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Very-Near-Field Solutions to EMC Compliance
Problems — Real World Case Study
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Introduction to Very-Near-Field

Far-Field / Near-Field / Very-Near-Field



What is Very-Near-Field?

Radiating Near Field
A/2m <d < 2D%/2
or Far Field
- 2
» What we call the very-near- 0.62/D3/A<d < 2D*/A grz 2D2/2
field is the reactive region — d>102
. . . - ] \
@ Interaction with device under
test is unavoidable Reactive Region
gr< A/2m N

d <0.62+/D3/2
@ These are rules of thumb only




Far-Field (Chamber) Measurements

Controlled somewhat repeatable tests
Compliance or compliance like results
Slow test time with possible queues for chamber time

No information about location of emissions
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Very-Near-Field Measurements

Origin of all emissions

Insight into root causes

Best applied at board level

Possible to extrapolate far-field from very-near-field
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Not repeatable and difficult to get whole picture




Very-Near-Field Implementation

A Better Solution



Scanning Array of Probes

1218 probesin a 29 x 42 array
Magnetic field loop probes

— Sensitive down to -135 dBm

— Inefficient for EMI isolation

— Broadband

@ 7.5mmto 0.12 mm resolution

Scan area 21.8cm x 31.6cm
Real-time measurements ( <1 sec)




System Configuration

Software Application
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Spectral Scan

o Identify the frequencies of emission

Spectral (Compensated )

Amp [3.0 to 78.9 dBuV] Freg [10.000 to 100.000 MHz]
Resolution Bandwidth: 100.0 KHz
Attenuator Value: 0 dB
Scanner Module: ISM-L4G-Xi-M7, 29 X 42
Date: 4/22/2010 9:13:22 AM
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Spatial Scan

Visualize where the emissions are coming from
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Debugging an Optical
Networking Unit

Case Study courtesy of

<
P,
SEMTECH



Optical Networking Unit

o Passive optical network (PON)
» Onboard bi-directional optical subassembly (BOSA)
o Converts Wired LAN traffic to Optical Network




Introduction

A SEMTECH customer is having difficulty achieving the required EMC
performance

Far field measurements in a chamber identified components that
failed to meet requirements from their end customer.

For GPON traffic the board will pass the directive, but EPON traffic
fails.



Chamber RE

@ GN25L95 (ONU) with power on
@ No data between GN25L95 and MAC

Level in dBp\WY
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Chamber RE

@ GN25L95 with power on
@ Full EPON data between GN25L95 and MAC

Level in dBp\Y
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Analysis
When MAC sends GPON PBRS23 to GN25L95 the RE test passes

When running SmartBit dataflow the RE fails

Changing RC filter near BOSA has some benefit but not enough



Questions

The radiation source is not at a GN25L95 frequency. Is it coming
from MAC?

How is the MAC radiating? Does it go through the GN25L957
Is the BOSA pin radiating? Energy here would be high.

Other options are burst control line, laser driver circuit or RF traces



Change Layout and Test in Chamber

Cut traces 10nF local Fit 33R here instead.
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May be better to not fit this resistor.



Very Near Field Test Activities

1. Whole board (bottom layer) tested to identify magnitude and location
of emissions.

2. Region of interest (top layer) around the Tx leads , tested for spectral
emissions . The whole board is tested for spatial scan.

3. Recreate the far field results and try to locate the source of highest
spectral content for each test pattern.



Test Conditions

Input data rate : 1.25Gbps

Wavelength : 1310nm

Input data pattern : Continuous Waveform (CW), PRBS2/23-1,
PRBS277-1, All Ones 8b10b, All zeros 8b10b, Idle (1010) 8b10b, Jitter

8b10b.



Test Setup
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BOSA On Board — 2 layer PCB
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Scan Conditions — Bottom Layer
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140 probes (in red) activated for both Bottom view of 2 Layer BoB Design
spectral scan and spatial scan



Spectral Scan Results

Spectral
Amp [-3.5t0 23 6 dBuY] Freg [1.000to 1500.000 MHz]
Resolution Bandwvidth: 30.0 KHz
Attenuator Yalue: 0 dB
Scanner Module: ISM-8G-VE, 29 X 42
Date: 22/01/2014 17:40:38
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Spectral Scan Results

Idle (1010)

Jitter pattern

Spectral
Amp [-4.0to 26.0 dBuY)] Freg [1.000 to 1500.000 MHz]
Resolution Bandwvicth: 30.0 KHz
Attenuator Value: 0 dB
Scanner Module: ISM-8G-VE, 29 X 42
Date: 22/01/2014 17:27:32
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Spectral
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Spatial Scan Results

Hotspots indicate high emission area.

Frequency: 749.986 MHz

Resolution Bandwvidth: 30.0 KHz
Attenuator Value: 0 dB

Scanner Module: ISM-8G-V8, 29 X 42
Date: 220172014 18:15:06
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Frequency: 751.939 MHz

Resolution Bandwvicth: 30.0 KHz
Attenuator Value: 0 dB

Scanner Module: ISM-8G-Y8, 29 X 42
Date: 231012014 09:31:44
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Scan Conditions — Top Layer

GERBER file has been imported to pinpoint the high

Tx leads energy emission area for the top later scan.
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Spectral Scan Results

Spectral
Amp [-6.1 to 33.4 dBuY] Freg [1.000 to 1500.000 MHz]
Resolution Bandwvidth: 30.0 KHz
Attenuator Yalue: 0 dB
Scanner Module: ISM-8G-VE, 29 X 42
Date: 230172014 18:46:09

: : . : : T . o . : : : : . :
<ot FORDRORE SUURONS TN 00 MO OO I SR O SR O S SRR SRR SO |
i25'0"1"""':"""": """"" T A . T S T .
920.0_.1 _______ - I - UPR . - L I - (R - [ e - S L - [ —_——
= ; ' ; : ' ' : ' ; " & B :

AlR®NES E1sofi----tT-ede oot oo o Bt SO S SRR I T e |
21004------- P R aencl-- R boceeaafenaaa- aefencns teonten- remead- A P . R rend--- senead- PR .
2 ' ' ' ' ' ' ' ' ' ' ' ' '

g 90q- N HE N N . N . [ R N N H— .
5‘ U.D—> ______l_ - _WI_ _'___I _____ : _______ | - TR : _____ : ______ I_ vy g = ue _I ) Ly ____, 11y ) [] W N
_5'0_,: ’ i L 4...|..4 sl |\ " . AT e LU S RLLL LR SRa el 12\ i Al LoD g Ll SR ptpd :_
_ o o o
000 10000 20000 30000 40000 50000 60000 70000 80000 90000 1000.00 1100.001200.00 1300.00 1400.00 1500.00
Fregquency(MHz) Auto
AMP -9 10 J£.2 00UV ] rredq [1.000 10 1200000 MAZ)
Resolution Bandwvicth: 30.0 KHz
Attenuator Value: 0 dB
Scanner Module: ISM-8G-VE, 29 X 42
Date: 23/01/2014 18:53:50
' ' ' ' [* 3N & ' H ' ' ' ' ' ' H '
00y Pt PRl PR S T . St PR coees P Pt PR a
e o - s s T B e s o fR w1
< 2004r------ P3¢ JRPR ) ] & Femmmmafeeaa-- amtem--- -——t--- re---- e R ——————— Feom———- romm—-- ammmmm-- .
5150_':______:_ R D S N N C ] R ______ R

All Zeroes . .| | ] ’: R A
21004F------ refe--- am==f-- am---- e LI R ——et--- re---d cymmmmeedeeaaaas P B re=d--- remnno LI
2 50 " ' : ; ' ' : ' : : : ' ;

R | i N . N . N N T N A . HE
E 004k--r--1r-F 11t oor-k o ca-3aa- b =-csr-b=re--z azdo === IS ek e TR S | ot T U F e P (T ey 71 [Py T e oo :
_5.0..| T LR - " : p.atid Ay - TP TL PO PN Rl iheh by i - it ftagtl T----== Earl S i .

0.00 10000 20000 30000 40000 50000 60000 70000 S0000 90000 100000 1100.00 120000 1300.00 140000 1500.00
Fregquency(MHz) Auto



Spectral Scan Results

Spectral
Amp [-5.910 36.2 dBuY] Freg [1.000 to 1500.000 MHz]
Resolution Bandwvidth: 30.0 KHz
Attenuator Yalue: 0 dB
Scanner Module: ISM-8G-V3, 29 X 42
Date: 2300172014 18:56:42
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Spectral Scan Results

Amp [-6.0to 20.9 dBuY] Freg[1.000to 1500.000 MHz]
Resolution Bandwvidth: 30.0 KHz

Data of interest Attenuator Yalue: 0 dB
Scanner Module: ISM-8G-VE, 29 X 42 Back ground noise
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Spatial Scan Results

Hotspots indicate high emission area
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Resolution Bandwvidth: 30.0 KHz
Attenuator Value: 0 dB

Scanner Module: ISM-8G-v3, 29 X 42
Date: 2310172014 18:03:58
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Spatial Scan Results

The magnitude is much smaller

Frequency: 499.991 MHz

Resolution Bandwvidth: 30.0 KHz
Attenuator Value: 0 dB

Scanner Module: ISM-8G-V8, 29 X 42
Date: 23/01/2014 18:10:39
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Tx leads
to BOSA

Frequency: 437.492 MHz

Resolution Bandwvicth: 30.0 KHz
Attenuator Value: 0 dB

Scanner Module: ISM-8G-V3, 29 X 42
Date: 23/01/2014 19:06:23
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Spatial Scan Results

The magnitude of PRBS2723-1 is much smaller than for

PRBS277-1.

Frequency: 551.171 MHz

Resolution Bandwvicth: 30.0 KHz
Attenuator Value: 0 dB

Scanner Module: ISM-8G-VE, 29 X 42
Date: 23/01/2014 18:34:21
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Frequency: 579.122 MHz

Resolution Bandwvidth: 30.0 KHz
Attenuator Value: 0 dB

Scanner Module: ISM-8G-vE8, 29 X 42
Date: 23/01/2014 19:34:18
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Summary

The higher spectral content in the failed RE tests are due to the
patterns used for EMC compliance testing

The measured spectral content in the very-near-field scans aligns
with the theoretical FFT expectation and with chamber results

The emissions “hotspot” is the tx leads to the BOSA



Follow up

The very-near-field scan results will show the customer exactly what
the problem is

Suggested solutions to customer will include
— Absorption plate attached to the BOSA to capture emissions
— Altering BOSA design to shorten Tx lead lengths
— Reduce ride/fall time (filter) laser drive signals



Other Applications

Typical EMC Concerns



Real-Time

® Changes in real-time

@ Intermittent events

@ Functional testing
o Different operating modes

@ Firmware modifications




A/B Comparison

@ Obsolescence management
@ Production unit versus gold standard

@ Fault diagnosis

Full Composite View I User Composite View I dBuV Full Composite View | User Composite View I dBuv
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Effectiveness of Filters

o Immediate feedback means trial and error can be used
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Testing Shielding or Absorbers

» Look for leakage points or new radiation mechanisms

@ Test uniformity and effectiveness




Other Applications

Chamber Predictions



Far-Field Prediction

o VNF results to predict Open Area Test Site (OATS) or free space
radiated EMI of PCB
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Methodology

» Measure very-near-field emissions and apply a
model based prediction algorithm to them

@ Some user expertise is still needed

Sensor Array Export Compensate Import Model Transform

=l g dd

10 to 30 minutes




Very-Near-Field Array Based
Measurement

Conclusion



Very-Near-Field Pros and Cons

Array based very-near-field testing can identify source of
emissions quickly

Changes in the lab can be validated before going to the
chamber

Intermittent or changing events can be captured
PCB diagnostic not product compliance

Some shapes not appropriate for testing



Thank You

wWww.emscan.com
info@emscan.com



Very-Near-Field = Magic Goggles
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EPON passive optical network
ONU optical networking unit
BoB — BOSA on board

BOSA — bidirectional optical subassembly



Other Applications

Beyond EMC Compliance



NFC Antennas

o Measure the field strength at specific distances
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Distortion and PIM Testing

o Scanner linearity can be better than -120dBc

EHX 3rd Order Distortion at 850MHz
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Measure Self-Interference (Desense)

o Sensitivity of the system can detect emissions from a conducted
power as low as -135dBm

Spectra¥FSpatal Motorola RAZR LTE
9 14 19

Composde Frequency: [1574.000 to 1576.000 MH2Z)
Resolution Bandwidth: 3000 Mz

Attenuator Value 0 a8

Scanner Module: SM-LAGXGMT, 29 X 42

Dete: 12/7/2012 20144 PM

Noise generated at 1575.039 MHz while camera is active
harms GPS performance



