Realtime measuring equipment
optimized for faster detection of
critical EMI signals

Volker Janssen

Test & Measurement Division
Rohde & Schwarz GmbH & Co.KG

Munich, Germany

Abstract - The developement of military
commercial products and the growing complexity leteonic

devices has lead to a significant increase of EM@amance
testing. Due to pressure from market the produsigtecycle

times continue to decrease. Companies are spendong

money on multiple iterations of product EMI complie

testing at EMC test laboratories. Many companieg fpa a

product to be repeatedly tested at an EMC testéabry, but it

often makes more financial sense for companiesvest in

their own test solutions. Such equipmentis e.chigh-end

signal and spectrum analyzers or test receivergbgugraded
to a realtime analyzer that provides the functibyan top of

traditional signal and spectrum analyzer functions.

The core of the real-time analysis is the digi@ati
end. The critical point behind real-time analysiga run data
acquisition and data processing in parallel. Taeaehthis, the
digital back-ends are equipped with a chain of peulé&SICs
and FPGAs in combination with a large memory fgotaeed
data. This combination allows the instruments tocpss the
data in several stages in a pipeline architecfline. last stage
of the pipeline is the CPU, which reads the prezpssed data,
applies the necessary scaling information and ajsplthe
results on the screen.

Different real-time display modes run in paralleltbe
real-time analyzer. This means that all availal#el-time
results can be displayed in multiple diagrams &itn@ and a
frequency mask trigger (FMT) can be used in additio
capture very rare events. This flexibility is adinsaving,
reliable and accurate testing method to reducecdedesign
cycles without compromises to oversee sporadicoarstable
signals in gapless recording by realtime analyzers.
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l. REALIZATION TECHNIQUE OF REAL-TIME
MEASURING TEST EQUIPMENT

The measurement speed available in today's spectrum
analyzers or receivers is the result of an evohatig process.
Traditional spectrum analyzers measure frequenegtsp by
mixing the input signal to a fixed intermediateduency (IF)
using a swept local oscillator. The signal was de@enverted
in several mixing stages, and finally it passed #malog
resolution filter, which determined the frequencyhe
measurement time was dependent on the settling afiibe
resolution filter and the time the first local dkator needed to
return from its end frequency to its starting ppiht so-called
re-trace time.

With increasing computing power following spectrum
analyzer and test receiver generations were eqdipjte FFT
filters for narrow bandwidths. Multiple narrowbaR&Ts were
concatenated to a trace representing the selectegieincy
span. As the computing time for the FFTs was sowtipared
to the settling time for narrow RBW filters, the Finethod
provided a great speed advantage over the traditiomweep
method.

The newest generation of test equipment makes sixees
use of the FFT method for narrow resolution bandwadin
addition, it introduces complex digital RBW filtefsr swept
measurements. These complex digital filters casvoept by
orders of magnitudes faster than their analog @vpatts.

The solution comes with today's wideband, high Icem
analog to digital converters (ADCs). The 16 bitl8rbit ADCs
allow capturing wide frequency ranges (e.g. 40 Migzo 512
MHz) in a single shot with sufficient dynamic rangéhout
having to move the local oscillator (LO). Combinitigese
wideband ADCs with fast FFT algorithms implemented
dedicated hardware (e.g. FPGA) is the basis fod#dsign of a
real-time spectrum analyzer.



The important keys to a real-time spectrum analgrer

= Parallel sampling and FFT calculation:
acquisition continues while the FFTs are performed.

= Fast processing of FFT algorithms: The computasipeed
must be high enough to avoid that “stacks” of uspesed data
are being built up. Slow FFT computation will rasid an
overflow of the capture memory and a subsequert ldat (=

a new blind time).
This gap in data acquisition, the so-calledrliime”, has

decreased with each new spectrum analyzer or ¢esiver

generation.
CAPTURE AND ANALYZE
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Figure 2-1: Pulse captured by two consecutive HRE t
frames without overlapping
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Real-time analyzers utilize a technique called@ Bverlapping
to avoid this situation. Overlapping “reuses” saesphat were
already used to calculate the preceding FFT refidt. 2-2
shows a pulse signal that is captured by seveslapping FFT

time frames.
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Figure 1-1: Sequential capture and analysis as imsed.
FFT analyzers
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Handling FFT results of short events (short caragd to the
FFT capture time) is a challenge, which must bedtegh
properly by a real-time spectrum analyzer to mizinievel

errors.
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Figure 1-2: Parallel capture and analysis - nodolime

To show the critical situation, let's assumat tine capture

time frames for two subsequent FFTs do not overlap.

FRAMES OVERLAPPING

The energy of a short pulse, which hits the boafethe two
capture time frames as shown in Fig. 2-1, will betrdbuted

among the results of both neighboring FFTs. Assalteeach of
the FFT results exhibits a lower power level corapdo the true

power of the time domain pulse.
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Figure 2-2: Pulse captured with several consecutive
overlapping FFT time frames

In the example (Figure 2-3) there are several sFEhat
capture the entire pulse and not only fractionis. dhe overlap
factor describes the ratio of reused samples ttotaé number
of samples. In the case of high-end test equipnaangverlap
factor of at least 80% is used. Overlapping depemdmany
factors, especially the FFT length and operatinglen(High
Resolution or Multi Domain), but is at least 50%lass
window lengths are below 1024 bins. Assuming an kfigth
of 1024 bins and a bandwidth of 160 MHz, an ovevilag of

2/3, i.e. 684 samples areused.

Finally, a more detailed view on FFT techniqueseals
another issue that requires an adequate overlapptigy An
FFT analyzer usually applies a non-rectangular @xvidg
function to the captured data before calculatirgERT. From
Fig. 2-3 it becomes evident that pulses shortar tha window
length can be significantly attenuated if theylaoated near the
window edges. Sufficient overlapping ensures thattspulses
that could be attenuated if they occur at the ed§@swindow
are also correctly measured at the center of the window

subsequent FFTs.
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Figure 2-3: Overlapping compensates effects reguftom
windowing function

With an overlap ratio of 50% or higher, level er@aused by
the window function can be neglected.

Overlapping is directly derived from the maximuralréme
bandwidth and the maximum number of FFTs the aealgan
calculate per second. So for a real-time spectrmalyaer
comparison, it is important to keep an eye on pgeeified FFT
update rates, i.e. the number of FFTs per second.

Within the real-time FPGAs, the resolution bandWidt
(RBW) is tied to the FFT length and the span. Wilixed FFT
length, the RBW cannot be set explicitly. Modest exjuipment
allow different FFT lengths for realtime setups. $lecting a
certain Span/RBW ratio, the RBW can be changedgieen
span. Since the available span/RBW ratios vary thigrselected
window function, Table 1 gives an overview of theximum
ratios available, i.e. the span/RBW ratio that esponds to a
16k FFT. Clearly, the FFT or window length scalesvd with
the selected ratio.

Blackman

Flattop | Gauss Rectangle Hamming Kaiser

3200 1600 3200 6400 4000 3200

Table 1: Window functions corresponding to 16K F

Il.
RESULTS

DISPLAY OF REALTIME MEASUREMENT

Wireless communication systems such as headsétnalis-
free sets in a car use often frequency hoppédrs tess disturbed
by interference signals or applications in the sdraquency
range.

Also inside tactical communcation systems as weliaaar
applications frequency hopping technique ensuresurite
against interception respectively reduction or sepgion of
unwanted interference

For the analysis of frequency agile systems tieads should
be displayed in realtime fast, accurate and gap/Ess is the
only way to analyze short and unwanted signalstait

Il. PROBABILITY OFINTERCEPT

For above measurement tasks todays analyzersyeeseaire
fitted with real-time bandwidths of 40, 80, 16003# 512 MHz.
Using e.g. a 512 MHz real-time bandwidth the FRE raust be
up to 1,1 million spectra per second. The analgieézcts signals
correctly by level, which are present at leastdoly 0,91pus
(100-% Probability Of Intercept, POI) and catché&s ghose
signals with a duration of a few nanoseconds véthuced level
accuracy. The human eye differs between 30 picheesecond
only and modern test equipment offer diverse optidor
displaying these results and events with detaigslution in
frequency and time domain, offering more informatiwailable
about the measured spectra.

The conventional display of real-time spectra dakes many
thousands of traces with a detector to displaystectrum of
maximum values. If there was an interferer or disnce signal,
it was captured and displayed although the eveghttiave
been existing for only nanoseconds.

FFT-length 1024 to 32k 1024 to 16k
Maximum real-time 512 MHz 160 MHz
analyzer bandwidth

Maximum FFT-rate 1171875 585 938
POI 0,91 pus 1,87 ps
Resolution bandwidth | 6,25 to 6400 6,35 to 3200
(RBW) free configu-

rable for Span/RBW

Table 2: Comparison of real-time parameters for enodest
equipment of signal- and spectrum analyzer

V. SPECTROGRAMFUNCTION

For a better resolution of the frequency domainuber can
take benefit from a spectrogram display., whickedirup all
traces and spectra color coded. Signal levels eamkg are
linked in rows one after the other to form a histmg where the
newest measurement is on top and the older onefisted
below. So frequency hoppers are caught and displgapless.

The device memory e.g. saves up to 100,000 sp¥¥¢ittathe
sweep time of 20Qs the maximum spectrogram history depth
is 20 seconds, whereas a sweep time of 30 ms altbess
spectrogram to cover 3000 s, almost an hour. Fotiramus
operation of the real-time analyzer, the historpttecan be
directly converted into a maximum display time byltiplying
the depth of 100,000 frames with the selected swieep



See lower diagram of figure 4-1 where the hoppingEEsss

sequencies of a Bluetooth carrier and a WLAN sigraal be
seen and analyzed. The minimum resolution in realtiomain
is 55us.
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Figure 4-1: 3G-signals at 2,1 GHz and Bluetooth@®4/AN-

signals inside the 2,45 GHz ISM-Band can be andlyze

simultaneously with a realtime bandwidth of 512 MHz

V. PERSISTENCBMODE

With a persistence-mode the analyzer writes alil@vi traces
on top of the other and codes the probability gfegpance by
color. More often appearing signal levels are cadored and
more rare signal are colored in blue. If a sigl@sn’t occure
longer it disappears after a while from persistescesen
(Figure 4-1 upper diagram).

This display mode offers an overview of the dyi@ of
frequency agile systems. Frequency hops as natigiakn in
the ISM-band, where Bluetooth®- and WLAN-signalsn ca
collide and through this the data rates will beuastl, can be
analyzed in detail to find better algorithms t@iavcollisions.
The persistence mode helps to detect ultrashdrtrdesnces or
spikes or even hidden signals which cannot be fdynieégacy
spectrum analyzers. (See figure 5-1 and 5-2.)
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Figue 5-1: Wideband noise covering a WCDMA signal
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Figure 5-2: EMI broadband disturbance and a putsguil
measured in persistence spectrum mode.

V.  FREQUENCYMASK TRIGGER(FMT)

When only one special signal is of interest,chitprobably has
been detected in the spectrogram or persistence woplist a
signal where the frequency is known, the use offteguency
mask trigger becomes important. The user definepdiyts a
mask in the frequency range and the analyzer caaphese
points with e.g. 1,1 Mio FFT spectra per seconanly signal
hurts the mask the analyzer stops the real-timesurement and
records it. Parameters of time for Pre-Trigger Bodt-Trigger
have to be set for the signal to be recorded. Tdwirued
analysis gives an overview how often distinctivgnsils appear
and whether their behavior is similar all the tiorenot (Figure
6-1).

Ref Level -30.00 dém RBW 200 kHz
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Figure 6-1: Frequency mask trigger

The recorded data (as by Multi-Standard-Realtimelysis -
MSRT) can be exported to other applications likalegue
modulation- or signal vector analysis. In ordegét a reliable



FMT trigger with very short events, it is prefemlib set the
mask limit levels lower than the expected spegtoaver levels.

VII. MEASUREMENTEXAMPLES

A typical application for a persistence spectruthéanalysis
of time varying signals. It is an especially powétbol to give
the user a first idea of a signal, before it caarsyzed in detail.
Fast frequency hops can be clearly distinguishad implitude
drops with the persistence spectrum, whereas ctionah
analyzers may mislead the user. Opposite to thetrgggam
display, the persistence spectrum offers a highe kesolution.

Fig. 7-1 shows two persistence spectra, one witbcquency
agile DUT in the 2.4 GHz ISM band, and a secoreliarthe 5
GHz band. At the moment this screenshot was takersignal
was located on the right side of the spectrum. Hewethe
persistence makes it clear that either the sam& different
signal was located in the center part of the spattiefore
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Fig. 7-1: Frequency agile DUT in the 2.4 GHz ISMhtand
5 GHz band. Persistence shows signal longer tkatuitation
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Stopping the continuous recording of figure 4-1past-
processing and of the spectrum is possible by zognin with
a minimum time resolution of 20 ns. With the zoorg. é¢he
preamble of the WLAN-signal and details of modwatcan be
resolved easily (Figure 7-2).

MultivView Spectrum x ' Real-Time Spectrum x

Ref Level RBW 128 LH;

= SWT 528 s Dwell Time

Span 51.2 MHz

Figure 7-2: Zoomed WLAN-signal
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Figure 7-4: GSM signal
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Power versus time application with spectrum anayze

Typical real-time applications
» The time overview enables users to measure the
duration of signals
»  Waterfall of power versus time gives the possipilit
to look at pulse to pulse jitter
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Figure 7-6: Airborne radar signal - jitter

VIII. CONCLUSION

Signal- and spectrum analyzers as well as testverseof the
newest generations can characterize frequency ag#tems
with large real-time bandwidts. So ultrashort digainces and
frequency hoppers can be detected and analyzesatuable
feature and operating mode for developers of raaled
communication applications. All RF-parameters of an
application can be measured accurate and precisely.

EMI test procedures and design circles can be speeg
significantly by factors. Modern test equipmentliriing real-
time application give better interpretation of féswand can
prepare certification measurements.
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