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 The radio frequency inte-
grated circuit (RFIC) engi-
neer has the opportunity 

to expand its horizons in many 
directions as this special issue on 
RFICs highlights. Following the 
rapid growth of wireless commu-
nications since the 1990s, RFICs 
have long been used for applica-
tions in traditional wireless com-
munications such as the cellular 
phones and the wireless local area 
network (LAN). Over the years, 
the advances in CMOS RFIC tech-
nologies brought us smaller and 
smarter cellular phones integrat-
ing WiFi, Bluetooth, global posi-
tioning system (GPS), and many 
other features. The constantly 
evolving RFIC technologies are 
now spreading into other applications 
beyond traditional wireless commu-
nications. For example, health care, 

 security  surveillance, and environ-
mental monitoring are all new appli-
cations for RFICs. Companies making 
medical devices, wireless surveillance 
devices, and infrastructure sensors, 
e.g., monitoring bridges, are all trying 
to utilize the advanced RFIC technolo-
gies to improve their products. Many 
of these new applications use sensors 
and transmit sensor data wirelessly. 
As the sensor device and the RFIC 
device can both be made very small 
and integrated together, eventually 
we will have a very large number of 

small wireless sensors and wire-
less sensor networks consisting of 
numerous sensor nodes. For these 
applications, power consumption 
and bandwidth utilization are the 
key issues. Another emerging area 
that is leveraging the advances in 
CMOS RFICs is in the millimeter-
wave space, among them automo-
tive radars and security monitor-
ing. As we pierce the 100 GHz 
mark, several other applications 
in the THz and optical regime are 
bound to emerge and take advan-
tage of the cost and performance 
benefi ts of CMOS scaling. For all 
of us working in the fi eld, stay 
tuned for more innovations to 
come in the near future. 

This special issue of IEEE 
Microwave Magazine will accentuate 
on this particular area of RFICs, where 
the technical problems to be resolved 
are well in the realm of the classic 
microwave engineer—transmission 
lines, distributed effects, and scatter-
ing parameters. However, the con-
tribution by Kenneth H.K. Yau, Eric 
Dacquay, Ioannis Sarkas, and Sorin P. 
Voinigescu titled “Device and IC Char-
acterization Above 100 GHz” does 
not focus on applications but rather 
gives an in-depth description of the 
techniques required to answer to the 

Expanding RFIC Horizons
■ Luciano Boglione, Jenshan Lin, and Waleed Khalil

Luciano Boglione (l.boglione@ieee.org) is 
with NRL in Washington D.C., Jenshan Lin 

(jenshan@ieee.org) is with the University 
of Florida, Gainesville, and Waleed Khalil 

(khalil@ece.osu.edu) is an assistant professor 
in the Department of Electrical and Computer 

Engineering, the ElectroScience Lab, Ohio State 
University, Columbus, Ohio.

 Digital Object Identifier 10.1109/MMM.2011.2173858 
 Date of publication: 13 January 2012

©DIGITAL VISION, iSWOOP



12  January/February 2012

obvious question, “How are these 
silicon devices characterized above 
100 GHz?”

The answer is not trivial. It relies on 
techniques that may have been devel-
oped years ago in the context of com-
pound semiconductor devices but that 
need a brand new interpretation in 
order to apply them to the lossy silicon 
environment. Furthermore, high fre -
quency means small dimensions and 
small dimensions mean higher uncer-
tainties related to measurement. To 
quote the authors, “. . . the measure-
ment uncertainty due to variations in 
the distance traveled by the probe on 
the pad will be too large to extract [the 
transit time].” Doesn’t that sound obvi-
ous yet a little worrisome?

The article will walk the reader 
through a broad yet precise overview 
of the issues related to the character-
ization of silicon devices for applica-
tion above 100 GHz. The reader will 
have a sense of how far researchers are 
going in order to exploit the  economical 

advantages and technical potentials 
demonstrated by silicon devices in 
countless applications. The reader 
will also have a sense of the trade-offs 
brought by the slightly different tech-
nological environments associated 
with digital CMOS,  analog (RF) CMOS, 
and SiGe  heterojunction bipolar
 transistors (HBTs) and 
the consequences asso-
ciated with the develop-
ment of models able 
to support a successful 
circuit design above 
100 GHz. Even if it looks 
like silicon, don’t forget, 
this is microwave engi-
neering!

The article “Efficient 
Use of the Spectrum” 
by Masaki Kitsunezuka, 
Kazuaki Kunihiro, and 
Muneo Fukaishi from NEC Corporation 
addresses the challenges of low-power 
consumption and wide bandwidth of 
operation faced by RFIC designers. It 
starts with an introduction of cogni-
tive radio (CR) as a way to intelligently 
utilize the radio spectrum and avoid 
interference by using spectrum sens-
ing. When used for wireless sensor net-
works, it would greatly improve energy 
efficiency and prolong the battery time 
for each sensor node. The article then 
discusses the design issues of RFIC 
receiver building blocks in a low-power 
wireless sensor node. These include the 
low-noise amplifier, the down-conver-
sion mixer, the wideband frequency 
synthesizer, and the spectrum sensing 
circuit. The article gives an example 
of a low-power wideband CMOS CR 
receiver covering a very wide band-
width from 30 MHz to 2.4 GHz. The 
receiver is capable of  spectrum sensing 
based on energy detection. Its receiver 
architecture is described, and the mea-
surement results are presented. This 
re  ceiver chip serves as a good example 
of low-power RFIC for wireless sensor 
applications. The charming concept of 
an all-digital radio started to emerge 
as a viable solution to address these 
goals and to benefit from the continued 
down-scaling in CMOS technology. 
Undeniably, the idea of trading off ana-
log and RF accuracy with complex yet 

inexpensive digital signal processing is 
very tempting to say the least. Not sur-
prisingly, a global research effort was 
devoted to radio digitization, making 
successful inroads into formidable RF 
circuits. This raises the question as to 
whether a fully digital implementation 
of radios is technically feasible. After 

all, one can argue that 
radios today, while 
analog in nature, are 
already enriched with 
digital content. 

Another article, 
“Ultimate Transmis-
sion” by Sidharth 
Balasubramanian, Slim 
Boumaiza, Hassan Sar-
bishaei, Tony Quach, 
Pompei Orlando, 
John Volakis, Greg 
Creech, James Wilson, 

and Waleed Khalil takes a deep dive into 
the world of digital radio transmitters for 
software defined radios (SDRs) and CRs. 
It starts with the challenges in building a 
multiband, multimode transmitter to ad-
dress new and existing radio standards 
spread across gigahertz of spectrum. It 
covers topics of great interest in the con-
text of new emerging architectures for 
SDRs and CRs, including radio-frequency 
(RF) digital-to-analog converters (DACs), 
power DACs, and power mixers. A dis-
section into these architectures reveals the 
general trend in exploiting parallelism as 
well as pushing the digital boundary as 
close to the antenna as possible. The article 
then explores one of the hotly debated top-
ics among power amplifier (PA) design-
ers, as to whether PAs can become fully 
 digitized. 

The never-ending quest for faster 
data rates and, consequen  tly, broader 
bandwidths has also spurred interest 
in higher frequencies. Only a hand-
ful of years ago the 60 GHz range was 
the edge of the envelope that many 
researchers were exploring. Today, com-
mercial applications that exploit the 
unregulated 60 GHz band are becoming 
available to the general public. Now, 
higher frequencies are becoming a real-
ity for silicon technologies that can push 
the transition frequency fT of a device to 
300–400 GHz and even beyond.
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