Merjenje EMC

Mirko Ivancic
Amiteh d.o.o.




Emission Immunity = Susceptibility

» Conducted
* Hadiated

AVITEH
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EMC — emisije

CISPR radiated EMI test setup

1-4 meters above
ground plane

\I

Equipment
under test

Antenna

EMI receiver

Table is 80 cm high,
non-conductive

Ground plahe
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X-Series analyzer with N6141A
EMC measurement application

Device
under test

Agilent 11967D LISN

Limiter




EMC - odpornost

Directional
Coupler

Verstarker

Antenne

EUT

HF-Umschaltung

Injection Probe

Powersensor

_WE
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EMC — antene

Biconical antenna
(30 - 300 MHz)

Broadband antenna Log periodic antenna
(30 - 1000 MHz) (200 - 1000 MHz)

.
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- Major diameter = 2X —3p=

A

Minor diameter = /3 - X

B < X—F—> 0
Antenna EUT

Open Area Test Site (OATS) Y
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EMC — merilno okolje

GTEM celica
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Gluha soba
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Time-domain measurements

Display Info

Time-domain measurements include:

* Pulse rise and fall times,

* Overshoot

* Ringing

* Period and frequency

* Positive and negative width
*  Tmin, Tmax, Tvolt

e Channel-to-channel phase
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What is a spectrum?

\ A
Nj
S ~

Time domain Frequency domain
measurements measurements

A spectrum is a collection of sine waves that, when combined
properly, produce the time-domain signal under examination.
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Types of signal analyzers
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Swept-tuned, superheterodyne
analyzers (measuring receivers,
spectrum analyzers)

Fourier analyzers

Vector signal analyzers




Why measure spectra?
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Spectrum monitoring
* Government regulatory agencies
* Security

Electromagnetic interference
* radiated or
e conducted

unwanted emissions

TEMPEST




Swept-tuned receiver

Filter 'sweeps' over
A% range of interest

i CRT shows full
spectral display

L
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These analyzers "sweep" across
the frequency range of interest,
displaying all the frequency
components present.
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Fourier analyzers

Parallel filters measured

A4 simultaneously
CRT shows full
spectral display
/
>
. f
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Fourier analyzers take the time
domain information, digitize it, and
then perform the mathematics
required to convert to the
frequency domain, and display it.
The concept is as if there were a
bank of parallel filters measuring
the range of frequencies
simultaneously.

RANITER
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Measuring receivers

Measuring receivers are widely used in metrology and calibration lab
environments, spectrum monitoring and electromagnetic-compatibility
facilities.

Measuring receivers are used with calibrated antennas to

 determine the signal-strength and standards-compliance of
broadcast signals,

* investigate and quantify radio-frequency interference,

 determine compliance of a device with electromagnetic interference
and TEMPEST standards and regulations.

Measuring receivers are also used without antennas to
e Calibrate RF attenuators and signal generators.




Measuring receivers

NH53TX Key measurements include:

X-Series Measuring Receiver Frequency counter
Absolute RF power

Tuned RF level
TRFL with tracking
AM depth, FM deviation, PM deviation
Modulation rate, Modulation distortion
Modulation SINAD
Audio frequency
Audio AC level

Audio distortion
Audio SINAD

Auto carrier triggering
CCITT filters

Frequencies up to 110 GHz
Maximum information bandwidth 11 GHz
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Theory of Operation

RF input

attenuator IF gain IF filter

mixer

detector

Input
signal

Pre-Selector

>

1

og
Amp

Or Low Pass
Filter
local
oscillator _/\_
sweep
generator

Crystal @
Reference
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video
filter

1l

CRT display




Theory of Operation

Modern Spectrum Analyzer
Pre-amp IF filter | Dighalsignal Processing

ma iilng
4>>> Detectars

Attenuation

v

Filters
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Mixer IF gain IF filter amp detector by
I

Input
signal

Pre-selector, or
low-pass filter
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Video |
filter
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. oscillator | |
Sweep
generator Display
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Digital IF Overview

The All-digital IF

Custom IC

Anti-alias
filter o
Tl
r log - pwr r— lo
Ranging Hilbert I-:-E e I:-E
Prreilter PH O les transform log—+ log log - log
Autoranging ADC system
RISC processor
- [T
‘ : .
o— iog/in |—| o5 |—| Dispiay |
I — |
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Advantages:

Faster response/shorter sweep times
Better selectivity

Better bandwidth accuracy

Smaller gain vairation between RWBs
Preserves amplitude and phase info
FFT possible

Advanced display posibilities
Frequency counter

More accurate log amplifier

I
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Theory of Operation

Time Domain Scan

CISPRband C/D Stepped scan Accelerated TDS

30 MHz to 1 GHz 9 hours 46 seconds 6 seconds

Quasi-peak detector, one second
dwell time; 120 kHz resolution
bandwidth

Four antenna positions 36 hours 184 seconds 24 seconds

(Left and right sides / vertical and
horizontal orientations)

AVITEH
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Theory of Operation

Freq range

A| of analyzer
| |
-

Tsig f f
flo—Tsig fLo +fsig

o= tg * e

Freq range fsig = signal ferquency
A | of analyzer Freq range of LO f; o = local oscillator frequency, and
| f;p = intermediate frequency (IF)

flo f
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Theory of Operation

Resolving signals — Resolution bandwidth filter shape
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Theory of Operation

Ref @ dBm Atten 10 dB ef 18 dBm Atten 20 dB

Peak “eak '

Log T | | | ¥
16 L@

dB/ B/

/TN

\\
5

WL $2 W |
$3 FC ._,f/ 53 FC \\“\\
= AR
Ao sl w"""v F/‘// \
. Center 300 NHz Span 2 WHz Senter 300 Mz | Span 50 kHz
#Res BM 100 kHz #YBH 18 kHz Sweep 5 ms (401 pts) tRes BH 3 kHz #UBW 30 Hz Sweep 556.3 ms (461 pts)
Resolving equal-amplitude signals Resolving non equal-amplitude signals AVITEA
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Peak
Log
16
dB/

Hl 52
53 FC
AA

Ref @ dBm

Theory of Operation

Atten 16 dB

-3dB

[

/

/

l\ 60 dB

Y

e T A

\
-

\"—v’vwm

Center 306 MHz
#Res BH 18 kHz
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#YBH 100 Hz

Span 508 kHz

Sweep 406.2 ms (401 pes)

Merjenje EMC

Bandwidth selectivity:
ratio of the 60 dB bandwidth to
the 3 dB bandwidth.

Analog filters: 12,7:1

Digital filters: 4,1:1




Theory of Operation

Bandwidth selectivity

Filter skirt at a given offset is calculated as:
H(Af) = —10(N) log10 [(Af/f0)2 + 1]
Where: H(Af) is the filter skirt rejection in dB
N is the number of filter poles
Af is the frequency offset from the center in Hz, and

RBW
2V2U/N _q

fo =
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Theory of Operation

CISPR Bandwidth Requirements

Bandwidth I -6dB
' -20dB

Measurement Range CISPR Band CISPR Bandwidth

9 KHz — 150KHz A 200 Hz
150 KHz — 30 MHz B 9 KHz
30 MHz - 1 GHz C/D 120 KHz
> 1GHz E 1 MHz
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Theory of Operation

Sweep time

A Analog resolution filters
Ref -5.6 dBm Atten S dB . . _ .
Eggk Ref Level . IF flltgrs require finite times to charge
> [=5.60 dBm— i i i T ‘ i i and discharge:
dB/ | ‘ | Meas Uncal
Time in passband = (RBW)(ST)/Span
Sweeping an analyzer too fast causes a
V1 V2 drop in displayed amplitude and a shift
V3 FC .. .
aA in indicated frequency.
oy BH 1 Kip VBN 1 Kz sSweep 15 ns (401 by ANITER
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Theory of Operation

Detector types

llbinsll

15.03. 2023
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Positive detection:
largest value in bin displayed;
best for sinusoidal signal

Negative detection:
smallest value in bin displayed;
differentiates CW from impulsive signals

Sample detection:
value in the centre of bin displayed;
best for noise




Theory of Operation

Envelope detector
converts the IF signal to video (DC):

/‘-f-’\w\/v\\

_O. ;..

X

IF signal
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Theory of Operation

Ref @ dBm Atten 10 dB
#Peak

Log

dB/

LgAv

HL $2
S3 FC

£ L MAHLABULALHLAL R AL

Swp

Start 50 MHz Stop 5.000 GHz
#Res BH 1 MHz VBH 1 MHz Sweep 8.28 ms (601 pts)

Peak detector used
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Normal (,rosenfell”) detection — ,,smart“ detection

& Agilent
Ref @ dBm

Atten 10 dB

Theory of Operation

#Norm
Log
10
dB/

AC Coupled

LgAv

WL $2
$3 FC
AR
£():
FTun

Swo | w . uu uw L

[T HH\ WH 1l Il Il HH |

L u il

I

Center 6
Res BH 3 MHz

il
.

I
|

LUALTAT RN e

YBH 3 MHz

15.03. 2023

Normal mode

i

L il

(G M RGeS HOHR

A i

)l

Span 13.19 GHz
Sweep 22 ms (601 pts)

i Agilent

Ref @ dBm

Atten 160 dB

#Samp
Log
10
ds/

AC Coupled

LgAv

WL 32
S3RE
AR
£(:
FTun

Sup v il

] |

lu ‘ !

Center 6.60 GHz
Res BH 3 MHz

WBH 3 MHz

Meritve v RF spektru

Sample mode

Span 13.19 GHz

Sweep 22 ms (681 pts)_

B I TEH
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Theory of Operation

Average detection

* Power (rms) averaging averages rms levels

* \Voltage averaging averages the linear voltage data of the envelope signal

* Log-power (video) averaging averages the logarithmic amplitude values (dB)

EMI detectors: average and quasi-peak detection (QPD)

» envelope-detected signal passes through a low-pass filter with a bandwidth much
less than the RBW; the filter integrates (averages) the higher frequency
components such as noise.

 The measured value of the QPD drops as the repetition rate of the measured
signal decreases.




Theory of Operation

Quasi-peak detector output
varies with impulse rate

| Quasi-peak detection
Quasi-peak Quasi-peak

Peak response detector reading detector response As the impulse repetition rate
increases, the quasi-peak detector
does not have time to discharge as
much, resulting in a higher voltage
output
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Theory of Operation

Pulse Weighting Characteristics of several Detectors in CISPR Band B

10 T T T T T T T
PK

Relative Indication [dB]

_40 1 1 1
1 10 100 1000
Pulse Repetition Frequency [Hz]

15. 03. 2023 Merjenje EMC 33




Amplitude and Frequency Accuracy

* Input filter/preselector

Preselector — a tunable band pass filter —is used in the higher frequency
bands has a larger frequency response variation, ranging from 1.5 dB to 3 dB.

e Mixer and the local osci

- both add to the frequency response
uncertainty. Some spectrum analyzers

T ) +0.5dB
have a band switching uncertainty

llator

Frequency response

Signals in the same harmonic band




Amplitude and Frequency Accuracy

* Absolute amplitude accuracy

Absolute frequency response specification is referenced to built-in calibrator
amplitude and frequency.
Specifications of a variety of different spectrum analyzers:

Amplitude uncertainties (+dB)

Relative
RF attenuator switching uncertainty 0.18 to 0.7
Frequency response 0.38 to 2.5
Reference level accuracy (IF attenuator/gain change) 0.0to 0.7
Resolution bandwidth switching uncertainty 0.03to 1.0
Display scale fidelity 0.07 to 1.15
Absolute

Calibrator accuracy 0.24 to 0.34




Amplitude and Frequency Accuracy

Improving overall uncertainty

* Sources of uncertainty can be considered independent variables — calculate the root sum
of squares (RSS) error.

* Do the measurement without changing unecessary setting.

* Use a power meter and compare the reading of the spectrum analyzer at the desired
frequencies with the reading of the power meter.

* Use more accurate calibrator, or one closer to the frequency of interest.




Amplitude and Frequency Accuracy

Specifications, typical performance, and nominal values

Specifications — 100% of the units tested will meet the specification.

“2 sigma” or 95% confidence value — not all units meet the specification.
Typical performance — 80% of the units exhibit with a 95% confidence level.
Nominal values — generaly are not tested during the manufacturing process.




Amplitude and Frequency Accuracy

The digital IF section

» Digital IF architecture eliminates or minimizes many of the
uncertainties experienced in analog spectrum analyzers:

* Reference level accuracy (IF gain uncertainty)

* Display scale fidelity — no log amplifier; however, other factors, such as
RF compression (especially for input signals above =20 dBm), ADC
range gain alignment accuracy, and ADC linearity (or quantization
error) contribute to display scale uncertainty.

* RBW switching uncertainty — minimized with excelent repetability and
error compensation.




Amplitude and Frequency Accuracy

Frequency accuracy

For absolute frequency measuremens a typical readout accuracy might be stated as
follows:

t[(freq readout x freq ref error) + A% of span + B% of RBW + C Hz]

When making relative measurements, span accuracy comes into play, e.g. 0,5% of span.

Marker count accuracy might be stated as:

+[(marker freq x freq ref error) + counter resolution]




Sensitivity

The limitation in search out and measure low-level signalsis the noise
generated within the spectrum analyzer itself, commonly referred to as the
Displayed Average Noise Level, or DANL

noise energy = kTB

At room temperature, the noise power density normalized to 1 Hz BW is —174 dBm/Hz.
We get the lowest DANL by selecting minimum (zero) RF attenuation.
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Sensitivity

= Agilent BW/Avg . .
Displayed level changes with RBW:
gef -15 dBm Atten 5 dB % amggas&u
eak i z
Log [\ ¥ |l Auto Man!
19 / \ Video B 10 |0g (BWZ/BW].)
dB/ 3.00000000 kHz
/ | \ Auto Man
/ VoH REH BW1 = starting resolution bandwidth
/ Ut Han BW2 = ending resolution bandwidth
/ Average
P 0 ot
- - S n —— . .
vl 1/ N AT Video filter does not affect the average
A B A & it vapteentf | Videor noise level and so does not affect the
2 i A has AP i kA b AR L WA M 5 A da L — e e .
LGN LA A 0 B i St Bt ALY AR e i A ENI Res B, sensitivity of an analyzer.
one
Center 1 GHz Span 10 MHz
#Res BH 30 kHz VBH 3 kHz Sweep 90.95 ms (401 pts)
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Preamplifiers

With appropriate preamplifier in front of the spectrum analyzer, we can
obtain a system noise figure that is lower than that of the spectrum analyzer
alone and we can improve system sensitivity.

If NFpre + Gpre > NFsa + 15 dB,
Then NFsys = NFpre— 2.5 dB
And

If NFpre + Gpre < NFsa— 10 dB,
Then NFsys = NFsa — Gpre

15. 03. 2023

NFga— Gpre + 3 dB

NFgp — Gy + 2 dB

System Noise

Figure (dB) ~ NFsa—Gpre+ 1dB

NFSA_ Gpre

Merjenje EMC
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NF, — 2 dB
NF,,,— 25 dB

RANITER
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Mozne resitve za EMC merjene

Programska oprema olajsa nastavljenje
merilne opreme

£ Rocoives - [requency Scan
oy L 5 ] N 01:32-44 PMFab 09, 2011
Select Signal 0 FREQUENCY SCAN  Scan TRACE
Trig: Free Run > TyPe
Aten: 10 dB i

Itk
i

il
i

oth Ly

Ref 106.99 dBpV

A\ K
Sl AT | 9
i s

el l"“""f."‘ﬁ%?"“w ;

| ¥ ____J
Start 150 kHz Stop 30 MHZ
Res BW 9 kH2 VBW 90 kHz Dwell Time 382 pus(4.5 kHz)

f RSA5000 series

20 " Real-time Spectrum Analyzer

usg STATUS t DC Coupled
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Hvala za pozornost!
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