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1. SCOPE

1.1

1.2

1.3

1.3.1

1.3.2

Vehicle electrical/electronic systems may be affected when immersed in an electromagnetic field generated by
sources such as radio and TV broadcast stations, radar and communication sites, mobile transmitters, cellular
phones, etc. The reverberation method is used to evaluate the immunity of electronic devices in the frequency
range of 500 MHz to 2.0 GHz, with possible extensions to 200 MHz and 10 GHz, depending upon chamber size
and construction. Optional pulse modulation testing at HIRF (High Intensity Radiated Fields) test levels, based
upon currently known environmental threats, has been added to this revision of the standard. This document
addresses the Mode Stir (Continuous Stirring) Reverberation testing method which has been successfully utilized
as a design and production stage development tool for many years. The Mode Tuned (Stepped Tuner)
Reverberati j j i =

This document provides the component design and test engineers with a test procedureand the performance
requiremen{s necessary to quickly evaluate the immunity of electronic devices to radiated electromagnetic fields
early in the| design stage as well as pilot and production stages. This method is amalternative to testing in an
absorber lined chamber. Ensuring electromagnetic compatibility early in the development stage will minimize costly
changes later in the program and will prevent excessive component level hardening during full-vehicle level testing.

The reverbgration test method performs a dual function:

The primary function of the method is to provide a bench test procedure correlative to vehjcle-level radiated
immunity festing in the anechoic chamber and at mobile transmitter, sites.

The methpd can quickly evaluate the relative performance of different designs of the same devige.
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21.7 RTCAPu

blications
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RTCA DO-160G

Environmental Conditions and Test Procedures for Airborne Equipment

3. DEFINITIONS

Definitions specific to this test method are included.

3.1

A high Q shielde
averaged uniform

3.2 TUNER

A rotating metallig
rotates, the nulls
averaged uniform

3.3 MODE STIR

A reverberation method that rotates the tuner continuously while sampling the reference antenna red|

probe response, 3
3.4 REVERBEHR

Q is the chamber

as a function of frgquency and can be calculated (See-A.1.2).

3.5 NUMBERQ(

As a general rule
modes (N) which

3.6 LOADEDR
Qioaded 1S the chd

QLoaded with the D
time constant (7))

REVERBERATHONCHAMBER

H room (cavity) whose boundary conditions are changed via a rotating tuneriThis
electromagnetic field. See Appendix A for additional information.

reflector that changes the boundary conditions in a reverberationehamber as it rot

field. See Appendix A for additional information.

D

nd DUT response at rates much faster than the tuner revolution rate.
ATION CHAMBER QUALITY FACTOR (Q)

quality factor and is a measure of how well the chamber stores energy. For a given ¢

F POSSIBLE MODES (N)

the lower frequency limit-ef the chamber is dependent on chamber size and the n
Can exist at a given frequency.

FVERBERATION CHAMBER QUALITY FACTOR (Qpoadedq)

UT, wiring harness and support equipment will need to be calculated in order to deter|
for BUT test using pulse modulation.

results in a time-

htes. As the tuner

nd maximums in the field change location, ensuring the DUT and wiring harness are ¢xposed to a time-

eived power, field

hamber, Q varies

Lmber of possible

mber quality’factor and is a measure of how well the chamber stores energy with the DUT, wiring
harness and support equipment. The chamber Q will be effected by the DUT, wiring harness and s

ipport equipment.
mine the chamber

3.7

REVERBERATION CHAMBER 3dB Q BANDWIDTH (BW, ;)

An approximate equivalent definition for Q is the ratio of the resonance frequency to the bandwidth between the
frequencies on opposite sides of the resonance frequency (known as half-power points) where the response of the
resonant structure differs by 3 dB from that at resonance.

3.8 CHAMBER

TIME CONSTANT (7)

For transients or pulsed signals, the rise or decay time constant 7 is related to the Q of the chamber and frequency. 7 is
the minimum test pulse width that the loaded reverberation chamber can sustain.
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3.9 LOWESTU

SABLE FREQUENCY (LUF)

Is the lowest frequency for which the field uniformity requirements are met. The LUF is determined during the
characterization of the chamber in accordance with Appendix B.

3.10 UNLOADED CHAMBER LOSS FACTOR (Lynioapep)

The ratio (in dB) of the maximum received power (in watts) to the average transmitted forward power (in watts) over one
tuner rotation without the DUT and supporting equipment present. The Lynoapep is determined to provide a baseline for
comparison with a loaded chamber.

3.11 DUT LOAD

The ratio (in dB) ¢
tuner rotation with

3.12 RECEIVE H

The difference (in
full rotation of the

3.13 PEAK FIEL

The maximum fie
max) Mmeasured ovg

3.14 FORWARD
The forward powg
strength (Egesired),

(Prmax) measured

3.15 WORKING

The working volumne is defined as beingia distance of A/4 from the chamber walls and from any anten

object at the lowe
volume within the
is located on the t
3.16 DUT

Device Under Tes

D CHAMBER LOSS FACTOR (Lpyr)

f the maximum received power (in watts) to the average transmitted forward.power (|
the DUT and supporting equipment present.

OWER MAXIMUM TO MINIMUM RATIO (P; max/min)

dB) between the maximum received power (P; nax) and the minimum received pows
tuner. This shows the ability of the chamber and tuner to reverberate.

D STRENGTH INSIDE THE CHAMBER (Ejax)

d strength inside the chamber (V/m) which is calculated based upon the maximum
r one tuner rotation.

POWER REQUIRED TO ACHIEVE THE TEST FIELD STRENGTH (Prest)

r required, in dBm, to achieve the testdfield strength is calculated based upon the des
the maximum field strength (E.x) measured in the loaded chamber, and the maxim
n the loaded chamber over one tuher rotation.

VOLUME
st frequency of operation. For a chamber operating above 100 MHz, this would be (

reverberation chamber that contains the test bench, the DUT, the harness, the supp
bst bench and.the receiving antenna.

n watts) over one

r (P mn) Over one

receive power (P,

ired field test field
m forward power

ha, tuner, or other
,75 m. This is the
brt equipment that
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4. TEST EQUIPMENT

4.1

RF Signal Generator

500 MHz to 2.0 GHz (200 MHz to 10 GHz optional). Pulse modulation capability optional.

4.2 Broadband

Power Amplifier(s)

500 MHz to 2.0 GHz (200 MHz to 10 GHz optional). Power requirements: 50 W minimum below 1 GHz, 250 W above
1 GHz (pulse capability optional). The amplifier should be able to drive a load of any impedance mismatch for at least 15

to itself

s without damage

4.3 RF Circulat

An RF Circulator
with 50 Q RF Lo
Amplifier that it i
eventually cause
(high VSWR conc
power back to the
back” and/or “trip
throughout the ful

4.4 Antennas
Two antennas are
4.4.1 Suggeste
a. 500 (200 optig
b. 1GHzto2 (1
4.5 Spectrum A
500 MHz t0 2.0 G

4.6 Directional

br with 50 Q RF Load

vith 50 Q RF Load is recommended on the output of the Broadband Power Amplifier.
hd shall be rated properly (power handling and frequency range) for use with the
5 being used. As the tuner rotates, it will change the boundary conditions of the
h considerable amount of RF power to be reflected back into the Broadband Power Ar
50 Q RF load instead of the Broadband Power Amplifier RF output port. This will preyv

bing” due to the high VSWR condition and will provide for_ a more consistent forwar
rotation of the tuner.

needed, one for transmission and one for reception.
] antennas:

nal) MHz to 1 GHz - Log periodic

) optional) GHz Double ridged ‘guide

halyzer

Hz (200 MHz to 10 GHz optional).

Couplers

500 MHz to 2.0 G
minimum, and di

4.6.1

r
Two direl

Hz (200 MHZz to 10 GHz optional). Average power 500 W, peak power 10 kW, cou
ctivity 20°dB minimum.

The RF Circulator
Broadband Power
chamber and will
nplifier output port

ition). An RF Circulator with a 50 Q RF Load, on the output of the amplifier, will r¢vert the reflected

ent amplifier "fold-
d power condition

pling factor 20 dB

ional couplers are needed for the following use:

a.

Transmit forward power

b. Transmit reflected power

4.6.2 Typical Bands

a.
b. 1to2 GHz

C.

0.5 (0.2 optional) to 1 GHz

2 to 10 GHz (optional)
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4.7 10 dB Atten

uator

500 MHz to 2.0 GHz (200 MHz to 10 GHz optional), power rating 50 W average, 1 kW peak.

4.8

Power Meter

500 MHz to 2.0 GHz (200 MHz to 10 GHz optional), including power sensor heads (peak power sensor heads optional).

4.8.1

Two power meters are needed, one for transmit forward power-and one for transmit reflected power.

r revolution.

4.8.2 The pow
4.9 Computer

Specialized softw
the chamber perfq

for use during tesfing. The computer and software will then be used to control the RF test equipment ar
bre shall be capable of performing the tests as described in Section 7 0fthis document.

testing. The softw
4,10 Mode Stir G

Reverberation chd
cold rolled steel is
10 ft H). Key cha

411 RF Field Mq

Two broadband e
linear axis or, if is
(total field) output
probes should ha

4.12 Tuner
A three-dimensior
shall be made of
boundary conditio
interaction, is dets

4.13 Artificial Ne

See Appendix D f

meters should have a samnle rate sufficient to capture at least 400 samnles ner tun
g g g g

ontrol (recommended)

bre used in conjunction with a computer and the RF test equipment should be utiliz
rmance per Appendix B, prior to any testing. The software should store/the character

hamber

mber with a tuner (see Appendix A). The room shall be‘constructed of steel (preferal
allowed). Minimum recommended room dimensions{are 4.88 m x 3.66 m x 3.05 m
acteristics of the chamber shall be verified to ensuréan accurate and valid test (see A

nitoring

ectric field probes are needed for the empty chamber characterization. The probes
btropic, should allow access to each indjvidual axis. An isotropic probe with only the
may be used but will generally indicate a higher electric field than the receive power
e a sample rate sufficient to capture at least 400 samples per tuner revolution.

al, asymmetrical tuneris recommended. See A.1.4. of Appendix A for design conside
conductive material~(e.g., aluminum or galvanized steel) and capable of changing th
ns in a reverberation chamber as it rotates or moves. The tuner’s capability, along \
rmined by the feceive power max/min ratio (P maxmin) requirements specified in Table

work

br the.sChematic and impedance curve of the 5uH/50 Q AN.

bd to characterize
zation information
d tuner during the

ly galvanized, but
16 ft L x 12 ft W x
ppendix B).

should be a single
root-sum-squares
calculations. The

rations. The tuner
e electromagnetic
ith the chamber’s
B1, Step B7.

5. TEST CONDI

See SAE J1113-1

5.1

ITONS

Section 6 for additional guidance on test conditions.

Test Temperature and Supply Voltage

The ambient temperature in the test facility shall be recorded. A battery with an electrical charging system shall be used
to provide power to the DUT. The supply voltage to the DUT shall be in accordance with Section 6 of SAE J1113-1.

5.2 Frequency Range

To test automotive electronic systems, the applicable frequency range of this test method is 500 MHz to 2 GHz (200 MHz
to 10 GHz optional). Testing over the full frequency range is not required and should be done at the engineering judgment
of the component manufacturer. At a minimum the testing should be performed over the frequency range of 500 MHz to
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2.0 GHz. Different field-generating devices may be required for testing over the full frequency range. This does not imply
that testing of overlapping frequency ranges is required. Ultimately, the frequency range may be limited to the chamber
performance and the method being utilized.

5.3  Modulation

See SAE J1113-1. In addition, the characteristics of the DUT shall be used to determine the type and frequency of
modulation. If no values are agreed between the users of this document, the following shall be used: (a) No modulation
(CW), (b) 1 kHz sine wave amplitude modulation (AM) 80%, and (c) Pulse Modulation should also be considered at

frequencies above 800 MHz (see Table C1 of Appendix C for suggested Pulse Modulations and test severity levels
associated with those pulse modulations).

5.4 Dwell Time

See SAE J1113-1
the tuner. Tuner r
at least one rotati
field for the dura
possible to hold
enough that the fi
period that is seve

The rotation rate ysed at each frequency, as well as the method used to determine the rotation rate, mu

in the test report.
5.5 Frequency

See SAE J1113-1

logarithmic frequegncy steps, with the same minimum number of frequency steps in each frequer

determined using
the test report. In
these frequency
susceptibility threg

o}
:Le fields perfectly constant. Therefore, care must be taken to ensure that the tune

. In addition, at each frequency, the DUT shall be exposed to the test level for,at le
pvolution rate is typically 10 to 20 s/rev (3 to 6 rpm). If multiple tuners are @sed, the
bn of the slowest tuner. It is assumed that, during any measurement, the DUT is expd

n of the dwell time. Since, in a mode-stirred measurement, the tuner‘is constantl

blds remain approximately constant for the duration of the dwell time. This may requi
ral hundred times longer than the dwell time, and will be a function of frequency.

Bteps

. The tests will be conducted with the maximtm frequency step sizes shown in Tab
the formula and Table 2. The values, as-agreed by the users of this document, shall
bither case, if it appears that the susceptibility thresholds of the DUT are very near the
step sizes should be reduced. iny the concerned frequency range in order to f
holds. (Refer to SAE J1113-1.)

TABLE 1 - LINEAR FREQUENCY STEPS

Maximum Frequency Step

Frequency Band Size
200 MHz to 1 GHz 20 MHz
1 GHz to 10 GHz 200 MHz

st one rotation of
well time shall be
sed to a constant
y turning, it is not
r is turned slowly
re a tuner rotation

st be documented

e 1. Alternatively,
cy band, can be
be documented in
chosen test level,
nd the minimum

TARLE 2 OCARITHMIC TECT EDENIIENCY CA
LY =4 = =y = oMVt EoO T NEXUENT oy

]
=

7 T

+)

— % Frequency Range fo
ftest f() 2 (MHz) (MHz) n
where: 1...<30 1 7
/o is base frequency 30...<400 30 25
k is Frequency index number (1,2,3,...) 400...<1000 400 25
n is Number of steps per octave 1000...<10 000 1000 50
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5.6 Test Signal

Quality

See SAE J1113-1.

5.7

Threshold of Response

See SAE J1113-1. In addition for this continuously stirred test method; as a responding frequency is being thresholded,
gradually increase the signal amplitude in discrete steps and allow time for one full tuner rotation at each step. This will
allow the DUT to be subjected to the high point of the field. The peak field point shall be recorded as the threshold

amplitude level.

5.8 Test Severi

The DUT manufg
severity levels a
Classification incl
the suggested T¢q
equivalent root-m
amplitude and pul

6. TEST SETUP

6.1 Atypical lay
of a DUT te
6.2 The DUT s
should be u
6.3 DUT nomin
for monitori
6.4 Steps shall

erroneous i
simulator m
care should

y Levels

cturer shall specify the test severity level(s) over the frequency bands to be teste
e included in Appendix C. A full description and discussion of the Function Pe
ding Test Severity Levels are given in SAE J1113-1 Appendix A and should be revie

pan-square (RMS) value of an un-modulated wave. Peak powericopservation sha
5e modulated tests. (Refer to SAE J1113-1.)

out drawing of a reverberation chamber and its workingyolume is shown in Figure 1.
5t setup is show in Figure 2.

hall be operated in its designed modes. Appropriate control signals shall be provig
5ed for a subsystem test and simulated loads.fmay be used for a component test.

bl condition and deviation criteria shall-be clearly defined in the test plan. Appropria
ng and actuating the DUT shall be provided by the component supplier.

be taken to prevent RF energy from coupling into control and monitoring equi
eadings. This may requiresRF hardening of the simulator and the control/monitoring
py be placed outside the raom. Either filtering or fiber optic cables may be required.
be taken to ensure that the filters do not present additional loading or affect the immu

. Suggested test
rformance Status
wed prior to using

st Severity Levels presented in Appendix C. These test severity leyels are expressed in terms of

Il be used during

A general drawing

ed. Actual loads

te instrumentation

pment to prevent
equipment. The
If filters are used,
nity of the DUT.
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1. Volume of Uniform Eield/Working Volume

2. Tuner

FIGURE 1 - TYRICAL REVERBERATION CHAMBER LAYOUT (WORKING VOLUME
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J\Tuner

11. Spedrum Analyzer
2. DUT

12. Computer System wSoftware
3. Chamber Working Velume

T UMTRULET T ials
4. Tx Antenna
14. RF Amplifier
5. Load Simulator
15. RF Signal Generator
6. Batteryis) on Test Bench
18. Dual Channel Power Meter
7. Test Bench - Styrofoam Blocks (3)1m x

1m x 0.5m (with ground plane if required) 17. Dual Directional Coupler

&. Rx Antenna 138. Power Sensor

9. Tuner Controller 15. AM(s) (used with ground plane setup)
10. Attenuator 20. RF Circulator w30 £2 RF Load (optional)

FIGURE 2 - TYPICAL REVERBERATION CHAMBER LAYOUT FOR DUT TEST (TOP VIEW)
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If the outer case of the DUT is intended to be grounded to the vehicle metal structure, the DUT should be mounted

to a ground plane during testing. The ground plane should be placed at a distance not less than A/4 (at the lowest
frequency) above the floor level (preferably on a Styrofoam™ block). Large DUTs may be placed directly on the
floor. The ground plane shall be placed at least A/4 from any wall at the lowest frequency of use. If the DUT is not
grounded to the vehicle metal structure, the DUT and harness shall be placed directly on a Styrofoam™ block.

The ground plane shall be constructed from either copper, brass or galvanized steel.

The minimum ground plane size is defined in SAE J1113-1. The minimum size of the ground plane depends

upon the size of the system under test and shall allow for complete harness and system component placement.
The ground plane (with the exception of the grounding straps) shall be located within the chamber’'s working

6.5
6.5.1
6.5.2
volume.
6.5.3
the d.c. re
apart edg
6.6 Whenad.c
test chamb
maintenanc
power lead
coupling to
6.7 If no groun
connected ¢
6.8 If a ground
Power shal
ANs requirg
6.8.1 For arem
positive s
to the gro
6.8.2 Foralocs
supply lin
plane. Th
6.9 A 1700 mm
the wiring h
6.10

chamber wa

The ground plane shall be bonded to the chamber with bonding straps with a minimum width o

Antennas, probes,“and the DUT shall be placed at distances not less than A/4 (at lowest frg

sistance shall not exceed 2.5 mQ. The bond straps shall be placed at a distance no
b to edge.

power supply is needed to maintain battery voltage, the d.c. power supply shall be |
or. All power lines entering the chamber shall be filtered. Thefd.cs power leads
e within the chamber may be shielded from the chamber filter te_the battery connect
5 within the test chamber should be routed along the wall and*chamber floor in orde
hese leads.

d plane is used, then artificial networks shall not bejused. The power feeds to
irectly to the battery terminals.

plane is used, then each power supply lead_shall be connected to the power supp

be applied to the DUT through a 5uH/50:QAN. (See Appendix D for the schemati
d depends upon the intended DUT installation in the vehicle.

Lipply line and another for the power return line. The power supply negative terminal §
ind plane on the source (input)side of the return line AN.

e. The DUT power return line shall be no longer than 200 mm and connected dire
e power supply negative terminal shall be connected to the ground plane near the AN
+ 300/-0 mm_wiring harness shall be used, unless otherwise specified in the test pl
brness shallberdocumented in the test report.

lls and’corners. The DUT shall be at least A/6 away from the tuner.

f 7.6 cm such that
greater than 0.3m

pcated outside the
used for battery
on point. The d.c.
I to minimize field

he DUT shall be

y through an AN.
C.) The number of

otely grounded DUT (vehicle power-return line longer than 200 mm), two ANs are required: one for the

hall be connected

lly grounded DUT (vehicle\power return line 200 mm or shorter), only one AN is requited for the positive

ctly to the ground
case ground.

an. The length of

quency) from the

6.11

The location of the transmitting (Tx) antenna shall be the same for both characterization and testing. The

transmitting antenna shall not directly illuminate the working volume. The transmitting antenna should be directed
into a corner of the chamber if possible (see Figure 1 for location of transmit antenna). Directing the antenna into
the tuner is also acceptable. The transmitting antenna should be supported by a non-conductive stand (e.g. non-
conductive tripod or polystyrene fixture) and should be placed at a distance not less than A/4 (at lowest frequency)
from the chamber walls and corners.

NOTE: An upward tilt of the antenna is advisable to avoid direct incident wave illumination of the chamber wall resulting

in a poten

tially high VSWR situation.
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6.12 The receiving (Rx) antenna may be placed at an arbitrary position within the chamber working v

olume and should

be placed on a polystyrene support. The receiving antenna shall avoid pointing at the transmit antenna and centre

of the working volume.
6.13

6.14
equipment, etc.).

6.15
DUT response-time

Antennas and probes should be placed on Styrofoam™ supports, at least A/4 (at lowest frequency) above the floor.

All unnecessary RF absorbing material shall be removed from the room (e.g., wooden tables, carpeting, extra

Tuner revolution rate is typically 10 to 20 s/rev (3 to 6 rpm). This rate shall be adjusted accordingly for probe and

7. TEST PROCHDURE
7.1 CAUTION - The high RF field level generated inside the test chamber during this test may be ha
health. Safety precautions shall be taken to prevent human exposure to high RF field levels.

7.2  Setup the DUT in the reverberation chamber according to Section 6.

7.3  Preliminary [System Check

Perform the following procedure to verify test chamber operation for/the particular combination
equipment, and DUT. This preliminary check need only be executed ofce for each set-up. Perform th
the lowest test frgquency in the operating band of the set-up. Additional higher frequencies may be te
These data are dquivalent to that required in 7.4. (Chamber Field\.Calibration) and may be used to
frequencies tested. However, 7.4 does not require reflected transmit power measurements. The test r
frequencies tested and corresponding results.

7.3.1  Set the signal generator to the test frequency.ata low amplitude adequate for stable measurn
does not gvershoot the desired field strength in\the chamber.

7.3.2 Perform tihe procedure defined in Appendix B, B.3 through B.10. Replace the empty chamber
with Lpyr,|the chamber loss with all testiequipment and DUT in place.

7.3.3 Repeat 7.8.1 and 7.3.2 at higheritest frequencies, if necessary to check the test system and chg

7.4 Chamber Field Calibration

The calibration is
equipment, and D

necessary because the electric field depends on the total loading of the chamber by
UT. The calibration shall be performed at least once for each setup at every test freqy

rardous to human

of antennas, test
b system check at
sted if necessary.
satisfy 7.4 at the
eport shall note all

ements but which

0SS L ynioaded iN B.8

mber operation.

the antennas, test
ency.

7.4.1 Set the signalgenerator to the test frequency at a low amplitude adequate for stable measurements but which
does not tpvershoot the desired field strength in the chamber.

7.4.2 Set the spectrum analyzer to zero span at the selected frequency, in sample mode, with the sweep rate equal to
the tuner revolution rate. The resolution bandwidth should be wide enough to compensate for frequency
uncertainties.

7.4.3 Use a power meter and directional coupler to measure the transmit forward power (Py) and the spectrum analyzer

to measure the receive power (P,) over a complete tuner rotation. The receive power should
necessary to protect the spectrum analyzer.

be attenuated as

If the sample rate of the power meter is too slow, the transmit

forward and receive power may be measured consecutively with the spectrum analyzer over two tuner rotations.

Apply corrections due to coupler, attenuator and coax losses to the data in the same manner as

in Appendix B.
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Typically, with a stable signal generator and amplifier, the transmit forward power (Py) is nearly constant during a

complete tuner revolution.

measured at a fi
revolution.

744

Rotate the tuner at 10 to 20 seconds per revolution.

Subsequently, at frequencies where the variability of Py is acceptably
xed tuner position and assumed constant.

Capture at least 400 samples for ea

small, it can be

Receive power (P,) shall be measured for the entire

ch revolution. P,

readings should each have the same number of samples as taken in B.6 during empty chamber evaluation. The
starting position of the tuner is not critical. The test is not complete until the tuner has moved through all possible

positions.

7.4.5 Calculate the chamber loss with the DUT present / 57 over one complete tuner revolution as in B.8 (Lupageq i
equation B1 is replaced with Lpy7). If the A Lpyr and Lyppadeq iS > 6 dB, check the setup and thep record the value
in the test report. At frequencies not in compliance, testing with this method is not validyand these frequencies
shall be r¢corded in the test report.

7.4.6 Determing the receive power max/min ratio (P, maxmin)- It should be 20 dB or greater.’ If the ratio is less than 20
dB, checl{ the setup. If the setup is acceptable, note the receive max/min ratio in the test report

7.4.7 Determing the maximum electric field E,,., as in Appendix B, B.9 using the,maximum receive power.

7.4.8 For pulse|modulation testing, determine the pulse distortion inside the reverberation chamber psing the transmit
forward ppwer (Py) and receive power (P,) measured in 7.4.3. See A’1.4 for calculation and use of the chamber
time constant.

7.4.9 Based onl comparison of the results of steps 7.4.3 and 7:4.7, establish the correspondence| between forward
power angl maximum field strength. The relationship is linear (i.e., 1 dB increase in forward power corresponds to
a 1 dB indrease in field strength).

7.5 DUT Test

7.5.1 Using the|information from the Chamber Figld Calibration of 7.4, calculate the test forward power (Pres) using the
following ¢quation:

B =20*log —dred |4 p
Test g max (Eq. 1)
max

where:

Prest = the foryvard paowerrequired to achieve the test field strength (dBm)
E.esirea = the desired test field strength inside the chamber (V/m)
E ax =the maxi

Pt max = the maximum forward power measured in 7.4.3 over one tuner rotation (dBm)
7.5.2 Adjust the signal generator output to achieve the test forward power (Pr.s) necessary to obtain the desired test
electric field strength as predicted in 7.5.1. This should result in the desired electric field strength (See Appendix
C for suggested test severity levels). Measure P, over one complete tuner rotation. Measure the same number of
data points as in 7.4.4. Calculate the maximum field strength as in 7.4.7 to verify that the intended level is
reached within £1 dB. If the desired field is not obtained, adjust the signal generator until the desired field
strength is reached. If power is not detected on the receive antenna, further investigation is warranted to ensure
that the field is actually present in the reverberation chamber.
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7.5.3

7.5.4

Monitor the DUT functions (as defined in the test plan) continuously for the duration of one revolution of the tuner.
Rotate the tuner as defined in 6.15. If no deviation occurs, continue to the next frequency. If a deviation does
occur, decrease the forward power (and maximum field strength) and repeat the test. Continue this process until

no deviation occurs.

The lowest level at which a deviation occurs is recorded as the immunity threshold.

Immunity threshold determination shall be for an entire tuner revolution to ensure that the DUT is exposed to the
peak field.

Repeat 7.4 and 7.5 for all required test frequencies.

8. TEST REPORT

The following infoymation shall be included in the test report.

8.1 Part Numbgr and/or the Description of the DUT

8.2 DUT Operafing Conditions (i.e., test plan)

8.3  Description |of the Deviations Monitored

8.4 Date of Tes}

8.5 Facility Nanme

8.6  Modulation Btatus

8.7 Maximum Fjeld DUT Exposed to at Each Frequency

8.8 Equipment Limits, if reached

8.9 I2n0di(;:§te frefluencies where L has increased by-more than 6 dB and/or receive power max/min| ratio is less than

8.10 Requesting|Engineer

8.11 Requesting|Company

8.12 Data Summary Sheet for Each Deviation

8.13 The rotatiom 'rate used{at'each frequency, as well as the method used to determine the rotafion rate, must be
documented in the test report.

9. NOTES

9.1 Marginal Indicia

A change bar () located in the left margin is for the convenience of the user in locating areas where technical revisions,
not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document
title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in
original publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE EMI STANDARDS COMMITTEE
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AA

APPENDIX A - REVERBERATION CHAMBER DESIGN CONSIDERATIONS
(NORMATIVE)

PHYSICAL DESIGN CONSIDERATIONS

The criteria which should be considered in designing a radiated immunity reverberation chamber are addressed under the
following categories:

Chamber physical shape and volume

a.
b. Chamber qua
c. Chamber aux
d. Tuner design

e. Chamber exc

A1A1 Chamb

itv factor (Q)
7 \ 7

liary needs (venting, electrical power, DUT monitoring requirements)

tation and field monitoring

br Physical Shape and Volume

For optimum chamber performance (i.e., spatial field uniformity and accuracy:in’determining the test f

low frequencies,

he volume of the chamber should be as large as possible and the room dimensiq

integer multiples
may not reverber

bf one another. Rooms with integer multiple dimensions will have degenerative mog
te at all test frequencies). Choice of chamber sizewill be dictated by test volume 5

lowest test frequency requirement, and budget considerations, The usable frequency range of the

determined mainl
but cold rolled st

by the chamber size and construction. The rooem shall be constructed of steel (pref
| is allowed). Minimum recommended room:dimensions are 4.88 m x 3.66 m x 3.05

W x 10 ft H). Key characteristics of the chamber shall be verified to ensure an accurate and valid test
The tuner size anfl construction will also have an effect oh*the usable frequency range of the chamber|

rooms may be us

As a general rule
given chamber, u

d but only at higher frequencies (see\Appendix B).

the lower frequency limit is dependent on chamber size. To determine the lower fre
se the following formula to~determine the number of possible modes (N) which ca

frequency. If, for a given frequency, N is less/than 100 then the chamber should not be used at or bel

eld), especially at
ns should not be
es (i.e., the room
ize requirements,
chamber will be
brably galvanized,
m (16 ft L x 12 ft
see Appendix B).
Smaller shielded

quency limit for a
h exist at a given
pw that frequency

- nTanxﬂ}

(Reference MIL-S|TD-461F).
87 ’
N =—abd f—3
¢ (Eq. A1)
where:
a, b, and d ar¢ the-.chamber internal dimensions in meters
fis the operatTon frequency inHz
c is the speed of propagation (3 x 10" m/s)
A1.2 Chamber Quality Factor (Q) (Reference: IEC 61000-4-21 and RTCA DO-160G)
Q factor is a measure of a chamber's ability to reverberate. Q, for a cavity, is defined as shown in Equation A2:
167°V | P
Q_ < AveRec > (Eq A2)

P Avelnput
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where:

V = the chamber volume (m°)

A =the wavelength (m)

(<PaverecPaveinpur>) is the ratio of the average received power to the average input power over one complete tuner

rotation

nrx and 7gy are the antenna efficiency factors for the Transmit (Ty) and Receive (Ry) antennas respectively. If the
manufacturer’s data is not available, then the efficiency can be assumed to be 0.75 for log periodic antennas and 0.9

for horn anten

nas.

It should be stanq
(e.g., windows)

A1.3 Reverb

An approximate
frequencies on o
resonant structurg

where:

f;’esonance is Reg
BW3dB is 3dB

A1.4 C

F or transients or
equation

where:

ard practice to keep the chamber clear of lossy material such as wood, carpeting;

eration Chamber 3dB Q Bandwidth (BW, ;)

bquivalent definition for Q is the ratio of the resonance frequency ito the bandw
bposite sides of the resonance frequency (known as half-power points) where the
differs by 3 dB from that at resonance.

fresonance

BW, 3 = 0

onance frequency (Hz)
bandwidth of the resonance frequency (KHz)

hamber Time Constant (7))

fis the freque

Qs the Chanrber Quality Factor calculated in Eq. A2

ey (Hz)

hind RF absorbers

idth between the
response of the

(Eq.A3)

bulsed signals, the rise or decay time constant T is related to the Q of the chamber and frequency by the

(Eq. A4)

The chamber time constant must be added to any required pulse width during pulse modulation testing. For example, if
the chamber time constant is 6 microseconds and the required pulse width is 4 microseconds, it is required to perform the
test at a 10 microsecond pulse width during pulse modulated testing (Reference RTCA DO-160G).

The higher the Q the longer the setting time which results in greater pulse distortion during pulsed RF immunity testing.
The recommended galvanized steel chamber will typically allow minimum pulse widths of 2 to 6 ps, while a cold-rolled

steel chamber (which has a lower Q) will typically allow pulse widths of approximately 1 ys without distortion.

It is

anticipated that future pulse modulation requirements will coincide with galvanized steel chamber capabilities.
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A1.5 Chamber Auxiliary Needs

Chamber auxiliary needs shall be established based on the intended upper amplitude and test frequency of use. Venting
panels should use screens with apertures equal to or smaller than waveguide beyond cutoff at the maximum intended test
frequency (honeycomb is recommended). Electrical power supplied to outlets inside the chamber should meet shielded
enclosures requirements. A bulkhead panel should be used to access the transmit and receive antennas, and the DUT.
Care shall be taken to ensure that the shielding integrity of the enclosure is not compromised by access holes or cables,
etc. This may require the use of fiber-optic cables for monitoring the DUT. In addition, waveguide beyond cutoff access
ports is useful.

A16 Tuner Design

The criterion for tuner design is to ensure its effectiveness in redistributing the energy inside the-enclgsure. To achieve
this, the tuner shquld be electrically large (= A at the lowest frequency of operation) and be shaped or griented to achieve
a receive power mpaximum/minimum ratio >20 dB for all test frequencies. The tuner mounting should ing¢lude provisions to
prevent RF leakage from the chamber via the tuner shaft to the motor. The tuner controller and motor should allow
continuous tuner fotation at rates from 2 s to 10 min per revolution and to stop at an electrical "home position" definable
within £1 degree pccuracy. The tuner shall be made of a conductive material, andrshould be asymmgtrical. The tuner
shall be at least A{6 away from the DUT and its harness.

A7 Antennas and Field Monitoring

The following parameters are used in selecting the antennas (both transmit'and receive):
a. Frequency rapge of interest

b. Input power rating

c. Bandwidth
d. Minimum VSWR (low as possible)
e. Efficiency
f. Maximum allowable size
g. Durability
The frequency ramge specifictto-this procedure is from 500 MHz to 2.0 GHz, and can be extended dowp to 200 MHz and

up to 10 GHz or higher. A'number of candidate antennas could be used in this range. No single antgnna has sufficient
bandwidth to covdr the fulkrange. The following antennas are recommended:

a. Log periodic J000MHz to 1 GHz

b. Double ridged guide 1.0 to 10.0 GHz

A key factor in selecting antennas is the voltage standing wave ratio (VSWR) of the antennas (i.e., the impedance match
between the RF source and the transmitting antenna or between the receiving antenna and receiver). In addition, rotating
the tuner changes the chamber boundary conditions which in turn affects the VSWR of the antennas. The average VSWR
over a complete tuner rotation is equivalent to the free-space value.

Another factor is the radiation efficiency of the antennas. Inefficient antennas and/or VSWR problems can result in a
receive power maximum/minimum ratio less than 20 dB. This can result in large uncertainties in determining the input and
received power. Poor efficiency (large Ohmic losses in the antenna structure) will cause underestimates of the received
power and the electric field.
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The placement and orientation of the transmitting and receiving antennas can also influence the operation of the
chamber. Two positions or orientations are recommended: (a) position the transmitting and receiving antenna in different
corners of the chamber, pointed toward the corners (preferred) or (b) position the receiving antenna in a corner pointed
toward the corner, with the transmitting antenna sufficiently far away from it and pointed toward the tuner. No direct path
should exist between the transmitting antenna and the receiving antenna; the transmitting antenna and the DUT and
harness; or the receiving antenna and the DUT and harness.

A2 TEST PLAN CONSIDERATIONS

A.2.1 Planning the Measurements

A number of issu¢s should be considered when planning the measurements, writing the test plan, and
test results.

documenting the

One consideration is the test equipment immunity to RF. All simulators and monitoring equipment, which are located

inside of the chamber, shall be RF hardened.

A second considgration is the RF dwell time versus reaction time of the DUT. Some DUTs have
relatively long tinle constants and may require a few seconds to generate meaningful readings. Th

components with
e DUT should be

exposed to test
indicator of the DU

During mode-stirr
or decreased dra
number of sample
the chamber field
the equipment reg

Very often, no pri
to this lack of in
equipment respor
rate of change of
also covered. In a
one able to obtain
with slow respons
tuned technique i

Some devices are
EUT is capable

elds with sufficient duration to allow reaction and interaction;, otherwise the test npay not be a true

T's performance. DUT response time requirements determine'the revolution rate of t
bd operation, the number of samples (the number of fésponse intervals of the EUT)
Matically depending on the rotation rate of the turier and the response time of the
s is increased, then the expected value of the maximum field (radiated or received
ponse/cycle time.

pr information is available related to thesresponse time or cycle times of the equipme

se time and the speed of the tuner; If in fact, the equipment response/cycle time is f
the field, the mode-stirred technique can be more thorough because all intermediat|

at least one sample per 1.dB change in the field when within 3 dB of the maximum fig

elcycle times, where it is-necessary to dwell for some pre-defined time at each tung
usually faster and meore accurate.

pf averaging ‘or integrating the field to which it is being exposed, rapidly turnin

advantageous. In

maximum permitte

Determination of

such casgs)the test is no longer to the maximum chamber field but to the average ¢
d speed-of the tuner is not defined within this technique.

he tuner.

may be increased
equipment. If the
will increase and

uniformity will be improved. The parameter thatrequires careful consideration is the tyner speed versus

ht under test. Due

formation, the mode-stirred measurement must be applied only with careful conpsideration of the

ast, relative to the
e tuner states are

ddition, stirring can be fastetthan the mode-tuned technique. The definition of a fast fesponding EUT is

Id. For equipment
r step, the mode-

more sensitive, {0"the average field than the maximum field (e.g., thermal effects). In cases where the

g tuners may be
hamber field. The

he approprlate tuner rotation rate is the key to usmg the mode stlrred techmque The

shall allow sufficien

speed of rotation
1ibit upset in order

to determine if the selected tuner rotation rate is appropnate Once an upset has occurred the rotation rate can be
adjusted, increased or decreased, to determine if any change in the upset threshold occurs. Any significant change in the
equipment upset threshold would indicate a problem with the original tuner rotation rate. The mode-stirred technique is
most appropriate for EUTs that have a very short (i.e., fast) response time.

It is not within the scope of this test procedure to provide limits on the tuner speed and detailed test procedures for
ensuring the tuner speed is adequately slow (or fast) for equipment to respond. The technique (mode-stirred or mode-
tuned) shall be highlighted and agreed within the individual equipment test plan. Justifications for the use of either one of
the reverberation chamber techniques (mode-stirred or mode-tuned) shall be recorded within the test report for the
equipment being tested.
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Another important consideration is the need to simulate as closely as possible "real world" operating conditions. Ideally,
immunity tests should be performed with the DUT connected and operated in its intended environment. Since this is not
always possible, these conditions should be carefully simulated. This includes testing the DUT and harness in its
intended configuration. One advantage of the reverberation method is that the test results are independent of DUT wiring
harness orientation. All connecting leads shall be terminated with equivalent impedances as in actual use.

The exposure field parameters should be selected as part of the test plan, such as: frequency, electric field strength,
modulation type (CW or pulse modulation), and in the case of pulse modulation, repetition rate, rise time, and pulse width.

For validation testi

One limitation of
testing, loss of po

polarization effectp.

DUT or the trans
DUT may require
apertures. Deter

slots, and aperturg

A2.2 Measur

Two approaches dre used for performing EMC measurements using the reverberation chamber.

NOTE: This proc
utilizing th

completeness. (See NBS Technical Note 1092 for mode tuhe definition.)

A.2.21
forwa
each
and O

operator to select long test field exposurejtimes as needed to accommodate long DUT resp

numb
uncer|
the st
steps
accur

A222 Mode

power,

mode
revoluy
time 4
numb

The mpode tuned approach steps the tuner at selected, uniform increments, permitting meas

ng, these parameters will be similar from test to test.

e
arization information is not an issue since validation testing uses pass/fail criteria wh
In addition, the maximum coupling response of the DUT can be determined wijthou
it antenna since the RF field is rotated around the DUT. Determining how_the RF i
shielding DUT input/output and power line leads. RF may leak through-the DU
ining the coupling mechanism requires a systematic process of shielding’and filter
s of the DUT while conducting the test.

ement Approach (Tuned versus Stirred)

bdure specifies the mode stir approach for the DUT test: However, if a person has 3
e mode-tune approach the test results may be acceptable. This section describes bg

rd and reflected input power, received power; field measuring probe response, and the
uner position. This allows for corrections'and normalization of the received power, fie
UT response due to variations in the net transmit power. The mode tuned approach 3

er of tuner steps per revolution.that should be used is a function of frequency, chambe
ainties. Typically, at least 20/steps are required to provide sufficient sampling to reas

(samples) will reduce the uncertainty in the measurements. If the sample size is too s
cy of the measurements suffers and true maximum, minimum, etc. Are not recorded.

stirred approach rotates the tuner continuously for a complete revolution while sampli
field probe-tesponse, and DUT response at rates much faster than the tuner revoluti
stirred approach allows large data sets (400 samples or more is recommended) for a
tion. Tuner revolution rates and test instrumentation sampling rates are adjusted to m
nd output monitor response time requirements. The optimum settings result in a near|

ion. For validation

ich do not include
t repositioning the
5 coupled into the
T case slots and
ng various leads,

ccess to a facility
th approaches for

urements of the
DUT response at
d measurements,
Iso allows the
bnse times. The

r Q, and desired
bnably determine

btistical parameters of thetest field and DUT response (maximum and average amplityides). Additional

mall, the

hg the received

bn rate. The
single tuner

bet DUT response
y identical

er of samples for the DUT and test instrumentation (see A.5. 4) Revolution periods ca

to 10

range from 2 s
determining the

statistics of the measured parameters However this technlque may have mcreased uncertainty due to
failure to correct for transmit power variations, unknown DUT response times, or the interactions between the
DUT and the continuously changing fields in the chamber.
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A3 DUT PLACEMENT CONSTRAINTS AND LOADING EFFECTS

A.3.1 Placement Constraints of DUT

Constraints on the placement of a DUT inside the reverberation chamber are a result of the proximity effect of the
chamber walls on the test field and on the DUT. Maintain a minimum spacing of at least A/3 (at the lowest test frequency)
from the chamber walls, the transmitting and receiving antennas, the field measurement probe(s), and DUT. This
equates to 0.5 m at 200 MHz. Placing the DUT on the chamber floor is an acceptable exception to this guideline.
Scattering effects discussed in A.3.3 suggest shadowing is not a significant problem if the DUT is placed further than A/4
from any wall. The DUT shall be placed more that A/6 away from the tuner. The probes shall be placed more than A/6

away from any mg

A.3.2 Placem

The same require

tal abhicoet
tal-objeet:
ent Constraints of Harness

mments as above apply to the harness, except where the harness penetrates |the wall.

harness routing and orientation is not necessary.

A.3.3 Scatteri
Results of tests p
field distribution in
A3.4 Loading
If the DUT absorl
Typically, this is ¢
if the DUT lowers
max/min ratio <2(
the net transmit p
not load the room
is greater than or
valid and these frg
A4 ELECTRI
Given in Table A
3.66 m x 3.05 m
calculated electrig
volume). Field va

hg Effects of Metal Objects on E-field Distribution

erformed, using test objects placed in the chamber, to evaluate their scattering effeq
side the chamber, indicate that little or no difference was noted in the distribution mea

Effects of DUT on Chamber

s energy from the chamber the Q of the chamber'is reduced thus affecting the mea
bmpensated for by simply increasing the net transmit power to the chamber. This mg
the chamber Q to the extent that the chamber no longer reverberates properly (i.e.,
dB). DUT loading effects are determingd by comparing the unloaded chamber net
bwer needed to generate the same field,with the DUT present in the room (see B.12)
by more than 6 dB. If the loading effect is greater than 6 dB, verify that the receive pg
equal to 20 dB, with the DUT present. At frequencies not in compliance, testing with
quencies shall be recorded in the test report.

C FIELD UNIFORMITY

, is the field variation versus frequency for one Reverberation Chamber with dimen
(16 ft L x 12 ft(W;x 10 ft H). The field variation is based on the maximum differ
field (see B.13).and the electric field levels indicated by two field probes (placed an
riation is inversely proportional to chamber size.

TABLE A1 - TYPICAL ELECTRIC FIELD UNIFORMITY

Precise control of

t on the statistical
sured.

surement results.
y not be sufficient
the receive power
transmit power to

The DUT should
wer max/min ratio
this method is not

sions of 4.88 m x
ence between the
ywhere in the test

Frequency (MHz)  Variation (dB)

200 <+8
500 <+5
1000 <+3
2000 <+2



https://saenorm.com/api/?name=3bd0f6b26cdd83686e64ff8b6181495c

	Blank Page


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColorForImages
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




