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Ultra-wideband as a short-range, ultra-high-
speed wireless communications technology

Ultra-wideband technologies have been proposed to provide ultra-high speed
data rates for short-range communications. In the United States, the systems
have been approved for use in the frequency band 3.1 GHz to 10.6 GHz.

It supports bit rate greater than 100 Mbps within a 10-meter radius. UWB
communications coexist with other wireless networking standards such

as 802.11 LAN, 802.16 MAN and WAN.

By Ibrahim Haroun, T. Kenny and R. Hafez

Itra-wideband (UWB) technology is considered a wireless air Since the capacity [5] of a communications channel in a non-fading
interface for high-speed data transmission, such as the |IE&&vironmentis expressed as:

802.15.3a standard. Recently, UWB communications havg .receiv d B-log (1+S/N) @)

great interest from the research and industry communities. The 2

reason for the increasing interest is because of its potential to offéere ) )

high data rates, low-power transmission, robustness for multip&tir channel capacity (bit/s)

fading, and low power dissipation [1-3]. UWB is defined as any sighf@F channel bandwidth ‘BW’ (Hz)

whose fractional bandwidth is equal to or greater than 20%= signal power (watts)

of the center frequency [4], or that occupies bandwidth equal Ng= noise power (watts) _ .
or greater than 500 MHz. The fractional bandwidfB) is  According to Equation 2, the capacity can be increased by
expressed as: either increasind or S/N It is obvious that the capacity can be

) increased more by increasig) rather thanS/N (see Figure 1).
_2Uu— 1) Therefore, one might argue that UWB technology has the highest
(fu+ 1) 1) data rate capability of all the present wireless technologies.
One way of generating UWB signals is to transmit short duration
ses [6-7] called Gaussian monopulses, which are generatec
aseband and transmitted without a carrier. The Gaussian functiol

wherefs andfL are the upper and lower bounds that are at 10 dB
below the highest radiated emission. The Federal Communicati@i
Commission (FCC) approved the use of 7500 MHz of spectnﬁh
for UWB devices for communications applications in the 3.1 GH
to 10.6 GHz frequency band. Because of the low power transn
sions, UWB communications are best suited for short-range com
nications, including sensor networks, and wireless personal-a
networks (WPANS).
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Figure 1. Capacity as a function of bandwidth or SNR. Figure 2. Time and frequency domains of a UWB pulse waveform.
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Figure 3. FCC spectral masks for indoor and outdoor applications.

of a UWB monopulse in time domain can be expressed as:
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the UWB signal. For example, if the pulse width is 320 ps, the
pulse would have a center frequency of 3.12 GHz. For a shorter
pulse such as 95 ps, the center frequency is 10.6 GHz. Low powe
transmission is a key characteristic that could allow UWB technology

3) to coexist with other wireless technologies. Figure 3 shows the
typical FCC power spectral density masks for indoor and outdoor

technology.

where 7 is the time-decay constant that determines the duratiohVB communication systems.

of the monopulse. Applying Fourier transform to Equation 3, the From Figure 3, the emissions limit is equivalent to a transmission
frequency domain of the Gaussian pulse can be determined. Figulev2l of 75 nW/MHz between the 3.1 GHz to 10.6 GHz band. Figure
shows the time and frequency domains for a monopulse of duratfbbshows different wireless technologies that coexist with the UWB

The width of the monopulse determines the center frequency ofThe impact of UWB interference depends on many factors,
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1 detect movements of people or objects located behind walls.

I ¥ | m Medical systems operate in the 3.1 GHz to 10.6 GHz
[RESTO— A [ L frequency band. They are used for health applications and research
= & ¥ H i S Fr m Surveillance systems operate in the 1.9 GHz to 10.6 GHz
e ! 1 'I; | . frequency band.

m Vehicular radar systems operate in the 22 GHz to 29 GHz
P 1 frequency band. They are used for near collision avoidance.
m Communications and measurement systems operate in the
3.1 GHz to 10.6 GHz frequency band.
Different system design approaches are implemented to
/,)' d use the 7500 MHz band that is allocated for UWB spectrum.
These approaches include single-band UWB (uses the entire
Tu Ax 7 7500 MHz), and multiband UWB, which divides the 7500 MHz
into 15 sub-bands (500 MHz each). In a multiband system,
L S ! the estimated noise power (kTB) is -87 dBm, whkrés the
L "'5‘- Acoess Poinl Boltzman’s constant 1.38 1023 J/K, T is 290 degree Kelvin, and
B is the bandwidth of 500 MHz. In a single-band system, the
Figure 5. Test setup to estimate the impact of UWB interference. thermal noise is -75 dBm. The thermal noise of a single-band
including the distance between the UWB sources and the receiaystem is 12 dB higher than the multiband system. Such an
of other wireless systems, modulation technique, the chaniredrease in the thermal noise degrades the coverage range an
propagation losses, the pulse repetition frequency of the UWB sigmelquires higher transmission power. Other advantages of
and the antenna gains of both the UWB transmitter and tmailtiband systems are they allow for adaptive selection of
other wireless system’s receiver. The effect of UWB interferené®quency bands to mitigate the interference from other wireless
on other wireless technology such as WLAN 802.11a could texhnologies that are allocated in the same band. Also, the informa
studied using a test setup as shown in Figure 5. tion can be processed over much smaller bandwidth, which
The test setup in Figure 5 enables the measurementreduces the complexity of the design. However, some design
the throughput of the WLAN link as a function of thechallenges for UWB systems include the extreme antenna
carrier-to-interferenceC/l, where the interfering signal is thebandwidth requirements, which can be difficult to achieve. The
UWB signal. modulation techniques that are used in UWB systems include pulse
position modulation (PPM), binary phase

The three types of UWB systems are: imaging s keying (8PSK), pulse amplitude

modulation (PAM), on-off keying

systems that include ground penetration radars {72 =ié 2ihodsis) eauency:

(GPR), wall and through-wall imaging, medical  .nciusion
imaging, and surveillance systems; VERICUIAr ey tor shorrance atreioh.

radar systems; and communications Fhte.greater than 100 Mope within 2
10-meter radius for wireless personal area
and measurements SyStemS. communications. The advantages of

UWB include low-power transmission,

UWB systems could also suffer from interference from otheobustness for multipath fading and low power dissipation. The low
wireless technologies that exist in the vicinity of operation, bpbwer transmission of the UWB is the key characteristic that might
this problem can be mitigated by using adaptive selection afow it to coexist with other wireless technologies. However, there
frequency bands in multiband UWB systems. are still challenges to surmount before this technology performs up to

its full potential RFD
UWB wireless systems

The main types of UWB systems are: imaging systemfscknowledgment
thatinclude ground penetration radars (GPR), wall and through-The authors would like to thank Mr. Luc Boucher and Dr. Art
wall imaging, medical imaging, and surveillance systemg&hubukjian of the Communications Research Center Canada (CRC
vehicular radar systems; and communications and measuremémsseful discussions.
systems. These systems operate in the following frequency
bands:

m GPR systems operate below 960 MHz or in the 3.1 GHReferences
to 10.6 GHz frequency band. They are used by rescuel. K. Siwiak, P. Withington, S. PhelarlJltra-wide band radio:
organizations, law enforcement, mining companies and constructtba emergence of an important new technglogghicular Technol-
companies. ogy Conference, 2001, Vol. 2, spring 2001, pp.1169-1172.

m Wall imaging systems operate below 960 MHz or in the 2. M. Win and R. Scholtz, Ihpulse Radio: How it WorKs,
3.1GHz to 10.6 GHz frequency band. They are used to detH€EE Comm. Letters, Vol. 2, Issue 2, February 1998, pp.36-38.
the location of objects through a wall. 3. M. Welborn, ‘System Considerations for Ultra-Wideband

m Through-wall-imaging operate below 960 MHz or inWireless Network% Proc. Of RAWCON 2001, pp. 5-8, August
the 1.9 GHz to 10.6 GHz frequency band. They are used 2001.

26

www.rfdesign.com August 2004



John Wiley & Sons Inc., New York, 1991.

4. FCC First Report and Order “FCC 02-48, ETDoc 98-15PRulse Repetition RatelEEE Microwave and Wireless Components

April 22, 2002, Appendix D, Section 15.503(d).” Letters, Vol. 11, No. 5, May 2001.

5. T. M. Cover, J. A. ThomasEtements of Information Thedry 7. X. Chen and S. Kiaei,Monocycle Shapes for Ultra-

Wideband SystenisProceedings of the 2002 IEEE International

6. J. S. Lee and C. Nguyer6vel Low-Cost Ultra-Wideband, Symposium on Circuits and Systems (ISCAS 2002), Vol. 1, pp.

Ultra-Short-Pulse Transmitter with MESFET Impulse4579-1600, 2002.
Shaping Circuitry for Reduced Distortion and Improved

ABOUT THE AUTHORS

Ibrahim Haroun is a senior wireless systems research engineer at the Communications Research Centre (CRC), Ottawa, Ca
where he is involved in design and development of broadband wireless systems. Prior to CRC, Haroun worked as RF desan manag
Nortel Networks. He was also a part-time lecturer of telecommunications systems at Algonquin College. Haroun can be reachec

ibrahim.haroun@crc.ca.

Terrence P. Kenmgceived a diploma of Electronics Engineering Technology from DeVry Institute of Technology, Toronto, Canada

in 1982, and the B. Eng. and M. Eng. degrees in Electricial Engineering from Carleton University, Ottawa, Ontario, Ca®hdadh 19

1994. In 1990, he joined the VLST in Communications Group, Telecommunications Research Institute of Ontario (TRIO), where |
was involved in the design and testing of delta-sigma-modulated fractional-N frequency synthesizers. In 1994, he becamefa membe

the RF design team at BNR/Nortel, where he worked as a senior design member on TDMA, CDMA and wideband tra
systems. In 1997, he joined Cadence Design Systems, Ottawa, as a principal design engineer and worked on the
MCNS (DOCSIS) compatible cable modems. In 1999, Kenny joined Catena Networks/Ciena, Ottawa, where he works as a
engineer.

nsceiv
desig
princi

Roshdy H. M. Hafez obtained his Ph.D. in ElectricalEngineering from Carleton University, Ottawa, Canada. He joined th

department of Systems Computer Engineering, Carleton University as an assistant professor, and is now a full profefesonasr.
many years of experience in mobile communications and spectrum engineering. He has taught and lectured extensivelandwi

Ha
eless

related areas. His current research focuses on CDMA and OFDM-based wireless systems in the context of 3G/4G persomal w(reless

wireless over fiber local access networks.

28

www.rfdesign.com August 2004



