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Direct-sequence UWB signal generation
and measurement

This article discusses how to generate and measure ultra-wideband signals
to design and test the performance of radio receivers handling UWB signals.
A number of novel techniques, such as pulse shape recovery and frequency
measurements on sub-nanosecond pulses, are described using modern
test equipment.

By Peter Cain

Itra-wideband (UWB) radio signals ware testing during design and evaluation. Aas historically been the most widely used
have characteristics that are differenhumber of novel techniques, such as pulsagetector type.
from conventional radios. Of special interest ishape recovery and frequency measurements
the ability to spread the transmission poweon sub-nanosecond pulses, are described. Pulse-modulated RF
over a sufficiently wide bandwidth to make the As with any radio, as well as testing the Although very wide, the UWB transmis-
signal appear as noise to a narrowband receiverpdulation and time characteristics of thesion still has to fit within a defined spectral
while still being able to transmit very high datasignal, the designer will have to ensure thavindow. Examination of the pulse waveforms
rates over short distances. In this contex@pectrum emissions fit within regulatory al-needed to create a banded spectrum shows
“narrowband” may actually mean 20 MHz wide.lowances. UWB regulation recognizes thehey look like bursts of a few cycles of a
A direct (baseband) pulsed approach, usioise-like nature of the signal by requiringcarrier. For example, the simplest extension
ing today’s ultrahigh-speed digital circuitry, the use of the average (rms) detector featufeom the bipolar pulse to a Gaussian mono-
was originally seen as the most direct routef modern spectrum analyzers. The articlpulse reveals how it looks like a cycle of a
for UWB radio implementation. However, in concludes with a description of how and whysingle sine wave in the time domain.
order to design a mass-producible radio, idedke results can be different to those the reader This points to the use of conventional
have migrated to combine frequencymay be expecting, since the peak detectdrequency mixing as a way to generate the
. . . . . UWB signal, and is what
As with any radio, as well as testing the modulation and time  nas become the more popu-

lar approach. To remove

characteristics of the signal, the designer will have to ensure oo of the mystery of
the spectrum emissions fit within regulatory allowances. UWB, 1t can be useful to
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Figure 2. Block diagram of a pulse-modulated RF UWB radio.

from the narrowband signals we are used to, The transition from discrete spectral linegram for a UWB radio based on frequency
to a “UWB?” signal. Figure 1 shows a seriego a “continuous” spectrum display is due tanixing. On paper the implementation
of practical spectrum analyzer traces thahe ratio of measurement span (bandwidth dboks more complicated than a filtered pulse
track the change in the displayed spectrum dse signal) and the resolution filter of thegenerator, but multiplying a shaped pulse
a local oscillator is switched on for progresspectrum analyzer. In broad terms, the inabiby a fixed carrier eases some of the signifi-
sively shorter periods. ity of the spectrum to resolve individual linecant problems of realizing economical
In the lower row of traces, we see how thepectra is equivalent to how we want a reabut reproducible performance. Out-of-band
energy gets distributed broadly across thevorld narrowband radio to respond to thespurious signals must be consistently kept
spectrum as the on-period of the local oscilWB signal. Going to the next level of de-at low levels. An added advantage for
lator is reduced to the point where there ar&il, while it is the pulse shape that deterthis circuit is that to generate a given in-
only a few cycles of the carrier (2.5 in thismines the overall shape of the spectrum (sestantaneous RF signal bandwidth, only half
case). The peak of power centered on 50be lower center section of Figure 1), itis thehat value of bandwidth is needed at
MHz is dramatically reduced as the signaspacing of the pulses that determine howaseband. In the time domain, this means
changes from narrow to ultra-wideband. It i;oise-like the UWB signal will be. We shallthe pulse rise time can be double that needed
predictable using Fourier analysis, but fewsee later how this is built into one of thefor a radio without frequency conversion,
RF engineers will have had reason to experproposals, and can be tested. making real device performance more
ment with pulses this narrow. Pulse modula- Figure 2 shows a simplified block dia-predictable.
tion usually involves hundreds of cycles of
the carrier.
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Figure 3. Digital demodulation applied to a three-state PSK pulsed VSA software. The power distribution plots on the right (CCDF) are
signal. described in the text.
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Figure 5. Combination diagram showing transmitter and receiver test configurations.

Transmitter path measurements tests. For example, certain baseband test pat-Fortunately, this tool is available in the
In Figure 2 we see how the RF front enderns can be chosen to give specific RF specti@rm of a digitizing oscilloscope. What is
looks similar to other time-division duplex shapes, which the spectrum analyzer camnore important is that the signal can be mea-
radios. Differential signal paths are shown athen show. sured and analyzed using advanced RF tech-
various points to indicate how this has be- However, there is a limit to what narrow-niques. Figure 3 shows different aspects of a
come an essential part of circuit design. Uskand analysis can show if we want to exampulsed UWB RF signal that has been cap-

of differential signals is progressively movingine the operation of the whole signal pathtured with a 10 GHz real-time oscilloscope,
beyond the integrated circuit (IC) itself, whichErrors and distortions add as vectors, buising a vector signal analysis package run-
impacts the way we connect for measuredsing conventional swept spectrum analyzetising within the oscilloscope. The measure-
ments. Differential RF probes become more we only view the resultant power. Even withment suite available within the scope now
requirement than a luxury. the newer digital spectrum analyzers, the widerosses the baseband and RF boundary, with
In the transmitter, shown in the lower halfest bandwidth signals they can fully characeverything from digital demodulation of the
of the diagram, the usual issues of signal getterize are limited to about 100 MHz. A mea-RF signall, to jitter analysis. A 10 GHz differ-
eration apply, but the speeds of the basebasdrement tool with greater than 1000 MHzntial probing system completes the tool kit.
signals have gone up dramatically. Separatidmandwidth is needed.
of different signals us-
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can be used for check
ing the level and leak-
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extended for specific igure 6. signal with unwanted clock harmonics measured (left) with an average detector and (right) with a peal

. . detector. The carrier frequency leakage identified in the right hand plot is “missing” in the left hand plot because of the
modulation bandwidth giferent operation of the peak and average detector.
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Measurements of a three-level form, both on 2 ns/div scales. In this case, WWB radio use. By treating it as binary phase
phase shift keyed test signal shows the shape of the root raised cosirghift keying (BPSK), we can demodulate it.

Unlike a baseband pulsed radio, the voltfiltering used to give the desired spectrun{This also works for ASK). The three states
age of the transmitted RF waveform, as seeshape. The approximately rectangular specan be seen in the 1Q plot at the top left of
on a normal oscilloscope and in the lowetrum is also displayed in the lower left sectiorFigure 3, and the demodulated components
right trace of Figure 3, no longer shows thef Figure 3 and the total power is showrare shown in the two center traces. In this
shape of the pulse. Pulse shape and phasemerically at the bottom. case, the “0” state is not recognized cor-
measurements require the signal to be de- The analysis that’s available goes furthemectly, so the numeric error vector magnitude
modulated. The software used in Figure Jhe signal was an example of a three-levédEVM) readings are not meaningful, but other
removes the RF carrier and in the upper righghase shift keyed (PSK) signal. This is one afseful information can be seen that will allow
trace of Figure 3 shows the resultant wavekind of signal that has been proposed fothe differentiation between clean and noisy
signals. By considering the pulsed signal as
BPSK and entering a symbol period that
matches the clock frequency of the baseband
signal, even the frequency error can be mea-
sured. Measurement of frequency under dy-
namic conditions is frequently more reveal-
ing than with the device in a continuous wave
(CW) test mode. If the reader imagines trying
to measure the frequency from the oscillo-
scope trace in the lower right section, it can
be seen how powerful the software analysis
is. The resultin this example is shown within
the rectangle in the lower center box. A 10
kHz offset was deliberately added to the simu-
lation, which is centered at 4104 MHz.

Returning to the pulse shape in the top left
of Figure 3, for sub-nanosecond pulses the
displayed time resolution may affect the use-
fulness of the result. How significant this
effect is depends on the actual bandwidth of
the test signal. As an indication, the sampling
rate for the demodulated result is one-third
that of the original data capture. Part of this
is due to the splitting into 1Q data pairs, the
restis related to data windowing. The results
may be enhanced using averaging, which in-
creases the effective sampling rate if noise is
present, which it will be. The trace data can
also be extracted as a vector sequence for
post processing.

Measurements of a DS-UWB
signal

Generating a UWB signal that looks like
noise means creating a pulse sequence that
does not have significant repetition. As we
further consider the radio implementation,
we realize that simply speeding up some of
the modulation techniques used for
narrowband radio, like 802.11b, may be well
suited to UWB. “Pulses” have been with us
all along. We can pick a simple modulation
type and then modulate the data in a format
to suit the type of radio link we want to build.

The modulation clock rate has to be
extremely high to provide the basic data
capacity. The DS-UWB proposal for IEEE
802.15.34 addresses the need for closely
shaped pulses with long repeat intervals, by
using code sequence modulation on an
approximately 1300 MHz or 2600 MHz pulse
stream. Modulation involves choosing be-
tween symbols made up of carefully chosen

Circle 26 or visit freeproductinfo.net/rfd
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data sequences, alternating between +1, -Guence design, these are identified by a smalbde sequence that is most important. De-
and possibly 0. These may be applied d@sequency offsets (~10 MHz) in the localpending on the modulation type used, past
BPSK or possibly as quaternary phase shitiscillator. This is designed to be rapidly idenprocessing of the captured, demodulated
keying (QPSK). tifiable during the synchronization processtime record can provide time-correlation
Referring to Figure 2, a common crystaBeing able to measure this on a completeesults too.
reference will be used for carrier and pulselevice is a useful check for basic operation
timing, giving a fixed relationship betweenbecause if there is an error it may disrupt thReceiver testing
the carrier frequency and pulse period. Somest of the receiver operation. The upper half of the diagram in Figure 2
designs may use a variety of local oscillator In recovering the data, the pulse data codshows the receiver path. Filtering out hig
frequencies to provide the right combinaing is such that it is the correlation of thdevel narrowband interferers is one of t)‘Te
tions of spectrum usage and data throughput
Current IC technology and the need to av
the 5 GHz to 6 GHz UNIl bands mea
practical designs are being limited to <2 G
of RF bandwidth, compared to the potent
of 7 GHz made available by the spectru
regulators (in the United States at least).
The combination of oscilloscope and VS
software allows analysis of a range of mod
lation types. As a second UWB signal e
ample, in this case a real signal, Figure
shows a “direct sequence” QPSK UWB si
nal at 3.5 GHz. The EVM metrics are vali
although an adaptive equalizer was useq
simulate the reduction in linear distortion
similar to the capability of a normal receive
The uncorrected EVM of the signal gene
tor is higher. In addition to the measur
signal, the top central trace shows how
software can display what the ideal real
imaginary) waveform should look like.
The two right hand traces in Figure
reveal another aspect of the UWB signal, &
one that is important when considering f
co-existence of the UWB radio wit
narrowband receivers. The traces are of
complementary cumulative distribution fun
tion (CCDF), or more simply, give an indicg
tion of the statistics of the power of the rag
signal. The grey curve shows the distributi
of Gaussian noise, so the more the sig
tracks this, the more noise-like it should |
In the top trace, the black curve showsg
peak-to-average that is a lot less, but
measurement was made using the full sig
bandwidth of 1.5 GHz, and what we see
the statistics of the pulse waveform shown
the top center trace. If we reduce the m
surement span, which is akin to represent
a narrowband receiver, the power distrib
tion now does become noise-like. The do
nant parameter to ensure this happens is
choice of the data coding that’s used.

Functional use of frequency
error measurement

The frame design for the IEEE UWB rg
dio proposals is similar to those for wirele|
local area network (WLAN), insofar as
consists of a preamble, header and payld
There are significant operational differencg
For example, the design is for a wirele
personal area network (WPAN), allowin
for uncoordinated piconets. In the direct g
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big headaches with a UWB receiver. Postio an analog-to-digital converter (ADC). Digi- the test signal is not as significant for sensitiv-
downconversion filtering provides sometal signal processing on the ADC output isty testing as it would be if the source had to
additional interference protection, but theused to recover the original signal. Over timemeet the transmitter test mask. The next near-
intermediate frequency (IF) bandwidth has talesigns may be able to take time of everest UWB channel is spaced more than 1 GHz
be so wide it is not as effective as a normdhster ADCs to remove some of the analogway, with the 5 GHz to 6 GHz UNII band in
narrowband radio. Having a test source thgirocessing. between, so adjacent UWB channel testing is
can emulate different narrowband signals is For DS-UWAB, it is the receiver’s ability to not significant in the normal way. Piconets
important. correlate symbol pulse sequences that is moage differentiated by small frequency offsets.
The recovered pulse can be fed to an ananportant than its response to individual Each RF frame is recovered in isolation.
log correlator or, as shown in Figure 2, senpulses. Therefore, the exact spectral shape®fie channel equalization is done on a small
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part of each frame, and may need to use only
a few microseconds worth of data. Special

care is required to ensure this part of the
signal is stable relative to the remainder of the
frame. It is useful to be able to deliberately

impair the test source to see how robust the
receiveris.

A DS-UWB (pulsed) RF source

As depicted in Figure 5, and with the re-
sults of Figure 4, a combination of a high-
speed pulse per pattern generator and a
wideband external 1/Q option for a signal
generator, can be used as a pulsed or direct
sequence RF source. For simple formats like
BPSK and QPSK, the uncorrected modula-
tion accuracy of the PSG should be accept-
able. The immediate benefit of using an inte-
grated solution, in contrast to the simple
external mixer arrangement in Figure 1, is
that the level of the wanted RF is accurately
controlled. The level of unwanted signal com-
ponents is also defined. The high output power
available from the signal generator may be
useful for over-the-air experiments and test-
ing. The signal generator can also double as a
narrowband (e.g. WLAN) interferer, and have
an additional impairment such as low-fre-
quency FM added to represent local oscilla-
tor (LO) instability.

The dual channel 81134 can be configured
to generate either a noise-like bipolar
datastream using a pseudo random number
(PN) sequence, or be programmed with a
user-defined data pattern. Two channels used
together with a timing offset will create the
IQ signals needed for QPSK as shown in
Figure 4. By locking the reference frequency
of the 81134 and PSG, the user can deliber-
ately impair the test signal and check the
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receiver’s response in a repeatable mannerchecking both detectors. Doing this has beeformance of the radio, and thereby ensure
To create the three level signals in onenade easier in recent software for the PSAesigns resultin consistently performing har|

IEEE proposal, Channel 1 and Channel 2 adpectrum analyzer because using the “UWRrare. Further details on a number of t

the 81134 are coupled using a power splitteemissions” test, the display can be made topics discussed here can be found in

Using the data mode, the data patterns ashow both simultaneously. application notereferred to belowRFD

programmed to provide the +1, -1, and 0

states required. The channel output voltag€onclusion References

needs to be doubled to take account of the UWB radios will shortly appear in con- 1. IEEE 802.15.3a Direct Sequence Pr

loss in the splitter. Timing differences be-sumer appliances and offer some unique corposals 2003-2004.

tween the channels can be corrected usirdgnations of data throughput and operating 2. Ultra Wideband Communication RF

the delay adjustment. A small DC offset mayange. In this article we have seen how to uddeasurements Application Note 1488 Agile
be needed to minimize carrier feed-throughtoday’s test equipment to measure the pefechnologies.

Spectrum mask testing—
differences between peak and
average detection modes

In general, measurement of the RF sp
trum generated by a transmitter addres
two questions:

1. Will the device under test (DUT) inte
fere with other radio receivers?

2. Will the DUT work effectively with
another of the same type?

The regulatory community is concerne
with the first question, and many tests h4g
been carried out to find out how to measur
UWB radio signal in a way that is practic
and representative of its affect on other ra
types. The conclusion to date is that a corm
nation of peak and average detection is
best way to assess the output emissions,
average detector is best suited to accura
measure the power of noise-like signals, wh
the operation of the peak detector is (¢
signed to track narrowband signals quick
during swept analysis. Advanced testing
involve wideband (50 MHz) complemental
cumulative distribution function (CCDF) me:
surements. These can be done using a dig
ing option in the spectrum analyzer.

As noted in the receiver section, the wi
“channel” spacing for DS-UWB means spe
trum testing is not particularly relevant fq
interoperability issues. Multiple piconets u
the same frequency range and are separ
by data codes and small frequency offset.

Figure 6 shows the results of measurin
deliberately badly behaved DS-UWB-sty|
transmitter. Along with the wanted UW
signal, there are a large number of clo
leakage components. The result from the {
ditional peak detector on the right shows {
unwanted spurious components. Howeve
does not allow the power level of the mod
lated signal to be correctly measured. In ¢
trast, the trace on the left shows the corr|
output power (-2.85 dBm, top right), b
some of the spurs have “gone.” There
nothing wrong with the spectrum analyzer
is the choice of frequency span, resoluti
bandwidth, and the number of display poir
that cause this to happen. Increasing the n
ber of frequency points will help, but fg
practical tests it is best to get into the habit
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