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CAUTIONS

ALWAYS ENSURE THAT THE SYSTEM IS FULLY CONNECTED PRIOR
TO START OF ANY TEST OR CALIBRATION SEQUENCE.

This system can generate significant levels of RF power. The
amplitude of this power is controlled via feedback from the
relevant transducer. If this feedback is not correctly connected,
the applied RF power may rise to maximum which may damage
your test equipment and/or EUT.

RF power amplifiers must always be connected to a suitable
matched 50 ohm load or transducer before any power is applied.
Failure to ensure this may result in damage to the power
amplifier.

CHECK THE MAINS VOLTAGE RATING OF THE RFIC46
SYNTHESISER BEFORE CONNECTING THE MAINS POWER.

This item is not dual voltage.

ALWAYS CHECK THE GROUNDING ON CDNS AND OTHER
INJECTION DEVICES, AND ANY CALIBRATION ADAPTORS.

Failure of any grounding may cause loss of control and potential
damage to injection devices and/or EUT.
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1. INTRODUCTION

EMC compliance testing requirements include a check of the susceptibility of a
product to RF interference coupled into it via any cables that may normally be
connected. The standard that defines this test is IEC61000-4-6. This test normally
covers the frequency range 150KHz to 80MHz or sometimes to 230MHz. The level of
applied RF (the stress level) may be defined by the particular product specific
standard, but otherwise the default values are 3V (rms) for products intended for
domestic & commercial environments, and 10V for Industrial environments.
Although the test seems (at first sight) to be very straightforward, in practice it
requires great care in terms of setup and application.
Key issues are:

Repeatability

Coupling

Stress level calibration.
The first two issues are dependant on the test setup, especially given the high
frequencies involved. At the higher frequencies, capacitive coupling to surrounding
objects and impedance matching become critical. For these reasons, test
configuration and setup are critical.

Figure 1 shows the general principles. The product is effectively held in a 1500hm
environment, supported 10cm above a grounded reference plane, with all external
connections impedance matched so that the 150o0hm overall impedance to ground is
maintained. Significant points to note are ...
All cables are impedance matched for the duration of the test.
This includes any earth or grounding connections.
The product is physically held
EUT above a ground plane on insulating
| blocks or supports.
LAE ToJE The stress signal is applied to
one cable at a time, and each cable
is tested in turn.

150R| 150R

EI \,H L Full details to cover the differing
= - types of products are given in the
Ground plane standard IEC61000-4-6.

Figure 1. Outline of conducted immunity test.

During the test, the ’stress’
frequency is stepped in increments between a start frequency and an end frequency.
The increment is specified as a percentage of the current frequency, typically 0.5%
or 1%. At each frequency, the stress signal is injected at the relevant level (V) and a
1KHz, 80% depth AM modulation applied. The product is monitored for any
degradation in performance or operation. This ‘dwell time’ should be long enough to
ensure any change to the product can be detected. Once this dwell time is
completed, the frequency moves on to the next step and the test is repeated.

Compliance Criteria

The pass/fail criteria depend on the purpose and function of the product. It may also

be defined by the customer’s expectations.

Criteria A: no significant degradation in operation or function allowed. This criteria
applies to any product that has safety implications.

Criteria B: Some degradation in operation may occur, but the product recovers once
the stress is removed without any operator intervention. No change in
operating state or loss of data occurs.

Page 6



Laplace Instruments Ltd

Criteria C:

User Manual - RFIC46 iss E

Operation of the product is affected, and operator intervention is

needed to recover normal operation. Again, no loss of data is allowed.

2. Stress injection

There are three techniques that can be used for the injection of the RF signal on to
the cable: CDN, BCI and EM clamp. The CDN is the preferred device according to the

standard.

CDN (Coupling/Decoupling Network)
The function of the CDN is quite simple.. To
couple the RF signal into the cable
connected to the EUT, and to Decouple
(block) the RF signal from the external
equipment (Associated Equipment or AE).
This technique is the most efficient (lowest
RF power level for a given required stress
level) But, it is intrusive, it requires a break
in the cable.

Fig 2 shows the basic principle of the CDN.
Unfortunately, if the cable is unscreened,
the stress must be applied to each of the
cable cores equally, whilst maintaining the
impedance requirements. Fig 3 shows the

RF input J_ Hofipling

BO0ohm source) CEpacinrs

Decoupling
inductor 300R

L e—— 0000, i
AE{N —— (000G = N}EUT
E E
0000 °
e s]

i
Figure 3. M3 CDN simplified schematic

cables. This is achieved using a technique
that incorporates ‘programming’ features in
the cable connectors.

Fig 4 shows the RF signal path. Note how the

inductor prevents the RF coupling to the AE,
and the internal link in the CDN for the
ground connection. This makes it imperative

that the CDN enclosure is properly bonded to

the ground plane otherwise incorrect stress
levels are likely to be applied to the EUT.
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C Coupling
RF input capacitor

B0chm source)

Decoupling 100R
inductaor
\MJ @
AE EUT
& ] ]
Figure 2. Basic CDN concept

arrangement for a 3 core mains
cable. This is a type M3 CDN. The
net result is that each type of cable
requires its own specific CDN. So for
instance, an M3 type cannot be used
with a 2 core mains cable (this
requires an M2 CDN). The However
the Laplace range of ‘Versatile’ CDNs
is able to cope with multiple cable
types, so, for example, the M3 type
will work correctly with M2 and M1

RF input
[B00hm souree)
o smmmmmmmmessen. CoUpling
i capacitor
Decoupling H 100R
:  inductor
,"J" ——————— HEE}
AE i 150ohmi  EUT
port syoomee-HE o pert
& ] o
RF stress signal
Figure 4. RF signal path
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EM Clamp
This technique has the advantage of not Control system
requiring a break in the cable, although more & sig genny
RF power is required to create a given stress ‘—‘
level. The stress is applied by capacitive and .
inductive coupling into the cable and a series Wlﬁ‘:&ter
of split ferrite rings provide the 1500hm
impedance matching over much of the Y
required frequency range. The length and size l WMonitor
of the clamp can be a problem in some i probe
circumstances. The overall impedance is not i i
so well defined as with the CDN. _""'r""'_(
AE  TEiGaw T N ELT
-+ >

Figure 5. EM Clamp technique

BCl (Bulk Current Injection clamp)
This is generally only used when other
techniques are impractical. It is non- Santral pastan
invasive (does not require a break in & sig genny  |4—
the cable) but:
- Requires a significantly higher v

level of RF power for a given Power RF

stress level. amp. —|  voltmeter

Does not provide any impedance

matching.

The AE is stressed equally as

the EUT

Cables resonances are virtually

unavoidable at the higher i

frequencies.

An additional current probe is AE Bl

. . X probe
required to monitor the applied
stress level.

-==-= Monitor
prebe

External
1500hm

______

______

Figure 6. BCI probe technique
BCI and EM Clamp techniques are
often specified for military or automotive tests. One key advantage is that they can be
used on complete cable bundles.

2.1 Cable matching

When more than one cable is attached to an EUT, the ‘untested’ cables need to be
impedance matched to 150ohm. This can be accomplished by using a CDN or by adding
ferrites to the cable. The CDN has the advantage that it is a known impedance and
covers the required frequency range. Ferrites will be an essentially unknown quantity
but will offer a lower cost solution. Where multiple cables are involved, each must be
tested, so a full set of CDNs are required anyway. Note that only 1 'matching’ CDN
should have a 500hm terminator fitted.

See annex A for a discussion regarding ‘Best Practice’.
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2.2. Setting the stress level.

The standard IEC61000-4-6 specifies that the stress level is defined as the open circuit
source voltage (Vs). This voltage will have a source impedance of 50o0hm.

It is then connected to the test system, which nominally has an impedance of 150o0hm.
(except that the BCI probe will have an input impedance of 50o0hm).

The calibration fixtures replicate these requirements. It is clear that the actual voltage
applied to the EUT cable is a fraction of this source voltage. For 1500hm systems (CDN
and EM Clamp), the voltage at the output of the 150/500hm calibration fixture is 1/6th
of Vs (15.6dB lower) and for the 50o0hm BCI system, the voltage is 1/2 of Vs (6dB
lower).

So when calibrating a test in the ‘conventional’ technique, the stress level at the output
of the calibration fixture is set either 15.6dB or 6dB lower than the nominal stress level.

CDN and EM Clamp BCl probe

S0R source

impedence 100R S50R source

impedence
B | i B E—
b e i ToEUT | !
b i cahle : s 20 |
— — i — |
Fower amplifier 11 Caladaptor Fower amplifier E Cal adaptor

Figure 7. Setting the level

3. Testing Strategies

Basic choices

There are two sets of alternative techniques, one set related to the test strategy and
one set related to the injection technique.

Test Strategy

The Standard IEC61000-4-6 specifies the use of a substitution technique for setting the
stress level. The RFIC system offers that technique, (strategy) plus an alternative
technique based on the use of ‘Enhanced’” CDNs. This alternative strategy is not
described in the standard, but does offer several advantages.

Key differences are:

. The conventional strategy is strictly compliant. But the alternative technique will
generally provide a more consistent stress level. This may not be a good feature.
The actual stress level imposed on the EUT in the real world will be very
dependant on the EUT input impedance. If this is high, the voltage stress level will
be high. The conventional technique allows this variation due to the EUT
characteristics. So the imposition of a more consistent stress may be retrograde.
The Enhanced CDN overcomes this issue by monitoring the stress level at the RF
input to the CDN, not at the EUT cable. This problem does however apply to the
use of an enhanced mode when EM Clamps or BCI probes are used. In these
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f| Test strategy |ﬁ

Alternative I:,{:f;':;
technique ' {}
Use ‘enhanced’ 4_ COM
; COn 1
E & :
re-scan : :
not required i C:Eemp
\ Use monitor M
] probe 1
e ¥~ BC
probe
Figure 8.

Test strictly according
to IECE61000-4-6

Use calibration
fixture 4677

Lse monitor probe
and 150R calibration
fixture

Fre-scan
technique

LIse monitor probe
and S0R calibration
fixture

Overview of test techniques

instances, the feedback is obtained from current monitor clamps fitted to the EUT
cable, and are thus measuring the stress level at the EUT cable. This negates the
effect of the EUT input impedance.
Alternative technique is quicker (no need for a calibration ‘pre-scan’).

Alternative technique does not require the 6dB attenuator in the RF output feed to

the CDN. This halves the
required power rating of the
power amplifier.

The alternative technique
cannot be used with
‘conventional’ CDNs, but can
be used with 'Enhanced’ CDNs,
and, subject to some further
considerations, EM Clamps and
BCI probes too.

The conventional strategy requires 2
‘scans’ through the frequency range.
An initial ‘'scan’ with the EUT
substituted by a calibration fixture.
This fixture involves a 150R to 50R
adaptor. The output from this
adaptor is monitored with an RF
Millivoltmeter and the applied RF
level adjusted so that the monitored

IEC61000-4-6 Standard technique

< _______
s N ol
| RF milli- |
v 6dB i voltmeter |
Signal Power attenuator T } """"
generator amplifier |
|
|
L,
Note:
+6dB attenuator tq match <«— CDN H —p| EUT
generator source impedence to AE b
EUT interface impedance. (Associated | ]
«Calibration adaptor and equipment) o
millivoltmeter required to pre-set Calibration
the signal levels before applying adaptor
test to EUT.

Figure 9. Conventional operation with CDN

level maintains the correct stress level. See Fig 9. The power settings required to

achieve this correct stress level are recorded. The EUT is then connected and the second
scan performed using the recorded power settings.
The RFIC46 hardware includes the millivoltmeter and the control system necessary to

level the RF output as required.
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IEC61000-4-6 Modified technique

)

A\ A
RFIC46 RF0250
Signal Power
generator amplifier

Note:
« 6dB attenuator eliminated.

« Control of level achieved during
the test using monitor output of
enhanced CDN and control cct

within the RFC4/6 sig genny.
« Calibration adaptor and RF
millivoltmeter eliminated.

A 4

—
AE

(Associated

Figure 10.

Enhanced
CDN

EUT

equipment)

Injection Technique

\ 4

Enhanced operation
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The alternative strategy involves
monitoring the applied stress level
during the test scan. There is no
‘pre-scan’ requirement. To facilitate
this, the CDNs must be fitted with a
system which monitors the applied
stress level on the EUT port.
Enhanced CDNs have this feature.
This level is output as a DC signal
on the monitor port. The control
system must also be capable of
accepting this DC feedback signal
and controlling the output RF level
during the test run.

See the choices described in section 2. These are CDN, EMClamp and BCI probe.
CDNs are the preferred technique but the other two could be used with the RFIC
system. Note that the BCI technique does require higher RF power levels, and these
probes may require higher power levels than the 25W offered by the RFO0250 power

amplifier.
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4. Test Setup
CDNs

Figures 11 and 12 show a typical test arrangement.

- RFIC46 iss E

50R terminator
PA (fitted to only —————p
1 CON)
Twisted
pairs AE
EUT  Ethernet
port
B Seria.l AE
i port
mains = FEE
’
|';_r_r_r_r_ry_r_7_r_r_r_r_r: E,-;y; Safe‘ty
#
ground
Ground Reference Plane ‘ connection
Figure 11. Typical test arrangement—plan view
To powvier S0ohm termination
amplifier

round Reference Flane
Insulating blocks, 10cm high

Figure 12. Typical test arrangement—side view

Points to note are:
All CDNs are firmly bonded to the ground reference plane.
The stress injection is applied to one cable at a time.

All other cables are fed through CDNs to maintain the 150R impedence.

Even the earth point on the EUT (if fitted) is grounded via CDN.
The EUT and AE are spaced 10cm off the ground plane.
Just one CDN is fitted with a 50ohm terminator.

Note that each cable is connected via the appropriate CDN. In this instance, if using the

Laplace Versatile CDNs, the following models could be used:

Cable type Conventional CDN | Versatile CDN Other cables covered by
versatile CDN

2 core mains M2 M3 M1, M3

Ethernet (4 twisted pairs) T8 T8 T4, T2,

5 core screened S5 S25 Snn (nn =1, ... 25)

Earth connection M1 M3 M2, M3
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5. TEST

Set out the test equipment, EUT and AE as described in the previous section. Reference
to IEC61000-4-6 is recommended to ensure the arrangements are compliant.

Selecting the injection device and mode
Generally the choice of injection device will have been made according to the
constraints of the product and cabling. The key choice may then be test strategy,

Conventional or Enhanced. To enter these factors, go to Main menu.... Transducer

A selection screen will be shown, see fig.13...

-;_I..:p-.a:lz lst rumengs LEg - RFIC-4.8 Input Device Selection

Balect I nput Brevices Sedect Made GHuctCulteton flls
 CON [Blerdard] ’ s ;

. Load Marw Enbranesd COMN ol Bradion Flle |
1~ G TR e el ) I |
Ol = L T ' Loat Mew Cuman Froga Calinrion Can |
= EM & lmmpadh (o } | |

Caymani Fros
A .
Logd Mew Cuman Prokss Calibration Dt |
 Blwih T I r
Curran Froges fyoms |

Cancel [pares

Figure 13. Test setup selection screen

Click on the appropriate input device as listed on the left side.

Once this selection has been entered, the appropriate mode and calibration options will
be enabled. For example:

W Laglecn Ipstmmrenis Lid - AFIE-4-6 |spal Device Snlecinn
Bedael G ol bradin Fila slatal H
Eakct INprDIGAED Bikd 1 Dok ; The conventional
i [G0H i) . B ol e il Frapm #d
& ¥ Cormulionl Leedd B SnFamad COM GabeaianF i (Standal’d) CDN haS been
AEES RN ' selected. In this case there
; are no further choices as
" EN Clamp g 1rovd s ninend Probie Sl beabion Tish this can Only be used in
ik ' ; = the conventional mode and
no calibration file is
B Losad M it Frofie Caibration Dty required_
" BIIW i ) —_—
l.'l.l':'\-.'l:lnpml!- —
Caneel Cicre

Figure 14. Conventional selection
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In this next instance, the Enhanced model of CDN is selected. This may be used in a
Conventional or Enhanced mode, so both these options are made available.

If ‘Enhanced’ is selected, the options to select the relevant calibration file, or to load a
new file, are available.

If ‘Conventional’ mode is selected, ‘No Cal file required’ is highlighted

Selecting ‘Enhanced’ mode activates the options to load a calibration file or to select one
from the existing list. A window is displayed in which any previously loaded CDN can be
selected from a list, or a new CDN loaded. A browse feature is included so that the
relevant file can be selected from (for example) the CD and installed.

8 haglece Irstrme nis L1 - AFI-4-6 |sgat (ipvice belssnn To change the selection
Ea Bedar] Galbradion Fia il C|ICk ‘RESET ALL, al’]d the

act In g D Ed Beharidoda i . ” t t t

i diattint] T Camsgional Leedd Piws SnFiamad CLH Cabrakin il page will return to 1ts
T GO (B ol Ll ST Saber | CDH Cabiln i o EAGEE-1 125 1M - Inltlal State'

EFLUHILED

" ENClamp Irevi v Zonent Prohe Calibation Niala

~ EN COmmp wih

Curanl Frubw =

B r Loexd Mwe 2 uent Proie elbration Dt

" BZiwih

Cayram Frobe -

Caneel Ocre

Figure 15. Enhanced selection

In order to repeat a previous test (assuming that the test had been ‘Saved’, the
settings, calibration and pre-scan data can be loaded using the File... Open menu.
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Entering the test parameters

First, the type of test can be selected. The choice is ‘Standard’, ‘Custom’ and ‘Single’.
These are selected from the buttons displayed near the bottom of the screen. Note that
Single is only available in Enhanced mode.

These choices are explained in section 7, page 25. Normally, Standard will be used.
Single is only required for investigative work and custom used only when the stress
level must be varied with frequency during the test.

Then the Start frequency, Finish frequency, Stress level, Frequency step (the standard
specifies 1% or less) and dwell period must be entered in the left hand section. The
estimated time for the test is displayed.

In the central section, EUT Status parameters, EUT Prompt and modulation
requirements are entered. For most tests, the 1kHz, 80% deep, AM modulation is
required.

If EUT monitoring is to be used, select main Menu... EUT Monitor to display the monitor
settings page. Note that the inputs are 0—10V (100Kohm impedance) and are sampled
at approximately 5Hz rate.

Each channel (A....D) can be assigned a name, a colour and have high and low
thresholds defined. These should be the limits of acceptable operation during the stress
test. Excursions outside these thresholds will be treated as an EUT fail.

Once the EUT monitor inputs are connected, operation can be checked prior to the test
with the bargraph display to the right of the selection areas. Single will update the

measurement once, whilst continuous will measure in real time until Stop is clicked.
The Reset button resets the max/min indications.

CONNECTIONS

CDN used in the Conventional mode:

Phase 1 -
Calibration

This mode can be used with ANY CDN,
including third party and Enhanced CDN.

Prior to testing the EUT, the connections

from the CDN to the EUT and the AE are

removed and calibration fixtures (type

4627) are plugged into the EUT and AE

ports on the CDN. The AE fixture is fitted

with a 50ohm terminator and the output Cal.

from the EUT fixture is connected to the e DJJ:@ port port -yt |

RF feedback port on the RFIC46. The 4 CDN

pre-scan is then run over the frequency ! o Ground reference plane
. . . 500hm termination

range required. This automatically

adjusts the output level at each Figure 16. CDN phase 1

frequency step so that the desired stress

level is achieved. The software maintains a record of the power levels required.

Feedback

6dB attenuator signal

Cal.Fixture
4627

AE EUT
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Phase 2 -
Test

Once this pre-scan phase is completed,
remove the calibration fixtures,
reconnect the cables and run the test.
See fig 17.

AE EUT

Ground reference plane

Figure 17. CDN phase 2
CDN - Enhanced mode

If using an Enhanced CDN (Model Enhanced
E46xxx) then the test can be Test
accomplished in one phase.

Connect the system as shown in fig
18. Note that the CDN Monitor
output is connected to the DC
feedback input on the RFIC46 unit.

The calibration file should be AE EUT

entered or selected in the setup/
mode page. Each CDN will have its
own calibration file, nnnn.enh. Monitor port Ground reference plane

This test will now run without any Figure 18. CDN Enhanced mode
pre-scan.

EM Clamp
Conventional Strategy

As with the CDN, there is a ‘Calibration’ phase then a ‘Test’ phase.

The calibration is performed with the clamp driving into a conductor terminated in
1500hms. The 100ohm in the fixture is supplemented either with a 50o0hm terminator or
the 50o0hm input impedance of the ——————

input port on the RFIC46. Phase 1 -
The arrangement is shown in Fig.19 Calibration

Note the critical importance of the
grounding of the fixtures to the
ground plane.

Feedback

6dB attenuator

Suitable calibration fixtures are signal
available from suppliers of the cal
al.
clamps. Cal. [] Fixture
Fixture
(1000hm) 5]

1000hm)
AE EUT
N
port port
EM Clamp

Ground reference plane

500hm termination

Figure 19. Operation with EM Clamp (1)
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Once the calibration phase is completed,
the fixtures are removed and the cable to
be tested can be installed. Note the
requirements for spacing the EUT and AE
above the ground plane by 10cm.

Cables on the EUT side should be kept as
short as possible.

The inclusion of a ferrite clamp on the AE
side is recommended as this avoids
excessive stressing of the AE and (if the
AE has low RF impedance) avoids
understressing the EUT.

Enhanced Strategy

Phase 2 -
Test

User Manual

AE

- RFIC46 iss E

AE

EUT

EUT

/-

Ferrite Clamp

port
EM Clamp

port

Ground reference plane

Figure 20. Operation with EM Clamp (2)

A current probe can be used to provide feedback to the RFIC system during the test.

The setup is shown in Fig. 21

The calibration factor for the
probe must be entered into the

m
C

RFSynth software. Enhanc.ed
(alternative)

. . strategy
This removes the requirement
for a pre-scan.
The setup shown could be used 6dB attenuator
connected as shown, after pre-
scan phase (phase 1) has been Current
completed as per fig 19. In this probe
instance the system is now AE
running in phase 2 of -\_ AE EUT
conventional mode and the , port port
current probe is used only as a Ferrite Clamp | gm clamp
monitor of the stress level Ground reference plane
applied, but not used as part of Figure 21. EM Clamp—enhanced

the feedback system.

BClI

Conventional

The preferred technique is now to
use the substitution technique, ie a
similar strategy to the CDN in
‘conventional’ mode.

The calibration fixture in this case
comprises a conductor terminated
at one end with a 50ohm load (of
adequate power rating) and the
feedback to the RFIC from the other
end. Using this setup, the pre-scan
is run and then the target cable
replaces the calibration fixture and

(substitution)
technique

(Y
s83es

o,
20!

Figure 22.

Page 17
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the test is run as shown in Phase

5 Phase 2
The current monitoring probe Sett?[; for
can be used to display the stress Enhanced
level if required. Note that this is mode
not used for level control

feedback.

Optional
monitor

/ probe

The system can be used in the AE BCI probe = EUT
Enhanced mode. The calibration -\_%_ i /-

data for the monitoring probe : ]

should be entered into the \_‘ Ferrite Clamp - \—‘
software and then the test can Ground reference plane

be run in one operation. (subject
to the cautions explained in
section 3).

Figure 23. BCI Phase 2

EUT Monitoring

The RFIC46 is equipped with 4 analogue input channels, A, B, C and D.

These are all identical. They have a range of 0-10v, input impedance 100Kohm, single
ended.

These inputs are sampled at a rate of approx 1Hz during the dwell time at each
frequency. The resulting measurements are plotted on the PC screen in graphical and
bargraph format.

See section 7 for more details

EUT Prompt.

This facility enables the EUT to be ‘prompted’ at the start of each dwell period. This is to
synchronise any cyclic operation of the EUT with the stepping of the test through the
frequency range. If selected in the test setup screen, a 4 pole relay inside the RFIC46

unit operates a 4 pole c/o relay for 1 second at the beginning of each dwell period. The
12 contacts are brought out to the 15 pin D type connector on the front panel.
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6. Hardware

The RFIC system comprises 3 elements:
RFIC46 signal generator and controller
RF0250 Power amplifier
CDNs or other injection devices

The RF0250, CDNs and other devices are fully covered by the individual user manuals
supplied with each.

RFI1C46

This compact unit provides the following functions:
. Signal generator according to IEC61000-4-6.
100KHz—250MHz, -45dBm to 0dBm
Modulation as required by the standard
1KHz AM @ 80% depth plus pulse modulation, 2Hz, 20Hz & 200Hz
RF output level control
Automatic levelling using feedback from either feedback input.
An RF millivoltmeter for monitoring of applied RF stress level
-60dBm to +30dBm
A DC input for use with Enhanced CDNs
0 — 20v dc, 20mV resolution (10 bit ADC)
4 channels of analogue inputs for EUT performance monitoring
0—10v, single ended, 100K input impedance, 10mV resolution
An EUT prompt system
Volt-free relays contacts
Safety interlock system for the power amplifier
USB interface to PC.

PC
ﬁUSB (via rear panel)
~= RFIC46
Signal - T System control uProcessors and firmware
generator
v 7y Y -
Modulator |« Congol
- ADC
¢ monitor !
A4 v
Level sererl TST TlT Prompt relay|
< i igna
control [ * Feedback Selector PA interlock conditioning -

é> T FHE
OO 0000 -

RF to Feedback To Power From ToEUT
Power from Amplifier EUT
Amplifier injection

Figure 25. RFIC Block diagram
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The block diagram shows the main elements of the systems inside the unit.

Note that the level control system includes an output level monitor to ensure that the
output does not exceed the 0dBm limit, thus protecting the power amplifier from
overload.

The operation of the RFIC46 is entirely controlled by the RFIC software supplied with the
unit. There are no controls on the hardware itself.

Indications

The bargraphs for RF output level and Feedback level are for indication only. These are
provided to give an approximate indication of operation of the system. The red levels
are simply an indication that the levels are approaching the maximum levels, not an
indication of overload. When the feedback is being used for level control, the indications
will not generally be equal. This is normal.

The feedback level will be driven by the feedback input that is currently selected, as
indicated by the green LEDs adjacent to the input BNC connectors.

Status Indications:

Standby: RF output is switched off and the system is dormant.

PA Status: This will indicate if the PA is switched into standby mode.
EUT Prompt: Prompt relay energised

Running: System is in ‘dwell’ mode

Front panel layout

N

/

RF output Feedback Analog inputs Mains
power level signal level for EUT power
indicator indicator monitoring indicator

\
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o)

FEEDBACK

o RFin 'o‘

Max 30dBm

| o DCin 'O'

Max 20v

RFIC-4-6 SYNTHESISER 100KHz — 250MHz

\.

0O O

EUT Interface

PROMPT J

STANDBY

PA STATUS

EUT PROMPT
RUNNING O

|:—
n é N
A Q- Yo NI:

©

)

9

Made in UK |

f

f

f

1

1
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\

A

/

|

[

USB RS232 Do not cover Power T2A Mains input
interface (options ventilation ON/OFF 20mm 110/240V
only) slots switch fuses 50/60Hz
Figure 27. Rear panel

Power: Mains power is applied.

Connections

EUT Prompt

The prompt output from the RF1000 is a 4 pole c/o relay. All the contacts are brought
out to a standard 15 way Dee type connector.

Pin numbering Connection detail

8 1 Common NO NC

\o 00000 o) 10 1 9
000000

15 9 11 3 2

12 7 8

13 15 14

Figure 28. EUT prompt connections

Notes:
NO contacts are closed when EUT prompt operates
NC contacts are opened when EUT prompt operates
Contact rating is 20v rms or 40v dc, 300mA.
When pulsed prompt is used, contacts close for 1 second at the start of each dwell
period.
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PA Interlock

1 O—
2 Gsi >
4 To P& standby
3 O interlock.
=iz, = standlby mode
4
S o>

Figure 29. PA interlock connections

The RF0250 power amplifier can be set to standby remotely by the RFIC46, or can be
switched locally on the PA front panel, in which case the interlock will report status back
to the RFIC system.
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7. Software

The RFIC46 is shipped with RF46 software. This software should be loaded onto your PC
and will provide all the user interface requirements for IEC61000-4-6 testing.

Installation of the software is described in annex C

The interface between the PC and the RFIC46 synthesiser is via USB bus. Any USB port
on the PC may be used. Connect the supplied USB cable between the PC and the
synthesiser. (If this is the first time that the PC has ‘seen’ this synthesiser, it may
request details of the relevant driver. See annex C for details).

When the software is run, it will first check that the hardware is connected and switched
on. If this is not the case, a warning message will appear. Check the connection and
ensure that the hardware is powered up. The software can be used without the
hardware for display of results and producing hardcopy. In this case just accept the
warning and continue.

Once the software is running, the main screen will be displayed. Note that the settings
will match those that applied when the software was last used.

The main screen comprises 5 areas.... (see figure 30).

Status area. A

Main menu bar B

Operating controls C

Monitor area D

And

The main setup and results display area E

This area E will switch between modes, according to the users requirements. These
modes are:
Setup controls (E1 and E2):
Standard settings
Custom settings
Single point settings
Monitoring screens: (E3)
Chart showing all parameters of the test in real time
Bargraph display of EUT monitor channels

Details.
Area A
Status
Indicators show the status of the hardware:
Ready: System OK and operational
Running: Test running in ‘dwell’ mode
Settling: System adjusting the stress level to the required level
Modulation:  Modulation running
Standby: System in standby mode. RF output switched off.
EUT
OK No EUT fail detected
Fail EUT failure detected

Prompt EUT prompt activated
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7% Lamlace msiruments Lid - RFFC-4-&
Eie [rgley pode Jransdcm Confipre  Lielp

STATUS
Resdy @ | PTANDARD SETTINGS = -
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A " [ 2 = 1
] L} 1 = Off ™ Hal = Contnus 1
1 1 a8
1 1
Madidstian 0 Fizh | Bom MHz : ELIT Prarp :
Standby @ : * OF L " Op : B
EUT &irezs F vialta : :
El ' E2 P
OF o] 1| Medulstion 1
1 . 1
1 " Mone Y, T |
Fault 5 | : P & 1h : o T | —— ) S—
{ 1 1
Pomet._ O] | s [500 = I Mat dation =% I
FaULT H 1 . -
1 1 o0 S T - FA - - A |
Syrith Q Chwrsll !2 [zecs) : :
Boa o : : Single Pha gt el st
Harfware {3 Estimated Tame  25:03 : : F* Channel & Acte W Channe| B Scie
! 1| & Channed C Actie W Channsl 0 Sclive
Stanaard Test MORITORF &= tesall AT
- \ - Ran
Curesat 0648 MH: [wal 0.0 Secs Tamet 00 D & Comlrol - B Il?mpEuall.lE. : IEEM_“ e
Wodulaion 1kHz Total 0417 Acrma 00 s Feed - [r lewel . " 00kHz - 10MHz
Fraquency Elapsed Time Sress Level M T IMHz - BOMHz
0 (st 4 11060000 (R0 CR TN OO
Convenllanal & nouw frem C . ; .
Tow o o e PRE-SCAN | Sy TEST . | [ STAMDARD | SIMGLE CUSTOM TEST MODE
SREANPIAL it v Sobe e 00 | [ REPORT RESLLTS SCAEEN EUT Sartings
Figure 30 Key screen composition
NOTE: Section E will change according to the mode of operation that is currently selected
These modes relate to either setup information or display of test results.

FAULT

Synth Synthesiser responding abnormally.

PA Power amplifier fault detected

Hardware Comms problem. If this occurs, a Re-connect button will be available.

Area B Main Menu bar

File Storage and retrieval of results and setups, plus
Printing options.
Display Colour and formatting options
Mode: Operating modes (Standard Settings, Custom and Single)
Transducer Select injection device and test mode
Configure Check USB, install CDNs, define EUT monitor inputs
Help
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Area C Operating controls

These are the controls that initiate test sequences and which select the test mode
(Standard, Single and Custom) and screen mode as shown in screen section E.

EUT Settings button shows the screen where the EUT monitoring parameters can be
set.

Area D Monitor Section

This shows the current status of the test. It includes current frequency and stress level,
type of modulation and elapsed time (current dwell time and total elapsed time). Also
shown are the status of the EUT monitoring channels and a selector for the frequency
range shown on the Results page.

Area E Setup and EUT monitor

This section has 3 sub sections, E1, E2 and E3.

E1l is the frequency setup information. Start, stop, frequency step and dwell time are
entered here. It will change according to the test mode selected in area C. The choices
are Standard, Custom and Single.

Standard: Enter parameters for a standard sweep with a fixed stress level for the
whole test.

Custom: This enables the stress level to be changed during the scan. The required
parameters can be entered as nodes in the table. The software will
automatically interpolate between nodes.

Single: (Only available in Enhanced mode) Frequency and stress level can be entered
and these parameters ‘nudged’ up and down in increments entered in the Inc.
fields.

An auto Increase feature can be selected which will automatically gradually
increase the stress level in increments set in the Level Step inc. field, until
End Level is reached, or the EUT fails.

E2 remains the same for all setup modes. It enables selection of EUT status
interaction, EUT prompt activity, modulation selection and an activity area.

E3 displays the 4 channels of EUT monitor inputs in bargraph format.
During a test, Aera E can be switched to show a chart format (Report Results Screen)

which shows the target stress level, the actual achieved level and the EUT monitor
channel results, all plotted against frequency in real time..

Operation

In this section, operation with CDNs is assumed as this is the preferred technique
according to the standard. The operation with EM Clamps or BCI probes is very similar...
same connections (unless otherwise indicated) and procedures.

See section 4 for the preparation of the test equipment and the selection of the injection

device and mode in the software. It is assumed that these choices and settings have
been entered in the selection screens shown in fig 13.
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Conventional strategy

Phase 1 Pre-scan

Connect the system as shown in figure 31

Take care to arrange the setup correctly as described earlier and in the standard
IEC61000-4-6.
Both the AE and EUT ports on the CDN are connected to calibration fixtures. The output
from the EUT side is connected to the RF feedback input on the RFIC46.
The AE calibration fixture must be fitted with a 50ohm termination.
On the control screen, under
the Transducer item in the
main menu (Section B) enter
the serial number and
parameters of the CDN which
will be used for the stress
injection.
Then enter in section E1:

start frequency

finish frequency,

stress level

step size
- dwell time
The screen will provide an
estimate of the total test time.

In section E2, enter

- EUT status mode,
EUT prompt mode,
modulation

To see the setting graphically,  Fig 31. Phase 1 of conventional technique—Pre-scan
click on Report Results Screen

(section C). The screen will show a plot of the target stress level against frequency.
If all is now ready, Click PRE_SCAN.

The system will commence the calibration scan. Progress can be observed on the 2
bargraph displays on the RFIC46 front panel. These given an indication of RF output
level and feedback signal level. These are for indication only and will not generally be
equal in level.

Section D will show actual and target levels achieved.

The Pre-scan will not include any dwell periods as there is no product to stress, thus
saving time.

Once the Pre-scan is completed, the pre-scan settings can be saved to disk if for later

use if required. Note that if this is done, any future use of this file must be done with
care, ensuring that the test setup is exactly replicated.
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Phase 2 - Test

The calibration fixtures can
now be removed and the EUT
cables connected to the CDN.
See fig 32.

Any EUT monitoring inputs
should be connected and
checked for operation. See
later in this section.

Gl afbersenbol

The TEST button will now

commence the EUT test, using
the power settings stored ,—[ ToEUT
during the pre-scan phase.

As there are no feedback

inputs at this stage, the Fig 32. Phase 2 of conventional technlque—Test
feedback level indicator will be

dormant. (although, if using an enhanced CDN in ‘Conventional’ mode, the monitor
output on the CDN can be connected to the DC feedback input on the RFIC46 and the
stress level can be monitored on the bargraph and on the results screen. This level is
not used for level control purposes).

The EUT status inputs are plotted on the PC screen and any deviations outside the
pre-set thresholds will be classed as a failure. The response of the system to a failure
will be as prescribed by the user in the setup screen E2.

Conventional mode, using EM Clamp or BCI probe.

The procedure will be as described for the CDN above, except that the calibration
fixtures will be appropriate for the injection device used. Ensure that the correct
device is selected in the main setup screen because the feedback levels are
calculated differently according to whether it is an EM Clamp or BCI probe fitted.

Enhanced Mode

The Enhanced CDNs are designed to feedback the applied stress level as input to the
CDN, Not the level actually applied to the EUT cable. This is closer to the
requirements of IEC61000-4-6 in which the pre-scan levels ignore the effect of the
EUT cable.

Using Enhanced mode with EM Clamps and BCI probes with the feedback obtained
from a current probe will be less compliant with the standard. This is because
although this technique delivers a more stable stress injection, it does not allow for
the effect of the EUT input impedance. (See section 3).

However, the RFIC system does allow for enhanced mode to be used with all types of
injection device, but the CDN is preferred as this is the only one specifically designed
for this mode.

Connect the system as indicated in fig 18.

Select the appropriate injection device and mode in the Main menu ....Transducer
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screen. The calibration data for the relevant device must be entered.

Once the EUT is fully connected and operating normally in the required mode, the
test can commence. Click the Enhanced Test RUN button.

The progress of the test can be monitored on the RESULTS screen and on the
MONITOR screen.

When the test is completed , the test data can be saved to file using the File... Save
menu. This will save the setup information, the actual stress level data and the EUT
monitor results.

Scan Modes

The RFIC system has three modes for running the test in terms of frequency and
stress level.

Mode Details

Standard Steps through the specified frequency range from start to finish frequency with afixed
stress level. Step size and dwell time are user selected.

Single Appliesthe stress at a single frequency. The frequency and/or stress level can be entered
manually, or can be stepped in pre-set increments using Up/Down nudge buttons..

In addition, an * Auto-Increase’ mode can be selected in which the stress level can be
automatically incremented after a specified dwell period. This can be set to stop when an
EUT failureis detected. Note that this mode cannot be used in Conventional mode.

Custom Similar to Standard, except that the stress level can be varied against frequency. Data
Entry isviaatable in which key nodes are entered. The software will automatically
interpol ate between nodes.

EUT monitoring
There are 4 channels of analogue inputs available. Each is a 0—10v input.

To configure these inputs, select Configure... EUT input setup from the main menu.
The window shown in fig

33 will be displayed. EUT Settings
Each channel can be Display
given a name, a colour Marne Low Limit High Limit Calour
and high and low limit

Contral 2.000 3.000 Colour
thresholds. | I | 4] -

{

All parameters are scaled |1emperature ‘2.DEIEI |?.DEIEI | Colour -
0—10 corresponding to
the input voltage. Feed /5.000 /8.000 il -
Any excursion outside level [7.000 9.000 coowr | [
the limits will e treated
by the software as an Lirnit Calour | -

EUT failure. The action

on ‘EUT Failure’ is

defined by the user in Fig Accept Data Change |
30, section E2.

Fig 33. EUT monitor setup screen
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The inputs can be checked by using the Single button in area E3 on the main screen.
This will display the current values of the input channels. Once a test is in progress,

these inputs can be plotted on the Results page available by clicking on the REPORT
RESULTS SCREEN button.

-_I-|1.u;:|1=|:r: Imstruments Lid - RFIC-4.&

Fie fisplay Mode Trarsdocer Corfigee  Help

STATUS | TITLE: 7 January 2011 13:46

Ready @ | pepoAT

Ruming {3 mn H

Sellng :

Modulalion 3 160 -?

Stndby @ 1 A H

— 1240 ||||||lll||||||lEll||||||l s EIE R EREETE R ..-E .E. =
ar | i i 3

o« o : : B

I - a3 5 SO
Faull & : i

Pomgt © [N
FAULT

ﬂ'l'l"h 1: fin

BA o 110 2 an ED B0 1D - a S
Hadware T | I Cantrol = W emperates ¥ [l Fewd # | [l F Il Pesan | sarut F
Caondrol Lanils r ternperalue Limits ™ Feed Lirnils B level Limita 1~ | ho Lirit Dicplay & | Stress Level 1] |
MOHITOR  Enhanced Standard Test |
Cimren 1040000 MHz Crwell 00 Secs Taged Q0 ‘“volls A Condral E H Iemuedue- TTI;JkH: M
Modulation Mone Total 41:04 Actusl OO ‘Volla | CFawd B Olesl [ ~ 100KHz - 10MHz
Frequency Elapsed Time Stess L ewel Snanis # [ 1MHz - 250MHz]
Camveniional @ i fom Calission = .
[ Tl et [ = | owew [ STAMDARD |  SINGLE | cUSTOM | TEST MwoE |

Enhancad {Fesdback via Enhenced (0t and

Th _TEsT | REFOAT RESIATS ECREEN | EUT Setfings|

On this screen the following parameters can be observed by clicking on the tick boxes
across the bottom of the graph area....
: Set point (stress level)
Actual stress level. This shows the measured values during an enhanced test. If a
conventional test, then this shows the values obtained during the pre-scan.
EUT monitor levels
EUT monitor limit levels

In addition, the Monitor area provides readouts of the frequency, actual stress level,
timing and EUT status (OK or Fail).

The above screen shows the 4 analogue input channels plotted. Note that each channel
may show as 2 lines. These represent the max and minimum measured values during

each dwell period. So if an input varies widely due to noise or instability, the effects can
be clearly seen.

The straight lines at 10V indicate the set level and the achieved level.
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Within the main control screen (E3), the
state of the EUT inputs can be monitored
on a bargraph display. This shows all 4
inputs, together with the thresholds
shown as background colour. This display
is updated continuously during a sweep,
showing the max and minimum
measurements during a dwell period, so
that all excursions can be observed.

The thick black line is the current reading,
the white centre shows the precise value.
The thin red lines are the maximum and
minimum readings during the test.

The red and green background bands
show the thresholds of the high/low
limits.

The Reset button will reset the max and
min memory.

Continuous
V¥ Channel B Active
W Channel D Active

: ingle 4 Reset
¥V Channel & Active

¥V Channel C Active
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ANNEX

Annex A: Best practice.
Annex B: Shipping list

Annex C: Software installation
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Annex A: Pitfallsand practiceof IEC
61000-4-6 conducted immunity testing

By Tim Williams, EImac Servicesand Richard Marshall, Richard Marshall Ltd

I ntroduction

|EC 61000-4-6 iswidely used for compliance testing of RF immunity of apparatus for the
EMC and R& TTE Directives. It applies an RF stress over the frequency range 150kHz—
80MHz to the cables connected to the equipment under test (EUT) to determine its immunity
to this stress.

The principle of thetest isto excite both electric and magnetic disturbance fields within the
EUT by applying the stress in common mode with respect to the ground reference plane
(GRP) to certain selected cables entering
sl [Commtifocton | Low it (Figure 1). The stressis applied

| = Li*'—ilﬂi" —— through a defined source impedance of
' : Decaustegpedarce 150Q, which is also taken to be the
g F, sl " iiand s impedance of other cables connected to
& e 'L theEUT. Therefore we must use
" = | }—T{ | —— networksto stabilise thisimpedance or to
ﬁ m_‘__*—-_ % - decoupleit, so asto ensure that unwanted
S O T variations have little effect on the test;
. = (L) and also make sure that the layout of the
| ol ogsecion test is controlled so that variations due to

stray coupling are minimised. Clause 7 of

Figure 1 Principle of conducted immunity testing the standard covers these issues

(according to thefirst edition)

The second edition

|EC 61000-4-6 has recently been republished in its second edition [4], although at the time
of writing this has not yet been published in Europe as an EN. There are numerous changes
from the first edition, ranging from merely editorial to fundamental changes in the method,
and anyone who isfamiliar only with the first edition will need to revisit the standard to
upgrade themselves. One of the most important changes is the move from multiple 150Q
terminations to only a single one. Conceptually, we can imagine the tests applying to arange
of different products (Figure 2):

(8) simple mains-powered apparatus with no other signal or power connections, e.g. household

appliances: RF returns only through stray capacitance to the ground plane (remember that the RF is

applied in common mode to L, N and E together with respect to the ground plane)

(b) mains or DC powered apparatus with one other signal or power port, e.g. power supplies, some
instrumentation: RF returns through stray capacitance and through the untested but terminated port

(c) apparatus with more than two ports for power and signal, e.g. most I T equipment: RF returns
through stray capacitance and all untested but terminated ports
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()
s =18 The issue here is whether in the third case above, more than
150R] D one untested port needs to be terminated. The first edition
8.8 T Figure 9 showsthat “all non-excited Coupling-Decoupling
' Network (CDN) ports shall be terminated by 50Q loads’,
implying a 150Q termination for each cable, so that

(b) potentially the RF return path could have alow impedance
e EUT e if several terminated CDNs are used. In the second edition,
150R, sor  thishas been changed to insist that “in any one test, only

o)\ ___? / two 150Q networks are required ... one CDN shall be

connected to the port to be tested and one CDN with 50Q
termination shall be connected to another port. Decoupling
(¢) w1 networks shall beinstalled on all other ports to which
j= cablesare attached. In this manner thereis only one loop
terminated with 150Q at each end.” (new 7.1.2, 7.2).

150R] {150 |
1

o | DV

This change will mostly affect small multi-port devices,
Figure2 Terminating different ~ Since the untested but terminated port will now be the only
types of EUT one passing RF current out of the EUT. All other ports are
decoupled but not terminated. The change will increase the
capacitively-coupled voltage stress and decrease the magnetically coupled current influence.
Decoupling networks just provide a high seriesimpedance; they are usually clamp-on ferrite
absorbers, but you have to be sure you are using an absorber which has a high impedance
down to 150kHz. Thisis not an everyday item, evenin an EMC test lab, although it is
possible to build or otherwise procure one [2].

For alarge EUT in ametallic enclosure the changed method of the second edition will make
little difference since the capacitance to ground of the EUT will typically be sufficient to
bypass current away from the non-excited ports.

Choice of transducers

The standard allows three methods for injecting the stress, and assumes that results from
each will be equivalent, although it is now stated that the CDN method is preferred:

CDN (including direct injection)
EM-Clamp
Current probe

This paper discusses the pros and cons, as well as the precautions to take for best practice,
for each method. It refers throughout to the second edition for relevant paragraphs, although
where this has made changes, the first edition is a'so quoted.

CDN

The Coupling-Decoupling Network (CDN) is designed to couple the disturbance signal
directly to the EUT cable while at the same time preventing it from passing towards the AE
(associated or auxiliary equipment). It must also provide afixed common mode source
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Laplace Instruments Ltd

impedance towards the EUT. The discrete
components allow a more compact assembly than
the other transducers to be discussed; in the
assembly shown above the EUT and AE
connections are at the top and bottom respectively
of the picture and the rf injection isto the BNC
connector on the | eft.

Impedance
tﬁu;::nr?aled reference
Equipment ——— s
R
IR
Figure 3 shows the schematic of a CDN coleilep ¢ lec e . EUT
for amains three-wire (M3) circuit. It e :
comprises an assembly of a multi-turn -
common-mode choke for insertion in b
. . . i roun a B il Mt Lt Y|
series with the EUT cable, together with “5— Ll B
shunt rf filter capacitors CD on the AE Figure3 An“M3" Coupling-Decoupling Network
schematic

side and injection coupling components

onthe EUT side. In generdl, if therearen

wires then each is coupled to the tester viaan equal resistor of value nR ohms with an
appropriate blocking capacitor CC in series. R is 100Q in the standard specification.

Advantages
Its prime advantages are near-perfect decoupling of the AE and low uncertainty of the applied stress.
Minimal power is required and there is minimal radiation or environmental influence.

Additionally it defines a 150 common-mode cable impedance, formed from the 50Q generator
impedance in series with 100Q resulting from the injection resistorsin parallel. Thisimpedance damps
cable resonance to increase the repeatability of the test and approximates to real-life, giving avery
credible test.

Disadvantages

Itisinvasive, that isit requires an electrical connection to the cable shield if thereis one, or to each
core of an unshielded cable. Accordingly different networks are required for different cables,
increasing the capital investment required for general test house use.

This disadvantage has been partially overcome by versatile CDNs[6] in which avariety of CDN
configurations can be achieved by patching links within the AE and EUT connectors. The CDN
pictured here may properly be used with coaxial and shielded cables of 1 to 6 cores, and with
unshielded cables of 1,2,3 and 6 cores.

Serious errors may result if an ordinary CDN is used with fewer than its intended number of wires,
such as for instance using an M3 CDN for a mains port with only live and neutral. The reasons for this
are set out below under “CDN Cautions”.
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CDN Cautions

The standard for the CDN only specifies its common-mode impedance. The coupling
between the individual conductorsis not specified. This|eaves the choice and arrangement
of the ferrite cores and the construction of the winding entirely to the test equipment
manufacturer. Consequently avariety of solutions are in use that meet the common-mode
requirements but have varying differential-mode characteristics.

L eakage inductance and transmission-line resonance within the choke are both important but
unspecified sources of error since both effects alow the individua wires through the CDN to
exhibit individual impedances — that isthey may carry different rf voltagesif the circuit
conditions allow. This may be understood from Figure 3, where the EUT has an isolated
transformer winding connected to two wires of its mains cable, whilst its chassis — and hence
most of its circuitry and any other cables — is connected to the third. The impedance seen
looking into the EUT from the CDN at the reference pointsis quite high for the upper two
wires, being dominated by the effect of the stray capacitance of the transformer winding to
its surroundings. The impedance of the lower (ground) wire may be very low, being
dependent upon the capacitance from the EUT to the ground plane below, and on any other
cables connected to the EUT (but not shown on this simplified drawing). If the CDN'’s
isolating inductor comprised three un-coupled chokes then because of the source resistors 3R
the immunity test voltage injected into the EUT would clearly be much higher on the upper
two wires than on the lower one. Unless the multi-wire choke acts as an effective
transformer to equalise the voltages on these three wires there will be transducer errors — but
if the choke were perfect in this respect then much less intrusive CDNs could have been
specified in the immunity standard which used only transformer action and a primary circuit
with asingle injection resistor.

The magnitude of this effect with
commercially available CDNs can be
measured with the test set-up of Figure 4,

in which the desired selection of the CDN
@ EUT wires—10of 3,20of 3oral 3of 3—

are connected to the input of a spectrum
% L analyser, and the CDN is driven from the
= voltage  output of the tracking generator. If the

generator i X
.8 = ground plane measurement transformer action of the common-mode
choke were perfect then we would expect
Figure 4 Test of a CDN with an unbalanced load the same voltage measurement in each
case.

Figures 5 and 6 show how the output varies with frequency for two different
implementations of the standard M3 3-wire CDN. In each chart the “0dB” ordinate
represents the theoretical 1oss of a 100Q2 resistor between a 50Q2 source and a50Q2 load. The
dotted “3 of 3" plots represent the uniform loading of the wires as envisaged in the standard
and show less than 1dB of additional loss which 2would be partialy calibrated out by the
normal calibration set up with a 150 load. The“1 of 3” linesin each case correspond to only
one wire being connected to the analyser.

That plotted in Figure 5 exhibits afall of 5 to 6dB over awide range of frequencies around
15 and 50MHz, whilst that in Figure 6 shows a9dB fall in coupling in a narrow frequency
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range at about 67MHz.

.......................... R In CDN “B” the wires occupied separate
=Lttt s sections of the core perimeter. The
resulting large leakage inductance
resonates with stray capacitances but is

4B 'Dﬂ damped by the core losses producing the_
EEEERAnk broad resonance bands that may be seen in
---sor3 LI Figure5.
= —1af3 1
§ — Hega.mz.
1 10 100

In contrast, CDN “A” embodied a choke
constructed with its three wires twisted
together before winding. This minimises
leakage inductance — but thereis still a
narrow-band resonance at 67MHz at which
the wire being measured is almost totally
disconnected from the other two wires. It
can only “see” itsown 3R injection
resistor. At this frequency the length of the
wires that form the CDN chokeis an
electrical quarter-wave. The wires are
short-circuited to rf at the AE end by the
capacitors CD (see Figures 3 or 4). This
short-circuit is transformed by the quarter-
wavelength into a very high mutual
Figure 6 Loss through M3 CDN “ A" with unbalanced impedance at the EUT end. Thisis purely
load adifferential-mode effect in which the
ferrite choke core plays no magnetic part.
The“ Q" factor of the resonanceis high since the only losses involved are those of the
dielectrics surrounding the wire and within the capacitors CD.

Figure 5 Loss through M3 CDN “ B’

As stated above both these CDNs work well when the EUT circuits offer the same
impedance to each wire but give unquantifiable errorsin other cases. We have taken as an
example the case of the 3-wire mainslead, but other important cases are process control
cables with varied circuits within the same cable, and 4-pair data circuits such as “Cat.5
UTP” where some pairs are used for balanced data and the remaining wires are either used
for unbalanced power or not used at all.

There are only two CDN design solutions to this problem; the length of wirein the choke
must be short enough to push the resonance above the maximum frequency of test, or the
resonance must be damped by introducing extra resistive impedance at the AE end.

A reduced length of wireis possible for some varieties of low-power CDNs but since IEC
61000-4-6 edition 2 Annex B extends the common mode impedance specification from
80MHZz to 230MHz the scope for this method is now limited.
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ta l fram
Associnted

AEtocmw Damped-resonance CDNs are available
quipmen

[3] for the particularly difficult high-
current applications where the choke
must be a physically large component.
Damping is achieved by resistors that are
transformer coupled to the individual
choke wires asmay be seenin Figure 7.

e s NOte that the damping components X are

applied at the AE end of the transmission
Figure 7 Resistors X provide damping of transmission-line line choke adjacent to the rf short-circuits
resonancein a CDN provided at CD. At this point rf current is

highest and the damping resistors will

have greatest influence. Because the coupling between the wires of the main choke is now
much more effective, this solution does alow asingle CDN to serve amost any conceivable
ac or dc single phase or three phase application up to 100 amps with or without associated
voltage or control circuits, overcoming for power applications al the disadvantages of CDNs
listed earlier.

EM-Clamp

The EM-clamp is a clamping device that subjects the
cable under test to both capacitive and inductive coupling
of the RF stress. It wasinvented largely for thistest by
Bersier and Ryser at the Swiss PTT.

Advantages

Its principal advantage isthat it is entirely non-invasive. No connection need be made to the cable
under test.

Its second main advantage is that it allows adequate decoupling of the AE at high frequencies. The
designis arranged so that the capacitive and inductive coupling paths reinforce one another at the EUT
end, and cancel at the AE end. This gives the clamp about 10-15dB of directivity above 10MHz.

Thirdly, it is reasonably power-efficient, although not as good as a CDN; for the same stress, about
6dB more power is needed.

Disadvantages

Because it uses a series of ferrite sleeves to provide the inductive coupling, it is quite
long, and to provide good capacitive coupling it has arelatively narrow inside
diameter. This makesit bulky to use and restricts its application for short or large-
diameter cables.

Below 10MHz its directivity is negligible and therefore the AE low frequency
common mode impedance is not decoupled.

It does not provide an accurate source impedance of 150Q across the frequency
range.
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Current injection probe

The current injection probe (or Bulk Current Injection,
BCI, probe) was not part of the original method but was
added before the standard was published at the insistence
of several |aboratories who were already using it for
military standard tests. It acts as a current transformer
whose secondary is the cable under test; it provides
inductive injection only.

Advantages

Its main advantage, and the reason it iswidely used by many labs, isthat it is both
convenient and non-invasive. Because it is compact and can be made with quite a
wide aperture, it can be used on virtually any cable, even short runs with limited
access. This makes it the transducer of choice for in-situ tests.

Disadvantages

Balancing this practical advantage are several technical failings. There is absolutely
no decoupling of the AE, since the current induced on the cable must flow both into
the EUT and the AE. Therefore the AE is being tested just as much as the EUT.

The applied stressis very dependent on cable layout and AE impedance. The current
flowing into the EUT is determined by the impedance of the cable, which actsas a
transmission line a high frequencies and so may have standing waves due to
mismatches, and by the impedance to the reference plane of the AE. So this offers the
highest uncertainty and least repeatability of all the methods.

The probeislossy and has a high power requirement. The higher itsinternal turns
ratio the more power is needed, but low turns ratios affect the coupling of the probe
to the cable and are effectively forbidden by the standard.

Equivalence of results

The standard does not categorically specify which transducer method to use. Its Figure 1,
“Rules for selecting the injection method”, asks the first question “Are CDNs suitable?’, to
which if the answer is yes they should be used. Criteriafor suitability are not defined. Clause
6.2 of the second edition says that CDNs are to be preferred but are not mandatory. In the
European pre-standard ENV 50141 they were mandatory for al AC and DC power supply
cables, but only arecommendation appearsin IEC 61000-4-6 (in clause 6.2.1.1).

It must therefore be assumed that if one laboratory decides that for a particular port aCDN is
suitable, and uses it, while another does not and uses an EM-clamp, and athird elects for the
current injection probe, then the results of all three laboratories are deemed equivalent.

Reference [1] investigated this equivalence and concluded

If the Zag (see later) is maintained accurately at 1500 then all three transducers can
give very similar results; the two clamp methods differ from the CDN reference level
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by less than 2dB over the range up to 10MHz, unless the current probe turnsratio is
aslow as1:1.

Any departure from 150Q of Zxg causes adeviation in the injected stress
corresponding to the ratio of the total impedances for each of the clamp methods, but
no change for the CDN. The deviation is equivaent for the EM-clamp and current
injection probe at low frequencies, but reduces markedly for the EM-clamp at high
frequencies.

Aspects of best practice

This section discusses precautions which must be taken in the test method for each of the
above transducersin order to get the best repeatability.

In al cases, you must respect the rule that says the transducer-to-EUT cable length should be
10 —30cm. Anything longer contravenes the standard. It will become resonant towardsthe
top end of the frequency range, and at a quarter wavel ength the common-mode impedance
presented by the EUT will be transformed into its opposite: a high impedance will appear as
alow impedance at the transducer, and vice versa. Thisintroduces problems for EUTs which
have cable entries more than 30cm above the ground reference plane.

These problems have been addressed in A1 to the second edition [5]. This adds an
informative Annex F, “Test set-up for large EUTS’. The modified set-up uses either an
elevated horizontal ground reference plane to which the CDNs are bonded, and which allows
the CDN-EUT cable length to be maintained at |ess than 30cm; or avertical ground
reference plane, again used for bonding of the CDNs. The vertical GRP, for instance a
screened room wall, islikely to be the more attractive to test labs, since it can be used for all
types of EUT regardless of the actual height of their cable entries. It will also give more
repeatabl e results than an elevated horizontal plane, which islikely to suffer from resonances
caused by its own capacitance and an inductive connection to the main ground reference
plane.

In al cases the dc or low-frequency current path through the transducer should be controlled
to prevent saturation of the ferrite. Thisrequiresthat for al circuits the flow and return
conductors must go through a single transducer. For example, even if a high-power dc
supply uses separate cables for its positive and negative wires these should both pass through
asingle M2 CDN.

CDN
Selection

Use the right one for the cable: don’'t use M3 for M2, M5 for M3 etc unless the CDN
supplier specifically recommends this. For details see“CDN Cautions’ above.

Grounding

Ground it properly. The disturbance voltage must be applied with respect to the GRP but the
voltage feed from the generator is actually connected viathe BNC socket on the CDN case.
Therefore there must be minimal impedance between the case and the GRP, since this
impedance appears directly in series with the applied stress. A metal-to-metal contact is best;
any grounding strap must be short and wide since its inductance must be negligible all the
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way up to 80MHz (or 230MHz). Green-and-yellow wires, always the bane of EMC
engineering, are outlawed.

EM-clamp
AE CM impedance

With the EM-clamp, it is necessary to constrain the AE CM impedance (Zagat low
frequencies. At these frequencies?) to 150Q (generally below 10MHz) the EM-clamp acts
mostly like the current injection probe, in that it applies current more than voltage to the
cable under test, so that the impedance of the total loop isimportant.

However, the directivity of the clamp above 10MHz means that this requirement largely
vanishes and the ZAE may be uncontrolled. Thisis actually a happy result, because the
principal difficulty in controlling Zag is at high frequencies, where stray capacitance of the
AE to the ground plane, and resonances in unavoidably long cables to and from the AE,
cause the most problems (but see [2]). Provided that the LF impedance is maintained at
150W, which can most easily be doneif the AE is mains-powered with amains CDN on its
input and all ports other than the cable under test |€eft floating, then the HF impedance can be
left to look after itself.

Grounding

Like the CDN, the EM-clamp applies aform of voltage injection with respect to the ground
reference plane. Therefore it is again necessary to ground it properly, with a short, direct
strap and preferably with the ground plate making direct contact. It cannot be used correctly
if itisnot placed on and connected to the GRP. This differentiates it from other forms of
clamp, such as pure decoupling clamps, common mode absorbing devices, or the MDS-21
absorbing clamp used for some emissions tests. These devices use only ferrite, to increase
the common mode series RF impedance of the cable, without reference to ground.

Current injection probe
AE CM impedance

With the current probe, it is necessary to constrain the AE CM impedance to 150Q at all
frequencies. This, of course, isfundamentally difficult to achieve, and even more to confirm.
The actual CM impedance at the AE port is out of the hands of the test [aboratory; only the
impedance of the AE itself to the GRP can be controlled, most easily using a CDN on its
power supply, but at high frequencies thisis compromised by its stray capacitance to the
GRP. Add to this the effect of longer cables between the AE and the probe, and it can be
seen that at high frequencies (typically 26MHz and above) predictability and repeatability of
the stress induced by the current probe is very unlikely.

It follows from this that you should only apply the probe to short cables, preferably shorter
than 60cm, and certainly less than 1m. For cables longer than this, use the EM-clamp. Some
laboratories believe that avery long cable (> 5m) between the clamp and the AE will
somehow “attenuate” the signal applied to the AE. Thisis nonsense; all that happensis an
arbitrary and unnecessary reduction of the frequency at which cable resonance effects
become significant, leading to even greater lack of repeatability.
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Current monitoring

If you are using clamp application and the AE CM impedance cannot be constrained to
150Q —whichis, practically, the case for the mgjority of test set-ups — then clause 7.4 of the
(new) standard puts further requirementsin place. It states “it is necessary that the common
mode impedance of the AE be less than or equal to the common mode impedance of the
EUT port being tested. If not, measures shall be taken ... at the AE port to satisfy this
condition.” The applied current is then limited through the use of a secondary monitoring
probe to what would occur in atrue 150Q system, that is, double that which occursin
calibration, which is a 300Q2 system. The measures to be taken include, as an example, the
use of aCDN-M1 or 1500 resistor from the AE to ground.

It isunrealistic under real life conditionsin test labs to verify the AE CM impedance across
the frequency range for every test set-up. While a procedure for doing so can be envisaged,
using a spectrum analyser, tracking generator, a small coupling jig and some data reduction
software [7], this would noticeably extend the time taken to complete what is already a
potentially long-drawn-out test. It is aso equally unredistic to verify the EUT port CM
impedance. So under real life constraints labs tend not to ensure that the common mode
impedance of the AE isless than or equal to the common mode impedance of the EUT port.
Although the current limiting method ensures against over-testing if the EUT port impedance
drops to zero, it would only ensure against under-testing if the AE port impedance wasin
fact maintained at less than 150Q. Thus laboratories are left largely without guidance in this
crucial aspect of the test, and as a matter of practiceit is easy for them to pay insufficient
attention to controlling the AE CM impedance as the standard requires.

Thethreat ismainly that, if the AE isleft floating,
because for instance it is battery powered or
U passive and there is nowhere to connect a
s ] grounding resistor, the return path for the stress at
J150m low fregquency is high impedance, being only
B A _ provided by stray capacitance from the AE to the
this reslsior necesaary io provide siress current refum path ground pl ane (F| gure 8) Thusthe EUT cannot
avoid being under-tested at low frequencies since
Figure 8 The problem of floating AEs both types of clamp deviceinject mainly current
rather than voltage at this end of the range. The lab
will ignore this, since there is no requirement on them to control the minimum injected level,
and the customer won’t object if their equipment passes. At higher frequencies, the situation
improves because the stray capacitive impedance of larger AEsislow enough for areal test
to be made.

cabde under test
cuiimienl prdbe

—e150R =

For a correctly implemented test, it is essentia to find some way of ensuring an AE common
mode impedance of at most 150W. Manufacturers’ labs who regularly test only afew types
of interface can create jigs for this purpose, but for ageneral test lab who may be faced with
awide variety of products from day to day, thisisamajor overhead. The articlein the
previous issue of EMC Compliance Journal [2] offers one solution to this problem for both
the EM-clamp and the probe.
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Conclusions

This paper has discussed severa issues that arise from the application of IEC 61000-4-6. Itis
avery complex and difficult test to perform properly, especidly if the EUT, AE and their
cables do not conform to the simple set-ups envisaged by the standard. Thereis no universal
guidance that can be applied for al cases, but an understanding both of the principles of the
test and of the coupling transducers that it allows can guide alaboratory towards applying it
in the most effective way for a given case.

Summary of best practice

Thedrawing below isareproduction of fig 2b of the second edition of |EC 61000-4-6.
Theannotations should be self-explanatory.
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ANNEX B

Shipping list
Item Qty Note
RFIC46 1
RFO250 1
Software 1 Supplied on CD
CDNs As ordered
6dB attenuator As ordered
Cable BNC—BNC 1 RFIC46 to RFO250
Cable N—N 1 RFO250—Atten (if used)
Cable N—BNC 1 Atten to CDN
Cable BNC—BNC 1 Feedback signal
BNC right angle 2 CDN connections
adaptor
50o0hm 1
termination
46Z2Z As ordered Calibration adaptors
46GP As ordered Ground plane
46 XP As ordered Extension ground plane
USB cable 1 PC to RFIC46
15 pin D type 1 For EUT prompt
plug
Cable cover for 1
above
4 pin DIN cable 1 RFIC46 to RFO250

(interlock)
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Annex C

Software installation

The software is supplied on a CD, together withy any relevant calibration files required
for CDNs, and a copy of this manual in pdf format.

CD Contents
RFIC_4 6.ms  Main programinstall file.

USB_Drivers
-DeVaSys Usbl2clo Drivers 32 bit.msi
-DeVaSys Ushl2clo_Drivers x64.msi

Cdlibration Files
*ixt * = device serial number

The main software is provided as the .msi install file. Running this file will automatically
create the correct directories and install the necessary files.

This install should work on any current version of Windows.

Once the main program is loaded, the USB drivers must then be loaded. There are 2
driver install .msi programs on the CD. One is for 32 bit operating systems, the other
for 64 bit. Run the install to suit your PC.

The directory structure:

..... /Program Files/Laplace Instruments Ltd/RFIC-4-6

This contains:

Program file RF46.exe
Initialisation file RF46.INI

USB interface file Laplace USB.txt
USB driver Usbi2cio.dll

../My Documents/Laplace Instruments Ltd/RFIC-4-6/Results

This is the default directory for all saved results files.

../My Documents/Laplace Instruments Ltd/RFIC-4-6/User Apps Data

This contains:

Analyser calibration file: pscan.csv

Any other calibration files (eg for enhanced CDNs) These are loaded
when the relevant utility on the main program is selected.
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INDEX

AE (Associated Equipment) 7 Fuses 21
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Auto increment (level) 25 |EC61000-4-6 6
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CAUTIONS 3 Pre-scan mode 10
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Conventional technique 10 Single frequency mode 28
CDN— 7 Software—file definitions 47
Current probe 17 Software—Installation 47
Custom mode 25 Software—selecting injection device 13
Dwell time 15 Software—selecting test technique 13
EM Clamp 8 Saving results 24
Enhanced technique 10 Opening previous results 24
EUT monitor 28 Software updates viaweb site
EUT Prompt 21 Stressinjection 7
EUT status 28 Stress level—standard levels 6
Feedback inputs 20 Stress level—setting 9
Frequency selection 25 Test Setup 12
Front panel 20 Test Strategy 9
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