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Efficient EMC Testing Improves Revenue

Benefits both Compliance Test Houses and Manufacturers

Compliance testing
— Chamber time is limited resource

— Reducing test time improves efficiency
and profitability

Precompliance testing

— Rapid diagnosis of early designs speeds
time-to market, facilitating product sales
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Factors Affecting EMC Test Times

Many factors affect both Compliance and
Precompliance Test times:

Device Under Test (DUT) setup time

Receiver/ Spectrum Analyzer Scan times

Turntable and Antenna movement times

Suspect frequency analysis #5 3

++4 0T

-..,,; -----
 Final Measurement ++++1000E I % =

O teaessa RNV ET |

_ -H*/“#;u i o~
\ * Report Generation B - “i‘




Presentation Will Discuss Tools Used to
Speed up Suspect Freqguency Analysis

Mkr1 498.285 MHz
-45.522 dBm

Spectrum
Analysis

Ref 106.99 dBpV Pea QP
Max 58.81 54.88

IF Spectrum
Monitoring

Span 10 MHz 22.51 50.93
Meas Time 26.85 us dBuv




Agenda

« Suspect List Analysis

— What are suspect emissions and why do we have
to analyze them?

« Emissions Prescan Measurements
— Benefits - why we make them

— Challenges — errors associated with prescan

« Solutions to Speed Up Suspect List Analysis
— Spectrum Analysis

— |IF Spectrum Monitoring
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But First....What are Suspect Frequencies?

* Frequencies measured during fast (.
prescan that may fail final measurements

to CISPR limits Mkr1_162.46907 MHz

Prescan
Display

Suspect
List

Ref 77.00 dBpV 38.583 dBupV

VBW 1.2 MHz #Dwell Time 100 ys( 120 kHz)

SIG TRC FREQ PEAKAMPTD QPD AMPTD EAVG AMPTD PEAKLLTA QPD LL1A EAVGLL1A =
6 |M|1 |14675MHz [41.423dBwV |-— |- @ |[iicsds |- - |
W |1 16247 MHz [38583dBwV |— |- = |1417dB |- = |- |
8 |W|1 |627.72MHz |46.545dByV |- |-  |0455dB |- |- |

9 |M|1 [873.77 MHz [49.2906dBWV |- |- = |oecds |- 0 |- @ B
10 [W|1 [87545MHz [45.104dByV _ |-— |- = |1896dB |- |- |
11 W1 {90425 MHz [47618dBWYV __|— |-  [0oi0ds [ | -




Why do | Need to Analyze Suspect Frequencies?
V\(/jhy ce?n’t | just
« CISPR requirements ety scar,

- Must maximize the signal and record
azimuth and antenna orientation

- Must ensure that you are measuring at the
frequency of maximum emission

- Must monitor emission Quasi-Peak (QP) amplitude to
capture maximum value

* |f not constant, users must monitor QP value for 15 seconds or
more (as per CISPR 16-2-3, section 6.5).

« Amplitude and frequency errors associated with
prescan methods.
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Agenda

« Emissions Prescan Measurements

— Benefits - why we make them

— Challenges — errors associated with prescan




Prescanning Reduces Overall EMC Test Time

 What is Prescanning?
— Methodology used to reduce overall EMC test time

— Scan target frequency range with Peak detector to
identify frequencies where emissions exist

— Peak detector significantly faster than weighted detectors

Signal Detection (Prescan)

« Recommended by CISPR }
. : Data Reduction
— Specifically to reduce test time (suspect list)

\ 4
Emission Maximization and
final measurement

Recommended
CISPR Test Flow

Post-processing and reporting
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Prescan Saves Time for Both
Compliance and Precompliance Testing
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How Does Prescan Save Test Time?

* Focus final measurement efforts only on frequencies with
emissions above or near the limit line

Mkr1 162.46907 MHz
Ref 77.00 dBpV 38.583 dBupV

Need to measure here

________ @ Detected
___________ Values

No need to measure here
Start 30 MHz Stop 1 GHz

Res BW 120 kHz VBW 1.2 MHz #Dwell Time 100 ps( 120 kHz)

S1G TRC FREQ PEAK AMPTD QPD AMPTD EAVG AMPTD PEAK LL1 A QPDLL1A EAVGLLTA =
Sus pe (Ml |6 W[1 [14675MHz [41.123dBwY [~ [ [iioias [ [
W |1 |16247 MHz [38683dBwYV |— |- = [4417dB [ = [ |
8 |M|1 |627.72MHz [46645dBuV | — |- = |0466dB [ = [— |

1 _|873.77 MHz [49.296dBwV_ [— [  [2oocas |- 0 [-
875.45MHz [46.104dBpV_ [— |- = [1.896dB [ = [— |

904.25 MHz [47.618dBuV__ [— | 0.618dB |




How Does Prescan Save Test Time?

 ldentify suspect frequencies more quickly
by scanning with a peak detector.
— Scanning with CISPR weighted detectors

(Quasi-Peak, EMI Avg and RMS-AvqQ) slow
due to defined charge and discharge times

Specified minimum scan times, as stated in CISPR 16-2-3

Frequency band ‘peak detection quass peak detection
A 8 kHz to 150 kHz 14,1 2 820 s = 47 min
B 0,15 MHz to 30 MHz 2,085 5 5 470 s = 09,5 min = 1 h 30 min
CandD | 30 MHz to 1 000 MHz 0,87 s 10 400 5 = 323,3 min = 5 h 23 min
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Why Is Scanning with Peak Detector Allowed?

« Peak values will always be equal to or larger than the
Quasi-Peak (QP), EMI-Average or RMS-Avg detected values

« |f a peak value is over the limit (or margin), further
measurement should be done with CISPR detector

Mkr1 500.01 MHz ~ Frequency 500 MHz

Ref 77.00 dBpV 64.849 dBUV g o5 3922

Example:
Peak value

above QP limit

500MHz pulsed RF
5us pulse width
100ms pulse period

Ay

Start 495 MHz Stop 505 MHz 6494 3922
R #Dwell Time 100 ms (30 kHz)

QP Limit

QP value
below QP limit




Challenges with Prescan

« Amplitude and Frequency Errors due to:

— Amplitude or frequency modulation on
detected signals

— Recelver / Spectrum Analyzer
sweeping/stepping
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Signal Modulation Affects Measured Prescan Level

FM deviation = 5 MHz

.. ]
Emission| 4 ) Assume a 500MHz
.y e emission with AM and
o | R )
AM E .............. FM modulation
________________ :._________ _______._________._________-_______._._._::_'_'_u‘
| |
| |
| |
| |
1 ; ] >
500 MHz i
- 1 Mkr1i 500.01 MH=z
Receiver Display Ref 77.00 BV 64.849 dBuV

Range of measured
amplitudes displayed

i
i
i
i
i
|
!
depending on intersection of i
. . . |
receiver scan and emission |
i
!
| | | | | |
| | | | | |

modulation

Receiver display buckets

Fay

Start 495 VIHz Stop 505 MHz = ) .
Res BW 120 kHz VBW 1.2 MHz #Dwell Time 100 ms ({30 kHz) M‘ LIVE E



Prescan Errors due to Modulation on Emission

Ref 76.99 dBpV

Input:
500 MHz with FM
and AM modulation

VBW 1.2 MHz

Start 30 MHz
Res BWW 120 kHz

SIG TRC FREQ PEAKAMPTD QPD AMPTD EAVG AMPTD

50060MHz 57.929dBwV |~ |- |

—

Frequency List Entry

» w/o0 addition analysis,
measurement would be
made at this frequency

#Dwell

PEAKLL1A

Mkr1 500.60119 MHz

Modulation on emissions
signal can indicate false
peak frequency in signal list

57.929 dBpV

’1

Stop 1 GH
Ref 86.99 dBpV

Detalil analysis indicates
emission measurement really
needs to be made here

MK Prescan indicated
peak occurs here

Trace 1 Pass

Max emission
envelope due to AM
and FM modulation

Wik il

Res BYW 10 kH=z Meas Time 268.
PEAK AMPTD

SIG TRC

FREQ

QPD AMPTD

EAYG AMPTD
M |1 |500.60 MHz [57.929dBuV __ |— = |— = |0]
- | ] | |



Challenges with Prescan

 Amplitude and Frequency Errors due to:

— Amplitude or frequency modulation of detected
signals

— Receiver / Spectrum Analyzer sweeping/stepping




How Modern Receivers Display Amplitude
Levels per Frequency Step...

Receiver Display

Midpoint of Mkr1 500.01 MHz
each bucket Ref 77.00 dBpV 64.849 dBuV

3 / \4 3 Midpoint of

each bucket Max detected
ffffff . values displayed in

center of each

AAAAAA é bucket
Emission ' '
Signal
< step —
<« step — size
size or Stop 505 MHz
or “bucket” #Dwell Time 100 ms {30 kHz)
“‘bucket” < Span .
. . . Number of
Receivers display amplitudes meastrement = (Span/ step size)+1
and frequencies in display “buckets” points
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Prescan Amplitude and Frequency Errors
When Using a Stepping Recelver

Receiver Resolution Bandwidth Amp“tUde and Frequency

fixed at center of bucket errors occur when
) Recelver Bandwidth not
g querfeequency centered on emission
% or Erlror
=

Amplitude
Error

, : Max errors occur when
e A S -— emission is half-way
' ' between bucket centers

Emission

!
l | | | .

I
I bucket frequency
center |
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Prescan Amplitude and Frequency Errors
When Using a Stepping Receiver (cont.)

Max errors occur when
emission is half-way between : :
Receiver Display

bucket centers

Ref 77.00 dBuV

N .
= Emission —
= i Emission
& displayed in two
""""""""""""""""""""""""""""""" y buckets
Upto 6 dB
amplitude
— :
frequenc
g y 2 Stop 505 MHz
Time 100 ms (30 kHz)
Af i Af

Afie—— Max Frequency Error = %2 step size ——
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Prescan Amplitude and Frequency Errors
When Using a Swept Recelver

Amplitude displayed | | « Sweeping captures emission value

& at center of bucket within the bucket
= " Frequency : :
E Error « Frequency error due to displaying

amplitude in center of bucket

Sweepin . [+ Swept RBW captures
RB\?V ’ amplitude of emission
i at edge of bucket

| l | | '
. frequenc

bucket <+—hucket size— g y

center

Emission located on boundary

between two buckets EMC I-I V E E




Prescan Amplitude and Frequency Errors
When Using a Swept Recelver

Receiver Display

error

_________________________________________________

Bucket edges
/ l \ Ref 77.00 dBpV
. . 0dB amplitude

Emission
displayed in
two buckets

Emission

frequency

Btart 495 MHz Stop 505 MHz
Res BW 120 kHz VBW 1.2 MHz #Dwell Time 100 ms (30 kHz)

Af Af Max Frequency Error |
: = Y step size

-




Example: Amplitude and I orouemimeasurementpon
Frequency Errors using I /
120kHz CISPR RBW
;_I_' frequenc>y
Stegﬁ’v‘;‘;f‘ e Stepped Swept [T

# Meas. Max Max Max

per Step Size Frequency Amplitude Amplitude

RBW Error Error Error

1 120 kHz 60kHz 6 dB 0dB

2 60 kHz 30 kHz 1.2 dB 0dB

3 40 kHz 20 kHz 0.5dB 0dB

4 30 kHz 15 kHz 0.3dB 0dB




Decreasing Step Size:

Tradeoff Between Error . improves accuracy

Magnitude and Test Time | « adds data points

* [ncreases scan time
( # of points x dwell time)

Stepped and
Swept Swept 30MHz — 1 GHz
# Meas. Max Max Max Scan_Time
per Step Size Frequency Amplitude Amplitude using
RBW Error Error Error 10ms dwell
1 120 kHz 60kHz 6 dB 0dB 80 sec
2 60 kHz 30 kHz 1.2 dB 0dB 160 sec

3 40 kHz 20 kHz 0.5dB 0dB 242 sec




Agenda

« Solutions to Speed Up Suspect List Analysis
— Spectrum Analysis
— |IF Spectrum Monitoring
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Swept Spectrum Analysis versus IF Spectrum Monitoring

Swept Spectrum Analysis: IF Spectrum Monitoring:

- Local Oscillator (LO) - LO fixed at display center frequency
swept to generate

. - spectrum generated using FFT
spectral display P J J
Modern receiver block
diagram with Digital IF

Reference

Oscillator SCEGP/SWteep
Synthesizer enerator
Local jl_ Digital IF
Oscillator \/\ A | | |
. [ \
RF Section / IF Bandwidth \ Video

4 Display
D_’ % 4’@ ¢<ADC

Input
RF Input  Pre-selector ~ Down-
Attenuator conversion
5 or 10 dB Steps
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Spectrum Analysis
Offers
Excellent Flexibility

Ref -20.00 dBm

’1
Max Hold Trace

M I

Peak
Trace

Center 500.00 MHz

Res BW (CISPR) 120 kHz VBW 910 kHz

— Benefits
« Multiple Traces

* Broad range of resolution
bandwidths, including CISPR
RBWs

« Wide Spans available
Wide range of detectors
Markers

Analog Demodulation

« Concerns:
— Sweeping Weighted detectors is slow

« More difficult to identify max
amplitude and frequency of
weighted detector response

(needed for limit testing)

Span 20.00 MH32

Sweep 2.264 ms (1000 pts; E M C Liv E E



IF Spectrum Monitors Offer
Both Active Span and
Weighted Detector Display

LO fixed at center
frequency

| actlvely update
| URRETRL e RNy | S e e L
& ."
N I I“u"n“ ﬂl ] |
Il |u| '|Jr |l| II# _.llLrJI |I.| 'dl |L..| | lll" L .lI LI '.J‘ / Wt has .J| I*..:IlLll ILII JI””|__.u |IJ‘|I |’Lr

Center 500 MHz Span 10 MHz 22.51  50.93

Res BW 100 kHz Frequency display Meas Time 26.85 HS dBl.lV
generated with FFT

— Benefits:

— Active span and weighted detector
amplitudes simplifies maximization

— Multiple Traces

— Markers

Analog Demodulation

Concerns

— Narrower spans (10MHz typically)
— Narrow range of RBWs (no CISPR)
— Sample detector only

Welghted Detectors

EMC LIVEE



Mkr1 499.99938 MHz

10dBidiv  Ref 106.99 dBpV 58.056 dBuV U se TOO | S '[O

Log |

Update Frequency

g7.0

List Prior to

i Prescan Emission _
B Frcquency ‘Estimate’ | Final Measure

47.0 — —

70 |ﬁef 106.99 dBj Mkr1 497.51549 MHz  Feak  GF
(O gordn 62.599 dBuV Max 68.09 68.07

|--' LRl dl o B : l
lJ”“llh “..lIllIILI T - o Frequency Of MaX

20

17.0

Start 30 MHz | Emission identified with

Res BW120k™ =

516 TRG PEAKAMPTD
(0N 1 [500.01 MHz |!8.056 dBuV

IF Spectrum Monitor

ha rd

List ready for final i il s s o
measurementl r497.5154/ /1 MHz Span 10 MHz 22.70 59.35

¥ 100 kHz Meas Time 26.85 s dBuv

TRC, PEAKAMPTD QFD AMPTD EAVG AMPTD PEAKLL1A QPDLL1A EAVGLL1A
- 1497.62 MHz |- -
I
EMC LIVEH




Modern EMI Measurement Tools Contain Both

Prescan analysis tools widely available

« Compliance Recelvers
— spectrum analysis built-in
— IF analysis tool available standard or as option

 Precompliance Spectrum Analyzers
— IF analysis tool available as option
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Prescan Analysis Tools
Improve EMC Lab Efficiency

Prescan Analysis Tools:

» Facilitate suspect list analysis

« Enhance measurement accuracy

— ldentify frequency of maximum emission

* Improve testing quality

‘*”'

++++t++ 4ttt

 Reduce overall test time
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EMCLIVEH

Thanks for attending!

Don’t miss our Test Bootcamp!
November 16, 2016
www.emclive2016.com



