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A Precompliance EMC Test-Set Based
on a Sampling Oscilloscope

Marco Parvis Senior MemberGuido PerroneMember and Alberto Vallan

Abstract—In this paper, a precompliance test-set for the mea- quasi-peak detector with a charge time constant of 1 ms and a dis-

surement of conducted emissions based on a medium-level samtharge time constant of 160 ms and a receiver having an IF filter
pling oscilloscope and on a fast filtering algorithm is presented. bandwidth of 9 kHz at the-6 dB points.

This system has been designed as a low-cost alternative to the typ- R dl fth loved test-set tsd .
ical precompliance test-sets that are based on spectrum analyzers égardiess orthe employed test-set, measurements done using

equipped with EMC filters and peak detectors. Experimental ex- @ quasi-peak detector are rather slow, so compliance measure-
amples of the results obtained using a sampling oscilloscope with 8 ments are often performed in two steps. In the first step, a fast

kbytes of memory are given. measurement of the emissions against frequency is carried out
Index Terms—Discrete fourier transform, electromagnetic com- Py using a peak detector. This analysis always overestimates the
patibility, spectral analysis. EUT disturbances since the peak detector response is very sensi-

tive to EUT impulse emissions. In the second step the quasi-peak
detector is employed to investigate only the frequencies corre-
sponding to emissions exceeding the limits.

HE ELECTROMAGNETIC compatibility (EMC) certifi-  Precompliance measurements are a low-cost solution useful

cation is animportant issue in the design and fabrication @f obtain an estimation of the EUT emissions during prototype
any electrical device since, in most countries, emission and sdevelopment. These measurements are typically carried out
ceptibility levels must comply with strict regulations. Howeverwith a setup where a spectrum analyzer substitutes for the
EMC full-compliant measurements of both conducted and reeceiver [2]. Commercially available analyzers are typically
diated emissions are rather expensive and require dedicateckiuipped with a peak detector and a set of IF filters not suitable
strumentation not readily available in most laboratories of smadr EMC measurements. However, most spectrum analyzer
and medium enterprizes. A low-cost precompliance test-setignufacturers, in order to improve their instrument versatility,
therefore important to reduce the overall cost, since it allovgovide their top-class instruments with an optional quasi-peak
the repeated characterization of a prototype while still under dgetector and an EMC compliant filter.
velopment and leaves the expensive full-compliant EMC mea-Completely different approaches, which are based on the ac-
surements for the final device. The following sections therefotgiisition of the EUT emissions, have been recently investigated
describe a simple test-set arrangement that is based on widgly[4] in order to emulate the receiver behavior. A simple ap-

. INTRODUCTION

available digital oscilloscopes. proach is based on a digitizer, that samples the LISN output, and
on a numerical processor that performs the spectrum analysis of

1. COMPLIANCE AND PRECOMPLIANCE TESTS the acquired signal. The digitizer sampling frequency, which is

FOR CONDUCTED EMISSIONS strictly related to the investigated signal bandwidth, has to be

. oo dgireater than 100 MHz when the full CISPR16 band B needs
Compliance tests for conducted emissions are performed:in -
to be analyzed. Furthermore, the digitizer must be able to store

qualified sites according to specific standards. As an example in ;
. . . . __a large amount of samples (typically more than 5 Msamples)
Europe, data processing devices must comply with the emissjon

levels are defined in others countries (e.g., FCC15 in USA). P gnal. N P

. : . Qﬁocessed by means on an algorithm that emulates the receiver
Conducted emission measurements are carried out using

setup defined in the CISPR16 recommendations [1] that is ba%?—ﬁawor' The spectral content at a generic frequgay typi-

o e lly obtained in two steps: firstly the signal is filtered by means
cally composed of aline impedance stabilization network (LIS a numerical band-pass filter centerecfatthen a nonlinear
and a receiver. The LISN is a passive filter that lets the main P &

. . . . o orithm, which acts as a peak or quasi-peak detector, is em-
signals feed the equipment-under-test (EUT), while routing th oyed to evaluate the disturbance amplitude at the frequency

EUT disturbances to the receiver. The CISPR16 recommengrfl-. )
) : i o interest. These approaches behave quite well, although the
tionsdefine mostofthereceiver specifications suchasthe detet%or

type and the intermediate filter (IF) bandwidth. In particular, for'gmz.er th_ey require 15 SF'" an expensive de_wce. HOWGVEF as
. . exrﬁlamed in the next section, under certain circumstances it can

conducted emission measurements in the band B of the spectr[l)Je L ibstituted by a diaital oscilloscope

(i.e.,from 0.15 MHz to 30 MHz), the recommendations require a y 9 pe.

Manuscript received June 15, 2002; revised March 3, 2003. Ill. PEAK ANALYSIS BASED ON SHORT FRAME ACQUISITIONS
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are often equipped with large and fast memories and can thus
be employed as described in the previous section. On the
contrary, most medium-level oscilloscopes are able to acquire
a few thousand sequential samples only, and are not able to
reconstruct large signal frames.

However, with some limitations, these oscilloscopes can be
employed to perform the spectral analysis as required in the
CISPR16 recommendation, at least in the peak mode. In fact, if
the oscilloscope frame width is as wide as the time response of
the numerical band-pass filter, at least one sample of the filtered
signal can be obtained and, if several randomly acquired franfé& 1-  Impulse response of a CISPR16 compliant bandpass filter.
are available, it is possible to obtain a set of filtered points that
can be employed to estimate the peak of the filtered signal. jp = . fs/N,k=0,...,N — 1 can be concurrently obtained
this case the quasi-peak detector cannot be implemented &€in [6]-[8]
cause it requires a complete description of the filtered signal.

The n'umber of frames that.a.\re required to e;timate the §ignal y = 2N R{FFT(x-h')} 3)
peak is related to the repetition rate of the disturbance signal. fs
In most practical cases, when the disturbances have approxima- . . . . .
tively the same repetition rate as the mains signals (50 or 60 Hz erex is the reversei-mdex version of Eh_e Input vecxon.e_z.,
experimental tests have shown that a few thousand filtered salf ) = x[N —1],...,2[N — 1] = [0, h'is the sampled im-

ples allow for the detection of the signal peak with a maximuRHIS€ response of the equivalent low-pass filferis the sam-
error that does not exceed 1 dB. pling frequency and N is an integer power of two. One should

The frame width required to obtain at least one useful samrﬂgte that the IFFT algorithm is here employed because of its nu-

of the filtered signal is related to the filter time response. THQerical advantages i_n the compu_tation of the filter outputs and
computation is easy if a finite impulse response (FIR) filter iQOt to transform the disturbance signal from the frequency to the

employed, since in this case the frame has to have at leadfe domain.
number of samples equal the filter order.
Commercial spectrum analyzers typically employ gaussian IV. EXPERIMENTAL RESULTS
filters [5] with a bandwidthBs of 9 kHz at the—6 dB points, so  Fig. 2 shows the experimental test-set used to measure the dis-
hy,(t) can be analytically obtained as [6] turbances in three different conditions. The test-set is composed
By (8) = W(E) - (72708 4 e=i2mfot) of a low-pass filter, the sampling oscillosgopg, a personal com-
? puter (PC), and a spectrum analyzer which is employed as the
B (t) = V2rge 2(rot=m)" (1) reference instrument. The spectrum analyzer is an HP 8591E
Lo . L equipped with the EMC option. The analyzer has been set to
whereh/(t) is the equivalent low-pass filter impulse reSponsﬁerform the spectral analysis from 150 kHz to 10 MHz, with
and the parameter can be evaluated as a CISPR16 compliant 9-kHz IF filter and a peak detector. The
B2 sweep rate of the analyzer has been set to 30 s in order to allow
Sl (2) its IF filter to work with guasi-steady signals.

2 The sampling oscilloscope is an HP54505B, which has a res-
The constant in (1), related to the filter phase response, remlution of 8 bits and is able to acquire up to 8000 samples in
resents the time shift of the filter impulse response. This can t@l-time mode. In order to acquire frames with a duration of
arbitrarily chosen because the CISPR16 recommendation d6esms, the oscilloscope sampling frequency has been set to 25
not specify any details regarding the phase response of theMHz. This has limited the emission analysis to a maximum fre-
filter. The filter response in (1) has an infinite duration but, aguency of about 10 MHz. The input signal has been therefore fil-
shownin Fig. 1, its amplitude quickly decreases outside the paaked to reduce the aliasing effects using a second order low-pass
zone, so only about 0.3 ms bf, (¢) need to be taken into ac-filter with a cut-off frequency of about 10 MHz. The spectrum
count without significantly affecting the filter response. analyzer has been connected in parallel to the oscilloscope so

Therefore, an acquisition 0.3 ms long allows one to obtathat both instruments measure the same signal.
at least one sample of the filter output. As an example, if the The frames acquired by the oscilloscope are sent to the PC,
employed oscilloscope is equipped with 8 ksamples of memoextended to 8192 samples with null samples and processed ac-
the maximum sampling rate will be about 26 MHz, and thisording to (3) by employing a gaussian filter with a bandwidth
practically limits the spectral analysis to 10 MHz. of 9 kHz at the—6 dB points. Eventually, the maximum value of

When the entire band has to be investigated, several filtexach filter output is taken as the peak estimation of the distur-
are needed, so the filtering process could require a long tilnance signal spectrum at the filter central frequency. In these
to be performed. The duration of the filtering process can lbenditions, the proposed system provides 4192 points of the
significantly shortened by employing a filter bank based on ttsignal spectrum equally spaced up to the Nyquist frequency.
inverse fast Fourier transform (IFFT) algorithm. One sample @hese values are eventually decimated to obtain about 400 eg-
all the outputs of a bank of filters having center frequenciaegspaced points to be compared with the 401 points provided

| 1)
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0 01 Time (ms) 10.2
by the spectrum analyzer. The algorithm runs on a Pentium Il| (@
based computer and the computational time is negligible witl  so ‘
respect to the acquisition time. s Spectrum analyzer
=z 70 [\ — Proposed system
A. Test #1: Synthesized Signal Analysis z;? 60 / \\
An arbitrary signal generator (HP33120A) has beert 50’ e
employed to test the proposed system performance with a r< ~‘ \,_V
producible and known signal. The synthesized signal [Fig. 3(a), 4° B
is an approximation of the typical conducted emissions gener- (®)
ated by a dimmer regulator. 2

Two thousand frames have been randomly acquired in abo S
10 minutes and processed as described in the previous schEA
Fig. 3(b) shows the experimental results obtained with the speg%
trum analyzer and with the proposed system. The difference b2
tween the results [Fig. 3(c)], is belai2 dB. The standard devi-
ation of the results obtained with the oscilloscope-based syste
over 10 measured spectra, is below 0.6 dB up to 7 MHz ar rto2z2 3 4 5 67T 8 9 10
reaches 1.5 dB at 10 MHz. Frequg:r;cy )

B. Test #2: Personal Computer Emission Analysis Fig. 3. (a) Synthesized signal; (b) spectra obtained by the proposed test-set

and by the spectrum analyzer; (c) spectrum difference.
In this case a commercial LISN has been used to isolate the

emissions of a commercial personal computer. Also in this case
2000 frames of the disturbance signals have been acquired a .
processed. The spectra in Fig. 4 show an overall good agre 60 Qpeak Band B limit (EN55022)
ment and their point-by-point difference mainly comes from SRR

the different durations of the two measurement processes, sin s 50 __ Spectrum analyzer

the disturbance spectrum is time dependent. The figure shovg Proposed system

that the disturbance spectrum, which has been obtained withg ~ *° LWHWA‘\"F bt

peak detector, never exceed the band B limit. This is an examp3 s ; } '
where the quasi-peak detector is unnecessary, thus avoiding t&
necessity of using more costly equipment. 20

o

Amplitu

'
N

70

w
o

C. Test #3: Dimmer Regulator Emission Analysis 10

In the third example the LISN has been used to isolate th
emissions of a commercial dimmer that feeds a resistive IoaII:G 4 Conducted " |
The disturbance signal [Fig. 5(a)] has the same frequency ak onducted emissions of a personal computer.
the mains signals and the disturbance energy is concentrated in
two short time intervals per period. In this case the signal camaches 40-dBV amplitude and produces a nonnegligible effect
be completely described by acquiring only two frames corren the measured spectrum in the range of 3 to 7 MHz. However,
sponding to the cross-over points of the mains signal so that thés does notimpair the overall performance since the noise level
2000 acquisitions can be simulated by shifting the acquired dégdar below the band B level in this frequency range.
so that the spike appears in different positions within the frameln this example the peak spectrum exceeds the band B limit
itself. Fig. 5(b) shows the spectra obtained with the proposatlow frequencies, so further tests have to be performed with a
test-set and with the spectrum analyzer. The figure shows teaectrum analyzer equipped with a quasi-peak detector to asses
there is a good agreement between the results up to about 3 Mthe, DUT conformity. One should note that, in this specific con-
while the spectrum obtained with the oscilloscope overestimatditon, since a complete description of the disturbance signal is
the spectrum at higher frequencies. This phenomenon is maiatailable, it would be possible to employ the proposed test-set
related to the oscilloscope input noise. The noise contribution caot only to estimate the spectrum peak, but also to estimate the
be easily estimated by performing the spectrum analysis whaguasi-peak spectrum by employing a numerical algorithm sim-
the oscilloscope input is shorted. Fig. 5(b) shows that the noitar to the one described in [4].

Frequency (MHz)
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Fig. 5. (a) Conducted emissions of a dimmer regulator in the time domain and (b) in the frequency domain.

V. CONCLUSION [6] M. Parvis, G. Perrone, and A. Vallan, “A precompliance EMC test-set
. o based on a sampling oscilloscope,'Rroc. 19th IEEE Instrumentation
Precompliance measurements for conducted emissions can and Measurement ConfAnchorage, AK, 2002, pp. 1197-1201.
be conveniently obtained by employing a widely-available, [71 K. Shenoi, Digital Signal Processing in Telecommunica-

| t digital il led { PC, th idina th tion. Englewood Cliffs, NJ: Prentice-Hall, 1995.
Ow-cost digital oscilloscope coupled to a us avolaing e[8] P. P. VaidyanatharMultirate Systems and Filter Bankser. Signal Pro-

use of either costly digitizers or spectrum analyzers with EMC  cessing Series. Englewood Cliffs, NJ: Prentice-Hall, 1993.
options. A test-set based on low resolution (8 bit) low frame

memory (8—32 ksamples) oscilloscopes allows one to obtain an

estimation of the peak spectrum, but not always the quasi-peddco Parvis (SM'01) was born in Italy in 1958. He received the M.S. degree

estimation. However, such an estimation can be obtamed"l lectrical engineering and the Ph.D. degree in metrology from the Politecnico
orino, Torino, Italy.
specific circumstances that commonly arise. Currently, he is a Professor of electronic measurements at the Politecnico
An arrangement of the proposed test-set has been employetbrino. His main fields of interest are intelligent instrumentation, signal pro-

to verify the performance inthree cases representative of sev péplng and biomedical measurements. He is presently working on new sensors
mechanical and chemical quantities and on the development of distributed

common conditions. The test results have confirmed that the dffsasuring systems.
ference with respect to costly spectrum analyzers is rather small
and that the proposed solution can be used as a low-cost alter-

native to a spectrum analyzer equipped with IF filters complia@iido perrone (M'98) was born in Italy in 1965. He received the Ph.D. in
with the CISPR16 recommendations. electromagnetics from the Politecnico di Torino, Torino, Italy
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