EMI Diagnostics

Using the Real-time Signal Analysis Technology

......

W\ ‘_
Discover and View Signals Like Never Before

insight| Tektronix:



I Information about this seminar

Abstract:

— EMI Diagnostics Using Real-time Signal Analysis Tec  hnology-
Historically developed methods of measurements have limitations in
today's complex signal environment. See how the new capabilities of
RTSAs can be used to reduce troubleshooting time in EMC diagnostics.

Supporting Content:

Latest information on Tek.com:
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I Agenda

Historical perspective of EMC
— Limitations of historical methods

EMC Filter and detector definitions and effects
— Implementation
— Advantages and limitations

Examples using the Real-time Technologies in EMI diagnostics

Conclusions
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I EMC Historical Perspective

Spark-gaps, huge bandwidths and nobody cared about EMC
— Until there were >1 transmitters

Broadcast transmissions and the rise of the electric society
— Many sources of EMI (motors, generators, cars, broadcasts)

If | can’t hear it or see it, does it matter?
— Current methods intended to minimize audio and video problems

Momentary infrequent noise DOES matter to modern systems
— Packet-based systems lose a whole packet and may need to re-sync

— Current measurements may be within specification, but cause your own
system to fail from internal interference

. insight| Tektronix:



What's the New Problem?

Modern system may include multiple noise sources, intentional radiators and multiple
receivers in close proximity

Transient noise can cause interference with integrated communications in a design
Designs can meet regulatory EMI requirements but still not work correctly
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I Modern Radio Signals — the unintentional signals
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I However, the Old Problems Must Still Be Solved

Comparable results require agreed-upon tools

Standards Bodies define receivers in terms of
— Frequency range
— Resolution bandwidth
— Detectors and averaging
— Accuracy, sensitivity and dynamic range

Requirements vary by geography and application
— CISPR, ANSI, TELEC and MIL
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Basic Measurement Settings for EMI

Frequency ranges are defined

Resolution bandwidths and shapes are defined

Frequency Range

Bandwidth (6 dB)

Reference BW

Frequency Range

Bandwidth (6 dB)

9 kHz to 150 kHz

(Band A) 100 Hz to 300 Hz 200 Hz

0.15 '\?BH;ntg g? MHz 8 kHz to 10 kHz 9 kHz

30(2;/'61'*”3;0 2000 '\[;')HZ 100 kHz to 500 kHz 120 kHz
1 GHz to 18 GHz 300 kHz to 2 MHz 1 MHz

(Band E)

Table 1. Measurement Bandwidth versus Frequency
specified by CISPR 16-1-1.
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30 Hz to 1 kHz 10 Hz
1 kHz t010 kHz 100 Hz
10 kHz t0150 kHz 1 kHz
150 kHz to 30 MHz 10 kHz
30 MHz tol GHz 100 kHz
Above 1 GHz 1 MHz

Table 2. Bandwidths versus frequency specified for peak,
average and RMS detectors by ANSI C63.2.

Frequency Range

Bandwidth (6 dB)

10 Hz to 20 kHz

10, 100, and 1000 Hz

10 kHz to 150 kHz

1 and 10 kHz

150 kHz to 30 MHz

1 and 10 kHz

30 MHz-1GHz

10 and 100 kHz

1 GHz to 40 GHz

0.1, 1.0 and 10 MHz

Table 3. Bandwidths versus Frequency specified by Mil-STD-461E.
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Measurement Settings:
Bandwidth Effects

Analyzer with selectable -3 dB (RBW) and Random noise measured with 100 kHz filters.
-6 dB filter definitions, 1 dB/division -3 dB, 100 kHz response in yellow,
-6 dB, 100 kHz response in blue.
The power difference is 1.54 dB, in close
agreement with the theoretical value.

10*Log,o(BW1/BW2), or 10*Log(71/100) = -1.5 dB difference from using wrong BW
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Measurement Settings:

Peak, Average and QP Detectors
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Detectors were designed to place emphasis on frequently occurring signals
that would annoy a listener or viewer of broadcast communications

— Now that communications are bursted and digital, these detectors no longer
measure the effect of EMI on communications very well, but regulations are very

slow to change

Originally, the QP detector really was a RC circuit and a voltmeter, now it is

implemented digitally

Characteristics

9 kHz to150 kHz

0.15 MHz to 30 MHz

30 MHz to 1000 MHz

(Band A) (Band B) (Bands C and D)
Bandwidth (6 dB) 0.2 kHz 9 kHz 120 kHz
Detector Charge Time 45 ms 1ms 1ms
Detector Discharge Time 500 ms 160 ms 550 ms
Time Constant of Critically Damped Meter 160 ms 160 ms 100 ms

G

Sin PN R1 S1
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1
The Quasi-Peak Detector and Associated Voltmeter
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Measurement Settings:

QP Detector and Meter Response
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Characteristics

9 kHz to150 kHz

0.15 MHz to 30 MHz

30 MHz to 1000 MHz

(Band A) (Band B) (Bands C and D)
Bandwidth (6 dB) 0.2 kHz 9 kHz 120 kHz
Detector Charge Time 45 ms 1ms 1ms
Detector Discharge Time 500 ms 160 ms 550 ms
Time Constant of Critically Damped Meter 160 ms 160 ms 100 ms

Characteristic of Quasi-peak Detector versus Freque
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I Measurement Settings:
Detector and Meter Response

Average or QP+ Meter is always Peak measurement
Measured CW power are equal for Average, QP and Peak detectors

Peak Response %
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Measurement Settings:
Video Filter

Video filtering was the original trace smoothing technique to reduce
variations in signals

Specified ‘off’ or ‘not used’ for all but TELEC

Widely used for many other SA applications
— Sometimes yields faster smoothing compared to waveform averaging
— Has the disadvantage of no intermediate results compared to waveform

averaging
— Required by many legacy measurements, and preferred by many SA
users
Standards VBW Requirements Analyzer VBW Setting
CISPR VBW not used Maximum value or disabled
TELEC VBW = RBW or VBW 3*RBW VBW = RBW or disabled
MIL Greatest value or not used Maximum value or disabled

Video Bandwidth Requirements Specified for EMI Meas  urements
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Advantages and Limitations

Built-in transducer tables, spurious search routines can be used in pre-
compliance applications as well as diagnostics

— Log sweep and multiple measurement ranges reduce the need for external
software in occasional use, external software recommended for extensive testing

RTSAs can achieve faster results than conventional swept analyzers in
some cases, but is slower in others
— Much faster in sweeping a range of frequencies with QP detector

— No ‘zero span’ method of detection means slower single point measurements
< Fail Normal [ﬂ}

@ 100.00 dBuy

« defdiv:
10.0 de

0,00 dBuY CISPR: Analyzing: 24%

Autoscale | o Start: 30.00 MHz = Stop: 1,000 GHz
Freq &bs s | Rel  Limit &bs Limit Rel
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I Advantages and Limitations

The RSA5000/6000 Series Spectrum Analyzers are not a CISPR-
compliant receiver

— Dynamic range and sensitivity is insufficient for compliance tests

— Dedicated receivers are recommended for this compliance test

Diagnostics are the RSA strength
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An Example of EMI Diagnostics

Embedded system with frequent hard-drive access during some
modes of operation

Markers | Settings|| Trig || Aca J| Anz | = Freq: 151.1 MHz
v on

<

EiF
o1 | 'Span

‘o | 110.0P00088 HHz

Autoscale

— Transient EMI missed in peak scan with swept analyzer (yellow trace),
found after 1 minute of Max-hold (blue trace) while DUT was cycled
through disk-cache operation.

— Infrequent transient discovered with DPX after 5 seconds. The red areas
are frequently-occurring signals, and the blue and green portions are
transients.
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I Signal Discovery:
DPX® Transform Engine

36373! ,0 89 ! ,0 1551 0
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I Discovery
EMI Debug — Seeing Signals within Signals
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I Discovery
EMI Debug — Impulse Transients

U -6.00 dBm

o dB/div:
10.0 dB

~ REW:
200 kHz

] VBW:

-106.00 dBm
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I Discovery
Swept DPX

& CF: 10000 GHz & Span; 60.0 MHz
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Real-time Signal Analysis

DPX now applied to multiple domains
— Amplitude, frequency or phase vs. time

' #" 3
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I Real-time Jitter/Phase Noise:

- 1 GHz carrier with 0.4 degrees peak-peak noise in 10 kHz RBW
- Jitter Equivalent 1.11 ps
- Random noise contribution of fan noise?
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I Real-time Jitter/Phase Noise:

Sensitivity to touching triple shielded cable
(with captivation holes on connecters!)
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Signal Isolation:
Triggering

Why do you trigger?
—  Efficient use of Captured Memory

— Time correlation of events

How do you trigger?

—  Power trigger

—  External event trigger

—  Frequency Mask Trigger (FMT) Trigger latencies:
* Real-time band power, frequency edge, time-qualifie d

—  Statistical Density trigger (21 ns) — allows frequency selective band power
triggering or power level threshold triggering with resolutions to
(<7ns)

—  Time-qualified » Frequency Mask Trigger — selective isolation, event triggering

in Frequency Domain — user-defined and independent of
environment (up to 73dB) (~10.3us)
— Frequency Edge * Density Triggering — based on statistical occurrence (< 50ms)
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I Troubleshooting Techniques
Density Trigger®

Trigger on the statistical properties of signals when you see them
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I Capture with Frequency Mask Trigger,
Then Fully Analyze
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I Application:
EMI Debug — Impulse Transients
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I Conclusions
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The RSA5k/6k are great diagnostic tools for EMI — it is DPX, swept

DPX, and unique triggering functionality that makes the difference, not
the EMI filters/detectors

— Signals have changed, and having the filters and detectors is not enough

Hopping, bursting and modulated signals that cause VERY low
response to average or QP detectors are present in many designs
— They may even be missed by a peak detector if they are very infrequent

— These signals might pass a compliance test, but could cause problems in
your own equipment or others

DPX® is the way to diagnose these signals

Real-time Triggering is the way to capture and fully analyze these
signals
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ITektronix Spectrum Analyzers
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Thank Youl!

RTSA — Discover... Analyze
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