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Abstract— A low-power tunable transmitter for ultra-wide

band (UWB) radio was designed and fabricated. The design is
based on a ring oscillator VCO, to produce short pulses. Both Signal | %_{

: . gnal Input Buffer Pulse
the pulse duration and frequency is controllable by two volage o (Modulator B) Shaping
biases. The transmitter can be used in both pulse-amplitude
modulation (PAM) and pulse-position modulation (PPM). The
circuit was fabricated on a 0.5um silicon-on-sapphire CMOS Control Signal )
process, and has been experimentally characterized with a °_ (_If'zlljslcgt::e?avtvosr
transmitter and receiver module. The UWB transmitter produces
monocycle pulses of 800ps duration. The power consumption
is 75/W when the pulse frequency is 3MHz. The core pulse _ (a)
generator occupies 0.009hm? of silicon area. C2=30pF

Index Terms—Ultra-wide band radio (UWB), pulse generator, 'nput—| Output

pulse modulation, UWB transmitter

R1=500hm Output

RF Detector

In recent years, there has been a growing need for low- (b) ©)
power, low-complexity short range wireless communication
devices [1]. Battery-powered systems such as WirelessoBernsg. 1. Block diagram of the UWB transmission system. (a) Taasmitter

Networks (WSN) Body Area Networks (BAN) and biologicais composed of a pulse generator, a buffer, a pulse shapingitcand an
' ' antenna. Both pulse generator and buffer can be used as mpoldelators.

applications, es_pecially_ implantable biosensors [2]*um‘q (b) Schematic of a pulse shaping circuit. (c) The receiversigis of antenna
wireless transmitters with reduced energy consumptioss(leand a RF detector.

than 1mWw).

UWSB radios have the potential to satisfy these requirements _ ) ) N _
Ultra-Wideband (UWB) radio is a kind of wireless transYhe transmitter was fab_rlcated in a Pré silicon-on-sapphire
mission whose output occupies a wide frequency Spectruwos process. It consists a tunable pulse generator, oecupy
A radio system is considered to be of UWB kind wheif'd 0-0091nm? chip area and offers power consumptions of
its fractional bandwidth is greater than 0.25 or occupies @SS than ImW. This device is ideally suited to local persona
spectrum of 0.5GHz or more [3]. A UWB transmitter iscOmmunication system. We also mstrumentgd a test pla_ltfor.m
based on the modulation of pulses and does not use a carff@rUWB transmission system based on our integrated circuit
It can be designed with high-data rate low-complexity and This paper is organized as follows. Section Il describes
provide low-power consumption [4]. For this reason, UWB ithe the pulse generator circuit and the architecture of the
used in indoor communications, personal communicatiops [ffansmitter. Section Il presents the test result from thie- f
wireless sensor networks [5] and body area networks [6] [#]cated integrated circuit, followed by Section 1V, debang

Though UWB transmitters are known as |OW_COmmexit?xperimental results of wireless transmission. Finalggt®n
and low-power circuits, in previous design, the oscillato¥ Summarizes the paper.
pulse generator and modulator is separated [4]. In [8] (with
0.13um process) a transmitter consumes 380 energy but
occupies 0.48vm? chip area, and a pulse generator in [9] The functional block diagram of the transmission system is
(with 0.18:m process) has 0.0%8n? area with 18.33mW shown in Fig. 1. The transmitter consists of a pulse gengrato
power consumption. Our design provides a low-power highn amplitude modulator (buffer), a pulse shaping circud an
data rate transmitter with small silicon area. The osafat an antenna. In this prototype, the pulse generator is iatedr
pulse generator and modulator are merged in a compacttgircan-chip. The receiver includes a commercial RF detector and
which can be easily adapted as a short-range wireless modaleantenna. The pulses from the pulse generator are modiulate

I. INTRODUCTION L

Il. SYSTEM OVERVIEW
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Fig. 2. Schematic of on-chip UWB pulse generator. It corstanoltage Or
controlled ring oscillator (VCRO) and an output buffer. The MOSFETS in the
VCRO are in the minimum size, the number of stages and transigerirs
the buffer is designed to fit the load and power budget, 4 stageur design. ‘0-20 5 10 15 20

Time (ns)

. . jg. 3. Output pulses generated by our UWB transmitter. Heseshow
and transmitted to the RF detector WIreIeSSly through t ee pulses with amplitude of 0.7V. The duration of eachs@us 800ps.

antennas. Veontror Was set to 1.5V and the pulse frequency) (5 168MHz.

1) Pulse Generator: The pulse generator is the fundamental
block of a UWB transmitter. The schematic of our pulse
generator is shown in Fig. 2. It consists of 2 components:
a voltage control ring oscillator (VCRO) and an output buffer.  Our prototype was fabricated on the Peregrine Semicon-
The VCRO is implemented with a 3-stage inverter-based ringuctor 0.5 micron silicon on sapphire (SOS) CMOS process.
oscillator. The output buffer is implemented with 4 investeo We choose the SOS technology for its speed and low power
buffer theVCRO output. The pulse frequency can be controlle@peration and its isolating substrate. This substratesffever
by VCCA and V..niroi. VCCA controls the frequency by parasitic capacitance than bulk CMOS circuit [12]. The Itota
changing the supply voltage of the oscillaté*1 and M/1 area of the integrated circuit without pads is.7@ x 130um
implement a variable delay that can change the oscillati@md 42Qum x 420um with pads. The power supply is 3.3V
frequency by means o¥..,;..;. The drain current ofp/1 or 1.5V.
chargesC1, the charging and discharging time affect the We tested the integrated UWB pulse generator with a
oscillator frequencyVCCB can be used as a pulse outpufektronic CSA 8000B Communication Signal Analyzer. The
enable signal, as well as a bias to control the pulse amplitusieasured waveform is illustrated in Fig. 3, where 3 pulses
and transmitted power. The number of the stages and sizeatg shown. Without pulse shaping circuit, the on-chip pulse
each device in output buffer is designed to drive the pulggnerator generates pulses of 800ps duration (at 50% to 50%
shaping circuit of Fig 1(b) and the antenna or a load ¢f the amplitude). The pulse amplitude is 0.7V. The freqyenc
50Q. Output buffer dominates the power consumption of thef the pulses (f) can be controlled bYCCA or Veoniror. The
integrated UWB pulse generator. individual pulse shape does not vary from Fig. 3, which is

_ _ ) i guaranteed by pulse shaping circuit.

2) Transm|_tter Architecture: The transmltter is c_omposed We measured the frequency and power consumption of the
of the on-chip pulse generator, a pulse shaping circuit and & 1se generator in both 3.3V and 1.5V power supply, the
antenna. As shown in Fig. 1(b), the RC high-pass filter Worlfﬁsults are shown in Fig. 4 and Fig. 5. In 3.3V power supply,

as a pulse shaping circuit. It shapes the pulse by taking f4@ 1 ise frequency decreases from 70MHz to 25MHz as

derivative of the oscillator waveform and generates moalecy Veoniror increases from 2.3V to 2.8V. The power consumption
pulses. The value oR1 and C2 are chosen to match the

! o X is 9mMW when the pulse frequency is at 70MHz and 3.4mW
impedance of the antenna to avoid signal reflection, t

) ; ) o hé? 25MHz. In 1.5V power supply,,fincreases from 3MHz
part should be designed to consist with antennas in diftergfy 44pHz whenV

- . . controi decreases from 1.02V to 0.15V.
applications. The amplitude and duration of the pulses cgfq power consumption is 1.3mW when i at 44MHz and
also be controlled by?1 and C2. In the present prototype,

: SR e _ 75uW at 3MHz. The power consumption can be even lower
the pulse shaping circuit is implemented off-chip for fleki 1, yecreasing/CCB or using fewer stages in output buffer.
purposes, but can be easily integrated in future designs. " 1nis ywB transmitter can provide high-datarate transmis-

The antenna is another key component for the UWB transion with low power-consumption. For instance, when tratsm
mission system [10]. It should be able to transmit widebarid bit signal using 5 pulses, 1Mbps data rate needs pulse
signal with minimum distortion in order to keep the pulsé&equency of 5MHz, which means 0.14mW power consump-
shape and amplitude in both the time and frequency domatien at 1.5V power supply. The power performance is much
[11]. In our design, we use a pair of planar triangular coppéetter than nowadays commercial RF transmitters, such as
foil as antenna for both transmitter and receiver. Zighee [13](148.5mW at 250kbps), [14](16mW at 1Mbps)

IIl. INTEGRATED CIRCUIT TESTRESULT
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Fig. 4. Measured pulse frequency and power consumption asdiidn of . ) L o

V.onirol- VCCA and VCCB is set at 3.3V. The pulse frequency decreaseEid- 6. V\_/lr_eles_s communication test result in hl_gh data.ragp: the 1.5V,

from 70MHz to 25MHz whenV.,,,;..; increases from 2.3V to 2.8V. The 1._9MH2 digital input signal modulates the amphtu_de of thﬂsps (PAM).

power consumption is between 3.4mW and 9mW Middle: the modulated UWB output pulses transmitted to rmnde: in which
4 pulses are used to present 1 bit signal. Bottom: RF receiviput waveform
showing the reconstructed signal from the received pulses.
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Fig. 5. Measured pulse frequency and power consumption asdaidn of

Veontroi- VCCA and VCCB is set at 1.5V. The pulse frequency decreases

from 44MHz to 3MHz whenVonro1 increases from 0.15V to 1.02V. The £ig 7. Received power versus TX and RX distance. A commierg@Bm
power consumption is between /A% and 1.3mwW wide-band RF power detector can receive the signal from aMBUransmitter
in 300cm.

or Bluetooth transmitter (which usually consumes 30mW or
more). amplitude increases with higher RF input power. The receive
was designed to detect narrow-band signals with RF power
of -70dBm or more. The maximum slew rate of the receiver
We designed a UWB transmitter using the SOS pulgyaluation board can reach at 5,50Q:%/ which results in a
generator. The power supply and input signals can be prdvidése time of 545 ps, making it ideal as a pulse amplifier [15].
by an OpalKelly 3001v2 FPGA board (for 3.3V power supply). Fig. 6 shows the wireless transmission waveform. We used
VCCB is used as digital input, to operate the transmitter i 1.5V digital signal sequence as input signal to modulate
pulse amplitude modulation (PAM) mode (turning the pulsée pulse amplitude. The UWB transmitter generates pulses
on and off, also known as On/Off Keying or OOK)[1]. for the input signal and transmits the pulses to TX antenna.
We assembled two identical antennas for UWB transmitt&he receiver collects data from RX antenna and reconstructs
and receiver by using triangular copper foil on a plastihie waveform. The input digital signal is 1.9Mbps. We use 4
sheet as illustrated in Fig. 9. We used a Analog Devigaulses to present 1 bit signal. The antenna distance between
AD8313 Logarithmic detector as the receiver. The outpdiX and RX is 15 cm.
of the device is a function of the input RF signal power. The amplitude of the receiver output depends on both the
The minimum receiver output amplitude is 500mV and thisrientation and distance between the antennas. Fig. 7 shows

IV. WIRELESSTRANSMISSIONTESTRESULTS



Process technology SOS 0..xm CMOS

Pulse Frequency,f 2MHz-200MHz
Duration of Pulse 800ps
Amplitude of Pulse 0.7v

Power consumption | 75uW (at f,=3MHz)

Transmitting Distance | 300cm (at -60dBm)
Chip Area (without pad) 70um x 130um
Chip Area (with pad) 420um x 420um

TABLE |
SUMMARY OF THE UWB TRANSMITTERPERFORMANCE

properties of our UWB transmitter circuit.
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Fig. 8. Die micrograph of the integrated UWB pulse generat@a 0.5xm

silicon-on-sapphire CMOS process REFERENCES

[1] J. Foerster, E. Green, S. Somayazulu, and D. Leeperrdttdeband
technology for short- or medium-range wireless commuitoat” Intel
Technology Journal, vol. 5, no. 2, pp. 1-11, May 2001.

[2] J. Aziz, R. Genov, M. Derchansky, B. Bardakjianl, and &l€h, “256-
channel neural recording microsystem with on-chip 3d edelets,” in
|IEEE International Solid-State Circuits Conference, 2007. |SSCC 2007.
Digest of Technical Papers., February 2007, pp. 160 — 594.

[3] FCC, Revision of Part 15 of the Commission’s Rules Regarding Ultra-
Wdeband Transmission Systems, Washington DC, April 2002, vol. 02-
48.

[4] T. Opperman, M. Hamalainen, and J. linatti\vB Theory and Appli-
cations. John Wiley & Sons, September 2004.

[5] F. Nekoogar, F. Dowla, and A. Spiridon, “Self organipatiof wireless
sensor networks using Ultra- Wideband Radios,”|BEE Radio and
Wireless Conference, September 2004, pp. 451— 454.

[6] T. Zasowski, G. Meyer, F. Althaus, and A. Wittheben, “UWdggnal
propagation at the human headEEE Transactions on Microwave
Theory and Techniques, vol. 54, no. 4, pp. 1836 — 1845, June 2006.

[7] J. Ryckaert, C. Desset, A. Fort, M. Badaroglu, V. D. HepnWambacq,
G. V. der Plas, and S. D. and, “Ultra-Wide-band transmittar [6w-
power wireless body area networks: design and evaluatitBEE
Transactions on Circuits and Systems I, vol. 52, no. 12, pp. 2515 —

Fig. 9. Transmitter test system. An FPGA is connected to taesmitter 2525, December 2005.
and provides power supply and input signals. The input $igndelivered to  [8] |. D. O’Donnell and R. W. Brodersen, “A flexible, low powddC-1 GHz
the FPGA by means of a USB bus. impulse-UWB transceiver front-end,” ifEEE International Conference

on Ultra-Wdeband, September 2006, pp. 275-279.
[9] T.-Y. Tzou and F.-C. Chen, “New 0.18-um CMOS pulse getweréor
. . . impulse radio Ultra-Wideband communication systervigrowave and
the received power as a function of the distance between opiical Technology Letters, vol. 49, no. 2, pp. 342345, February 2007.
antennas. The data in Fig. 7 is converted from output angj@itul10] J. R. Andrews, “UWB signal sources, antennas and prafpay”

to received power according to the AD8313 data sheet. The ﬁ?ﬁﬁgﬂgf%gg Labs, Boulder,CO 80306 USA, ApplicatiotehiN-

transmitter and receiver antenna planes are facing eae, otfi1] M. Miao and C. Nguyen, “On the development of an integda€MOS-
with the same height and the same orientation. Larger ranges based UWB tunable-pulse transmit modul¢éZEE Transactions on

can be attained with a more sensitive receiver. g'c‘;rg‘gg‘ée Theory and Technologies, vol. 54, no. 10, pp. 3681-3687,

[12] PeregrineP.5um FC Design Manual, 52nd ed., Peregrine Semiconductor
V. SUMMARY Inc., San Diego, CA, March 2005, http://www.peregrine-seam/.
. . - 13] MaxStream Inc. XBee/XBee-PRO OEM RF Modules Product Manual.
We designed, fabricated and tested a ahcon-on-sapplﬁré MaxStream Inc.. 2004,

low-power tunable UWB pulse generator which has the p@4] Chipcon Products<gC2400 2.4 GHz Low-Power RF Transceiver. Texas

i i i - _ i Instruments, 2006.
te”“f"" to be W|dely_ usgd n short_ range low power wirele 5] Analog Device, AD8313 0.1 GHz to 2.5 GHz 70 dB Logarithmic
applications. The circuit was fabricated on 0.5 micron S Detector/Controller, 2004.

process. A micrograph of the integrated circuit is shownign F

8. The whole transmitter test platform is illustrated in .Fig
The test result shows that our circuit consumegVi5vhen f,

is at 3MHz, with 1.5V power supply. The core circuit occupies
0.0091tnm? square. Table | summarizes the main results and



