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With time-domain EMI measurement, a single scan can test intermittent
radiating devices quickly and accurately.
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For some time, measurements of electromagnetic interference have been carried out by superheterodyne receivers operating in the frequency domain. E.L. Bronaugh mentions in his article
“An Advanced Electromagnetic Interference Meter for the Twenty-First Century” that, in the
future, the conventional technology of super-heterodyne EMI receivers will be replaced by
digital emission measurement systems.1
For the past six years, we have carried out research on emission measurements in the time
domain.2 The rapid development of digital technology and the increased speed of the analog-todigital converters make it possible to digitize and store data at speeds of several gigasamples/second (GS/s). Articles in several technical publications have indicated that a digital
storage oscilloscope can effectively digitize and store emission signals. For signal processing
(i.e., calculation of the spectrum by fast Fourier transform (FFT) and simulation of the detector
modes) a conventional PC may be used.3, 4
Typically, digital storage oscilloscopes use an 8-bit analog-to-digital converter with a limited
effective number of bits. Clearly, the dynamic range of such a system is not sufficient for
handling such transient input signals.5 The dynamic range is decreased by the spurious response
of the analog-to-digital converters and by other spurious signals that are added by digital
storage oscilloscopes.4 The acquisition memory of the oscilloscope is limited, and it is impossible
to store the signal for the entire dwell time. Consequently, the digitization process is impeded by
a number of interruptions. Methods for characterizing the signal using a statistical model and
performing a quasi-peak detection have been discussed in Braun et al.6 The international EMC
Standard CISPR 16-1-1 requires a spurious-free dynamic range for broadband transient signals
of 36 dB and a spurious-free dynamic range of 40 dB for stationary signals.7 CISPR also requires
a continuous evaluation of the signal without any gaps.
Real-Time Time-Domain EMI Measurement System
In the time-domain EMI (TDEMI) measurement system, the input signal is digitized by an
analog-to-digital converter (ADC) unit. Spectral estimation is performed by FFT. The block
diagram of a multi-resolution TDEMI measurement system is shown in Figure 1. The EMI signal
is received via an ultra broadband antenna.8 A multi-resolution analog-to-digital converter
(ADC) system carries out a floating point analog-to-digital conversion.9 The measured and
digitized EMI signal is processed via digital signal processing, and the amplitude spectrum is
then displayed. The operation of a real-time operating multi-resolution time-domain EMI
measurement system has been described in Braun et al.10 Using a frequency scan in the range 30
MHz to 1 GHz, with a step of 50 kHz, a reduction of the measurement time by a factor of 2000
has been achieved.

Figure 1. Multi-resolution time domain emi measurement system.

Fast Fourier Transform
Digital spectral estimation is performed via the discrete Fourier transform (DFT). Algorithms
for DFT computations that exploit the symmetry and repetition properties of the DFT are
defined as FFT. The DFT formulation considers periodic repetition of the time-domain signal
and is given as follows:

(1)
Short-Time Fast Fourier Transform
A spectrogram is calculated using a short-time fast Fourier transform (STFFT). This
spectrogram shows a discretization in frequency and time. The resolution in frequency is
described by the bin-width ∆ƒ. The resolution in time is described by a time step T sBB. The
inverse of the time-step is called baseband sampling frequency or fsbb. The STFFT is calculated
as follows:

(2)
where w[n] is a Gaussian window function that models the IF-filter of an EMI receiver.11 The
relation of the baseband sampling frequency fsbb and the bin-width ∆ƒ describes the overlap
factor of the STFFT. The discretization in the time domain must be high enough to fulfill the
Nyquist criterion.
Hardware Implementation
In Figure 2 a picture of the analog-to-digital converter system is shown. Three 10-bit, 2.2-GS/s
ADCs process three amplitude resolutions in this multi-resolution system. The reconstruction
and error correction, as well as the real-time spectral calculation, are performed on
FPGAs.10 The current measurement system can perform the emission measurement in the peak,
average, RMS (root mean square), and quasi-peak detector mode.

Figure 2. Analog-to-digital converter system.

Measurement Procedure
EMI Receivers. Measurements of emissions are traditionally performed by measurement
systems operating in the frequency domain. During the dwell time, the input signal is observed
at a single frequency and is measured with a detector (e.g., the quasipeak detector). Throughout
the complete dwell time, the signal is processed continually via the analog and digital stages of
an EMI receiver. The complete characterization of a device-under-test (DUT) may take several
hours because of the long dwell times imposed by the time constraints of the detection mode or
by the intermittent disturbance of the DUT. The stepped measurement procedure is shown in
Figure 3.

Figure 3. Measurement procedures for single shot TDEMI, EMI-receiver and realtime TDEMI measurement system.

Single-Shot Measurement in Time Domain. Time-domain EMI measurement systems capture
for the record time trec the EMI Signal and store it. The signal is processed by the fast Fourier
transform. The IF filter is modeled with a Gaussian windows function. Using the short-time fast

Fourier transform, the recorded signal can be processed, and a spectrogram can be generated.
Using a digital simulation of the detector modes, the spectra under the peak, average, quasipeak, and RMS detector modes are calculated. However, the record time trec is limited by the
available high-speed memory. Today, several hundred µs can be recorded, but the detector
modes, such as the quasi-peak detector, require a dwell time of about 1.5 s. The procedure for
such a measurement system is shown in Figure 3. With this type of system, the measurement
time can be reduced by up to five orders of magnitude. Clearly, the drawback to such a system is
the limited depth of the high speed memory. A continuous disturbance analysis as mandated by
CISPR 14 simply cannot be achieved with this system.
Real-Time, Time-Domain EMI Measurement System. To solve this problem, a real-time, timedomain EMI measurement system has been implemented.12 The measurement system performs
the signal processing in real time without the digitized signal. The digitized signal is processed
continuously. With currently available digital hardware, it is not feasible to calculate the STFFT
in real time over a frequency range of DC to 1 GHz. Consequently, the frequency range to 1 GHz
is subdivided into eight bands that are processed sequentially. The measurement procedure is
shown in Figure 3. All eight sub-bands are processed sequentially. Each sub-band is processed
in real time by the real-time, time-domain EMI Measurement System.
Digital Signal Processing
The digitized input signal of 2.2 GS/s is processed using a digital down-conversion unit that
consists of a digital I-Q down-converter followed by a polyphase decimation filter. The block
diagram is shown in Figure 4. The down-sampled signal is processed via a short-time fast
Fourier transform (STFFT) unit. The calculation of the STFFT is described by Krug et al.2 The
signal is multiplied with a Gaussian window function that models the IF-Filter of an EMI
Receiver. After the calculation of each individual FFT, the window is moved by the timestep Tsbb. With an overlapping factor of 75 percent, a baseband sampling frequency of 250 kHz is
achieved. With this technique, a spectrogram is calculated that shows a discretization in both
time and frequency. An example of such a spectrogram is shown in Figure 5. At a single
frequency ƒithe signal sbb(t) = S[ƒi; t] can be extracted. This signal corresponds to the
demodulated IF Signal of an EMI Receiver. At each discrete frequency, the signal is evaluated by
a digital detector (e.g., peak, quasi-peak, average, and RMS detector modes). To fulfill all the
provisions of CISPR 16-1-1, the IF signal must be provided by an analog output. The
signal sbb(t) is digitally mixed to a selected frequency, and a virtual IF signal is generated. The
virtual IF signal is converted to an analog IF signal by a digital-to-analog converter followed by a
bandpass filter.

Figure 4. Digital signal processing.

Figure 5. Spectrogram.

EMC STANDARDS
The CISPR 16-1-1 and ANSI C63.2-199613 standards require a continuous observation of the
input signal when a single frequency is selected. This requirement can be achieved by mixing the
signal into an intermediate frequency (IF), analog IF filter, or an analog detector. In Boss 14, it
has been shown that the quasi-peak detector can also be implemented using a digital signal
processing unit. Today’s EMI receiver implement even the IF filter as a digital filter. STFFT is a
signal processing method that performs a continuous signal processing. In Oppenheimer 15, it
has also been shown that the STFFT corresponds to a bank of N Filters where N is the number of
frequency bins. The requirements of CISPR 16-1-1, as well those of ANSI 63.4, can be met by
measurement systems that use the STFFT. Such systems must fulfill all the requirements listed
in the standards. A minimum spurious-free dynamic range of 40 dB for sinusoidal must be
achieved (CISPR 16-1-1). For single broadband pulses during a notch filter test, a minimum
spurious-free dynamic range of 36 dB must be achieved.7 An IF-overload factor, which
corresponds here to the dynamic range after the FFT calculation, must be at least 43.5 dB. The
use of an analog IF signal allows for the connections of a disturbance analyzer for measurements
per CISPR 14. A joint task force has been formed to adapt the standards CISPR 16-2 and CISPR
16-3 to time domain EMI measurement systems that are based on the fast Fourier transform.
Also, some minor changes to CISPR 16-1-1 have been discussed.
EMISSION MEASUREMENTS
An emission measurement of a laptop was performed. The measurement was carried out in the
quasi-peak detector mode. The emission measurement was performed using the multiresolution time-domain EMI measurement system. The result is shown in Figure 6. An excellent
agreement between the measurement performed with the EMI receiver ESCS 30 and the timedomain EMI measurement system was achieved.

Figure 6. Emission measurement of a laptop.

LONG-TERM STABILITY ANALYSIS
A long-term stability analysis is an evaluation method of the time-domain emi measurement
system that combines the spectrogram view method with CISPR compliant spectral calculation
and weighting with a detector mode. An application of this method is the investigation of the
device-under-test emissions for a longer period of several seconds. Other applications include
the real-time investigation of EMC measurements and the effects that the software of a deviceunder-test have on the emission.
During the dwell time, the continuous real-time spectral estimation is performed. One of the
eight sub-bands can be processed in real-time. A spectrum with a modelled IF bandwidth of 120
kHz in the Peak and Average detector modes is obtained. After the evaluation by the Peak or
Average detector during the dwell time, the detector is cleared and a new measurement is
initialized. In this way slow changing emissions can be investigated. The peak detector mode is
used to investigate EMI signals like bursts and pulse trains that show a strong instationary
behavior . The average detector is used to investigate slow changing narrowband emissions with
a lower amplitude level.
As an example of such a measurement, the emission of a laptop has been investigated. During
the measurement, a hard disc defragmentation tool was running. The result of the measurement
is shown in Figure 7. It can be seen clearly that a single emission that may be the result of the
hard disc access occurs about every second.

Figure 7. Long term stability analysis of laptop in peak detector mode.

The emission measurement was repeated in the average detector mode and with a different
polarization. The result is shown in Figure 8.

Figure 8. Long term stability analysis of Laptop in average detector mode.

During the measurement, it is shown that most of the narrowband emissions also exhibit
stationary behavior over a longer time.
Conclusion
We have presented a time-domain EMI measurement system. The emission measurement
system uses a floating point ADC to improve the dynamic range and real-time signal processing
to perform an evaluation of the EMI signal without any gaps. Because the requirements of
international EMC standards can be met using such a measurement system, conventional EMI
receivers can be replaced by using time domain measurement systems up to 1 GHz. Further
analysis methods, as well as the reduction of the measurement time by more than three orders
of magnitude, have been demonstrated. The additional information obtained by the timedomain EMI measurement system and the reduced measurement time can significantly improve
the quality of emissions testing.
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