S. & European Frequency 
Allocation Wall Chart. This exciting opportunity raises your company’s 
profile as a leader in the wireless industry, reaching over 48,000 
engineers. The poster displays the various frequency ranges used by a 
multitude of wireless applications in both the US and Europe. 

From 30 MHz to 300 GHz, for example, the U.S. side of the poster 
details applications ranging from automatic vehicle identification to 
radio astronomy. Both sides of the wall chart also will be posted on the 
Microwaves & RF website in a downloadable format for a full year. In 
addition, each wall-chart sponsor will receive a bonus 100 copies of the 
wall chart for their usage. 

directory
Microwaves & RF publishes their annual Product Data Directory every 
December, and reaches 48,000 qualified subscribers in the engineering 
community. The Product Data Directory guides high-frequency 
engineers to the products they need.

This premier directory includes:
• Comprehensive listings of high frequency suppliers
• Complete product categories
• New reference directory for specifiers

The directory features product categories organized by function, such as 
low-noise amplifiers, and contains contact information for manufacturers 
of each product type. As an advertiser, you can reach these active 
specifiers in the Product Data Directory with your message all year long.
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Application 9 to 30000 kHz 30 to 300 MHz 300 to 3000 MHz 3 to 30 GHz 30 to 300 GHz
Medical implants 9–315 402-405

Wireless applications in healthcare 315–600, 12500–20000 30.0–37.5 401-402, 405-406

Radio microphones and assistive  
listening devices

29.7-47.0, 174-216 470-870,  1785-1800

Defense systems 14 -19.95, 20.05-70, 72-148.5, 1850-2160, 2194-2498, 2502-2850, 3155-3400, 3950-4000, 
4438-4650, 4850-4995, 5005-5480, 5730-5900, 6765-7000, 7450-8100, 8965-9400, 9900-

9995, 10100-11175, 11400-11600, 12100-12230, 13360-13570, 13870-14000, 14350-14990, 
15800-16360, 17410-17480, 18030-18068, 18168-18780, 19020-19680, 19800-19990, 20010-
21000, 21850-21924, 22855-23200, 23350-24890, 25010-25070, 25210-25550, 26175-28000

29.7-74.8, 75.2-87.5, 138-144, 230-
242.95, 243.05-300

300-328.6, 335.4-399.9, 790-890, 915-935, 1215-1400, 
1427-1452, 1492-1525, 1660.5-1670, 1675-1710, 2025-

2110, 2200-2290, 2900-3000

3.00-3.40, 4.40-5.00, 5.25-5.85, 7.25-8.40, 13.4-14.0, 
14.50-15.35, 15.7-17.7, 24.05-24.25, 26.5-27.5 

33.4-39.5, 43.5-45.5,  
59.0-64.0, 71-74, 81-84

Analog/digital land-mobile-radio  
professional mobile radio/public-access 

mobile radio (PMR/PAMR)

30.01-40.66, 40.7-74.8, 75.2-87.5,  
146-156, 157.45-160.60, 160.975-

161.475, 162.05-174.0 

385-390, 395-399.9, 406.1-430,  
440-470, 870-876, 915-921

Radio astronomy 25550-25670 37.5-38.25, 73-74.6, 150.05-153 322-328.6, 406.1-410, 608-614, 1300-1427, 1610.6-
1613.8, 1660-1670, 2200-2290, 2655-2700

4.80-5.03, 8.215-8.40, 10.6-10.7, 14.47-15.4,  
22-23.55, 23.6-24.0

31.0-31.8, 36-37, 42.5-43.5, 48.54-49.44, 
51.4-52.6, 58.2-59, 76-116, 123-158.5, 164-

167, 182-185, 200-217, 217-226, 226.0-
231.5, 235-238, 241-275

Industrial, scientific, and medical (ISM)  6765-7000, 13410-13570, 26175-27500 40.66-40.70 433.05-434.79, 2400-2500 5.725-5.925, 24.0-24.25 59.3-62.0

Non-specific short-range device (SRD) 6765-7000, 13410-13570, 26175-27500 40.66-40.70, 138.00-143.6 433.05-434.79, 862-870, 2400-2483.5 5.725-5.925, 24.0-24.25 59.3-62.0, 122.02-123.0, 241-248

Wind profiler radar 46–68 440-450, 470-608, 1270-1300

On-site paging 47.0-48.0 440-470

Space operation/space research 10003-10005, 19990-19995, 25005-25010 30.005-30.10, 48.5-50, 137-143.65, 
267-273

400.15-402, 410-420, 460-470, 1215-1300, 1400-1429, 
1525-1535, 1660.5-1668.4, 2025-2120, 2200-2300, 

2655-2700

3.1-3.3, 4.990-5.030, 5.25-5.57, 7.145-7.25,  
8.4-8.5, 8.55-8.65, 8.75-9.90, 10.6-10.7, 12.75-14.3, 

15.35-15.4, 16.6-17.1, 17.2-17.3, 21.2-21.4, 22-23, 23.6-
24.0, 25.5-27.0

31.3-32.3, 34.2-35.2, 35.5-38, 40-40.5, 
50.2-50.4, 52.6-59.3, 65-66, 74-84, 86-92, 

94-94.1, 100-102, 105-122.25, 148.5-151.5, 
155.5-158.5, 164-167, 174.8-191.8, 200-

209, 217-231.5, 235-238, 250-252 

Amateur Applications 1810-2000, 3500-3800, 7000-7200, 10100-10150, 14000-14350,  
18068-18168, 21000-21450, 24890-24990, 28000-29700

50-52, 144-146 430-440, 1240-1300, 2300-2450 3.4-3.5, 5.650-5.830, 10.0-10.5, 24.0-24.25 47-47.2, 75.5-84.0, 122.25-123.0, 134-141, 
241-250

Aeronautical radio navigation 74.8-75.2, 108-117.975 328.6-335.4, 960-1215, 1300-1350, 1559-1626.5,  
2700-3000

3.0-3.1, 4.2-4.4, 5.00-5.25, 5.35-5.46, 8.50-10.00, 13.25-
13.4, 15.4-15.7 

FM radio broadcasting 87.5-108.0

Wireless audio 87.5-108.0 863-865, 1795-1800

Mobile applications 137-144 1785-1800, 2290-2400, 2483.5-2500 3.4-3.6, 4.4-5.0

Low Earth-orbiting satellites 137-138, 148-150.05 400.15-401

Meteorology (includes satellites) 137-138 400.15-406, 460-470, 1668.4-1710 7.45-7.55, 7.75-7.85, 8.175-8.215 35.2-36

Mobile satellite 137-138, 148-150.05 399.9-400.05, 400.15-401, 406-406.1, 1518-1559, 1610-
1660.5, 1668-1675, 1980-2010, 2170-2200, 2483.5-2500

7.250-7.450, 7.9-8.025, 10.7-11.7,  
14.0-14.50, 19.7-21.2 

30-31, 39.5-40.5, 43.5-47, 50.4-51.4, 66-74, 81-
84, 123-130, 158.5-164, 191.8-200, 252-265 

Amateur satellite 14000-14250, 18068-18168, 21000-21450, 24890-24990, 28000-29700 144-146 434.79-438, 1260-1270, 2400-2450 5.650-5.725, 5.83-5.85, 10.45-10.50, 24.0-24.05 47-47.2, 75.5-84, 122.25-123.0,  
134-141, 241-250

Maritime 415-495, 505-526.5, 1606.5-1625, 1635- 1800, 1850-2160, 2170-2173.5, 2190.5-2498, 2625-
2650, 3155-3400, 3500-3800, 4000-4438, 6200-6525, 8100-8815, 12230-13200, 16360-

17410, 18780-18900, 19680-19800, 22000-22855, 25070-25210, 26100-26175

156–156.4875, 156.5375-156.7625, 
156.8375-157.45,  

160.6-160.975, 161.475-162.05

456-459, 460-470

Distress signals 2173.5-2190.5, 4207.5, 6312, 8414.5, 12577, 16804.5 156.4875-156.5625, 156.7625-156.8375 1544-1545

TV broadcasting 174-230 470-862

Terrestrial digital audio broadcasting (TDAB) 174-240 1452-1492

Public cellular networks, GSM  455-470, 880-915, 925-960, 1710-1785, 1805-1880

Services ancillary to programming/ 
broadcasting (SAP/SAB)

470-862, 2025-2110, 2200-2290,  
2300-2400, 2483.5-2500, 2520-2670

3.4-3.6, 10.00-10.68, 22-23.6, 24-24.5 47.2-50.2

Railway applications 4234, 4516, 11100 – 16000, 27095

Radar and navigation systems 960-1350, 2700-3000 3.0-3.1

Passive sensors (satellite) 1400-1427, 2690-2700 4.2-4.4, 4.8-4.99, 6.425-7.250, 10.6-10.7, 13.75-14.0, 
15.35-15.40, 18.6-18.8, 21.2-21.4, 22.21-22.5, 23.6-24

31.3-31.8, 36-37, 50.2-50.4, 52.6-59.3, 
86-92, 100-102, 116-122.25, 148.5-151.5, 
155.5-158.5, 164-167, 174.8-191.8, 226-

231.5, 235-238 

Satellite digital audio broadcasting (S-DAB) 1452-1492

Digital Enhanced Cordless Telephony (DECT) 1880-1900

International Mobile Telecommunications 
(IMT)

880-915, 925-960, 1710-1785, 1805-1880,  
1900-2025, 2110-2170, 2500-2690

3.4-3.6

Fixed links 1350-1400, 1427-1452, 1492-1530, 2025-2110, 2200-
2290, 2520-2670

5.925-8.50, 10.15-10.30, 10.45-10.68, 10.7-11.7,  
12.75-13.25, 14.5-15.35, 17.7-19.7, 22-22.6,  

23-23.6, 24.5-26.5, 27.5-29.5

31-31.3, 31.5-31.8, 37-39.5, 48.2-50.2, 
51.4-52.6, 55.78-59, 64-66, 71-76, 81-86

Radio-frequency identification (RFID) 865-868, 2446-2454

Wideband data transmission systems 2400-2483.5 5.15-5.35, 5.47-5.725, 17.10-17.30

Equipment for detecting movement and alert 2400-2483.5 9.2-10, 10.5-10.6, 13.4-14, 24.05-24.25 33.4-35.2

Fixed satellite 3.4-4.2, 4.5-4.8, 5.15-5.25, 5.725-7.075, 7.25-7.75,  
7.9-8.4, 10.7-11.7, 12.5-13.25, 13.75-14.8, 15.43-15.63, 

17.3-21.2, 27.5-30

30-31, 37.5-43.5, 47.2-50.2, 50.4-51.4,  
71-76, 81-86, 123-130, 158.5-164, 167-

174.5, 209-226, 232-240, 265-275 

Feeder links 5.15-5.25, 6.7-7.075, 17.3-18.4, 27.5-29.5 47.2-50.2

Active sensors (satellite) 432-438, 1215-1300 3.1-3.3, 5.25-5.57, 8.55-8.65, 9.5-9.8, 13.25-13.75, 
24.05-24.25

35.2-36, 94-94.1

Position fixing 5.25-5.725

Shipborne and VTS radar 5.25-5.725 

Weather radar 5.25-5.85, 9.3-9.5

Ultra wideband (UWB) 6-8.5

Satellite TV 11.7-12.5, 21.4-22

Very-small-aperture-terminal  
(VSAT)/satellite news gathering

12.50-12.75, 14.00-14.50

Multimedia wireless 40.5-43.5

Broadband mobile 40-40.5, 42.5-43.5, 62-63, 65-66

Automotive short-range radar (SRR) 76-81

Notes: This wallchart represents a partial listing of the data provided in the Draft revised ERC Report 25, The European Table of Frequency Allocations and Utilizations in the Frequency Range 9 kHz to 3000 GHz, published by the European Radiocommunications Committee (ERC) within the European Conference of Postal Telecommunications Administrations (CEPT). The 
frequency listings shown here reflect the ongoing efforts by CEPT to harmonize frequency assignments throughout Europe. For a complete listing, go to http://www.erodocdb.dk/Docs/doc98/official/pdf/ERCREP025.PDF.
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Selected U.S. Radio Frequency Allocations From

30 MHz To 300 GHz
2011

Application 30 to 300 MHz 300 to 3000 MHz 3 to 30 GHz 30 to 300 GHz
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Application 30 to 300 MHz 300 to 3000 MHz 3 to 30 GHz 30 to 300 GHz
218-to-219-MHz radio service 218-219

700-MHz guard bands 757-758, 775-776, 787-788, 805-806

3650-to-3700-MHz radio service 3.650-3.700

Access Broadband over Powerline (BPL)      30-80

Advanced wireless service(AWS) including 3G 1710-1755, 1915-1920, 1995-2000, 2020-2025, 2110-2155, 2175-2180

Amateur radio 50-54, 144-148, 219-220, 222-225 420-450, 902-928, 1240-1300, 2300-2310, 2390-2450 3.3-3.5, 5.65-5.925, 10-10.5, 24-24.25 47-47.2, 77-81, 122.25-123, 134-141, 241-250

Auditory assistance devices 72-73, 74.6-74.8, 75.2-76

Automatic vehicle identification systems 2900-3000 3.0-3.26, 3.267-3.332, 3.339-3.3458, 3.358-3.6

Auxiliary broadcasting 54-72, 76-108, 174-216 450-454, 455-456, 470-608, 614-698, 941-960,  
2025-2110, 2450-2483.5

6.425-6.525, 6.875-7.125, 12.7-13.25, 17.7-18.3, 19.3-19.7

Aviation/aeronautical 72-73, 74.8-75.2, 108-137, 156.2475-157.0375, 157.1875-157.45 328.6-335.4, 849-851, 894-896, 960-1215, 1240-1350, 1435-1525, 
1535-1660.5, 2310-2320, 2345-2395, 2700-2900

3.5-3.65, 4.2-4.4, 5.0-5.25, 5.35-5.46, 9.0-9.2, 13.25-13.4,  
15.4-15.7, 24.75-25.05

32.3-33.4

Basic exchange telephone radio service 152-159    454-460, 816-820, 861-865

Biomedical telemetry devices 174-216       470-668

Broadband radio service/educational broadband service 2495-2690

Cable TV relay     2025-2110 6.425-6.525, 6.875-7.125, 12.7-13.25, 17.7-18.3, 19.3-19.7

Cellular services       824-849, 869-894

Dedicated short-range communications service 5.850-5.925

Digital audio broadcasting 1452-1492, 2310-2360

Differential GPS  108-117.975 1559-1610

Family radio service 462.5625-467.7125

Field disturbance sensors 902-928, 2435-2465 5.785-5.815, 10.50-10.55, 24.075-24.175 57-64

Fixed microwave   928-929, 932-935, 941-960, 1850-2000, 2110-2180, 2450-2483.5 3.7-4.2, 5.925-6.875, 10.55-10.68, 10.7-11.7, 12.2-13.25, 17.7-18.3, 
19.3-19.7, 21.2-23.6, 24.25-24.45, 25.05-25.25, 27.5-29.5

31-31.3, 38.6-40, 71-76, 81-86, 92-94, 94.1-95 

Fixed satellite  1390-1392, 1430-1432 3.6-4.2, 4.5-4.8, 5.15-5.25, 5.85-7.075, 7.25-7.75, 7.9-8.4,  
10.7-12.2, 12.7-13.25, 13.75-14.5, 15.43-15.63, 17.3-21.2,  

24.75-25.25, 27.5-30  

30-31, 37.5-42, 42.5-45.5, 47.2-50.2, 50.4-51.4, 71-76, 81-86,  
123-130, 158.5-164, 167-174.5, 209-226, 232-240, 265-275  

FM broadcasting  88-108

General Aviation Air-Ground Service 454.675-454.975, 459.675-459.975

General mobile radio service    462-467

Industrial/business radio pool 25-50, 72-76, 150-174, 216-220 406-413, 421-430, 450-470, 470-512, 800, 900

Industrial, scientific, and medical (ISM)      40-42 902-928, 2400-2500 5.65-5.925, 24.0-24.25 59.3-64, 116-123, 241-248

Location and monitoring service     902-928

Low-power radio service 216.75-217     

Lower 700-MHz services  698-746

Maritime 154-161.625, 161.775-162.0375, 216-220 406 – 406.1, 454-455, 456-460, 467.7375 – 470, 1525-1559, 
1626.5-1660, 2900-3000

3.0-3.1, 5.46-5.65, 9.2-9.5

Millimeter-wave 70/80/90-GHz service 71-76, 81-86, 92-94, 94.1-95

Mobile satellite 137-138, 148-150.05 399.9-400.05, 400.15-401, 406-406.1, 1525-1559, 1610-1660.5, 
2000-2020, 2180-2200, 2483.5-2500 

7.25-7.75, 7.9-8.4, 14-14.5, 19.7-21.2, 29.5-30 30-31, 39.5-41, 43.5-47, 50.4-51.4, 66-74, 81-84, 123-130,  
158.5-164, 191.8-200, 252-265

Multiple address systems 928-960

Multi-use radio service 151.82, 151.88, 151.94, 154.57, 154.60

Offshore radio telephone service 476-478, 479-481, 482-484, 485-487, 488-490, 491-493

Paging 35-36, 43-44, 152-159   454-460, 929, 931

PCS broadband 1850-1990 

PCS narrowband 901-902, 930-931, 940-941

PCS unlicensed 1920-1930

Petroleum radio service 36.25, 41.71, 150.980, 154.585, 158.445, 159.480 454, 459

Private and public land mobile 30.56-32, 33-34, 35-36, 37-37.5, 39-46.6, 47-49.6, 72-73, 74.6-74.8, 
75.2-76, 150.8-156.2475, 157.45-161.575, 161.625- 161.9625, 

162.0375 – 173.4, 216-222

406.1-455, 456-462.5375, 462.7375-467.5375, 467.7375-512,  
763-775, 793-805, 806-901, 902-930, 931-940, 941-960, 1427-

1432, 2110-2180, 2450-2483.5, 2900-3000

3.1-3.7, 4.94-4.99, 5.25-5.65, 5.85-5.925, 8.5-5.925, 8.5 - 9.8,  
10.0-10.55, 13.4-14.0, 15.7-17.3, 24.05-24.25

33.4-36

Public-safety services 764-776, 794-806

Radio astronomy 37.5-38.25, 73-74.6 406.1-410, 608-614, 1400-1427, 1610.6-1613.8,  
1660-1670, 2655-2700

4.99-5.0, 10.68-10.7, 15.35-15.4, 22.21-22.5, 23.6-24.0 31.3-31.8, 42.5-43.5, 76-116, 123-158.5, 164-167, 182 – 185,  
200-231.5, 241-275

Radio-control radio service 72-73, 75.4-76

Space operation and space research    137-138 400.15-402, 410-420, 1215-1300, 1400-1427, 1660.5-1668.4, 1755-
1850, 2025-2110, 2200-2300, 2655-2700

3.1-3.3, 4.99-5.0, 5.25-5.57, 7.145-7.235, 8.4-8.5, 8.55-8.65, 9.5-
9.8, 10.6-10.7, 13.25-14.2, 14.5-15.4, 16.6-17.1, 17.2-17.3, 18.6-

18.8, 21.2-21.4, 22.21-22.5, 23.6-24.0, 25.5-27

31.3-32.3, 34.2-34.7, 35.5-38, 40.0-40.5, 50.2-50.4,  
52.6-59.3, 65-66, 74-84, 86-92, 94-94.1, 100-102,  

105-122.25, 148.5-151.5, 155.5-158.5, 164-167, 174.8-191.8,  
200-209, 217-231.5, 235-238, 250-252

Specialized mobile-radio service 809-816, 816-824, 861-869, 896-901, 935-940

Standard frequency and time signal satellite  400.05-400.15 13.4-14.0, 20.2-21.2, 25.25-27 30-31.3

Television (digital after June 12, 2009) 54-72, 76-88, 174-216 470-608, 614-698, 2025-2110

Ultra wideband (UWB) 3.1-10.6

Unlicensed national-information-infrastructure (U-NII) devices 5.15-5.35, 5.47-5.825

Vehicle radar systems 16.2-17.7, 23.12-29 46.7-46.9, 76-77

Weather instruments/radar/satellites 137-138 400.15-406, 460-470, 1668.4-1710, 2700-3000 5.6-5.65, 7.75-7.85, 8.175-8.215, 9.3-9.5, 9.975-10.025   34.4-34.5

Wireless communications service 2305-2320, 2345-2360

Wireless medical telemetry 608-614, 1395-1400, 1427-1432

Wireless microphones 54-72, 76-88, 169.445, 169.505, 170.245, 170.305, 171.045, 
171.105, 171.845, 171.905, 174-216

470-608, 614-698

References: 
1. FCC’s Online table of Frequency Allocations, 47 C.F.R., 2.106, revised on May 6, 2011. See the latest version of this table at the FCC Radio Spectrum Home Page, www.fcc.gov/oet/spectrum/.
2. FCC Wireless Telecommunications Bureau, Wireless Services. See http://wireless.fcc.gov/ and select “All Services.”
3. FCC 47 CFR, Part 15 Updated July 10, 2008. See the latest version of this document on FCC’s Rules & Regulations Page www.fcc.gov/oet/info/rules/.
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