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1 System verification according IEEE1528

The system validation procedure evaluates the myagminst reference SAR values and the
performance of the probe, readout electronics, softlvare. The test setup utilizes a flat
phantom and a reference dipole.

Thus, the system validation process does not ieclddta scatter due to the use of
anthropomorphic phantoms or uncertainty due to s@inglositioning variability.

System validation should be performed annuallyyloen a new system is put into operation,
or whenever modifications have been made to theesyssuch as a new software release,
different readout electronics or different typegodbes. The probe used in the test system to
be validated should be properly calibrated.

The objective of this subclause is to provide ahodblogy for SAR system validation. Since
SAR measurement equipment and calibration techsiga& vary widely between various
laboratories, a validation methodology is neededdnfy the system accuracy against its
specifications. Numerically calculated referenceRSvalues for use in system validation are
listed in the following table:

Local 5AR at
surface (v =121 cm
offset from
feed-point)*

Local SAR at
lgSAR 10 g SAR surface (above
feed-point)

Frequency
(MHz)

E1H] 30 20 44 21

450 4.9 33 72 32

835 a5 6.2 41 40

000 10.8 6.9 164 54
1450 200 160 50.2 6.5
1800 381 198 693 6.8
1900 307 205 721 6.6
2000 411 211 746 6.5

2430 324 240 104.2 N
3000 638 257 1402 0.5

System validation is used for verifying the accyratthe probe and readout electronics, and
performance of the software. Device positioning d&@é&d phantom shape errors are not
considered. The system validation procedure cang$tsix steps. Step a) is the most
important part of the system validation procedune ghall be done every time. Steps b)
through f) (recommended) offer a means for quicf simple validation of performance of
the probe, readout electronics, and software. Tadianal tests of steps b) through f) should
be done whenever system components have been etbifig., new software release, new
readout electronics, new probe type, etc.). Theegyvalidation procedures are as follows:

a) SAR evaluation: A complete 1 g or 10 g averaged SAR measuremgmgriermed. The
reference dipole input power is adjusted to produdeg averaged SAR value falling in the
range of 0.4-10 W/kg. The 1 g or 10 g averaged &AReasured at frequencies within the
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range to be used in compliance tests. The residta@malized to 1 W forward input power
and compared with the reference SAR values. Thierdiices from the reference values
should be less than the tolerance specified for SR measurement system by the
manufacturer or designer.

b) Extrapolation routine: Local SAR values are measured along a vertical diictly
above the reference dipole feed-point using theessst grid-point spacing as used for
handset SAR evaluations. This measurement is regheddng another vertical axis with a 2
cm transverse offset from the reference dipole-femdt. SAR values at the phantom surface
are extrapolated and compared with the referenkeesaThe difference from the reference
values should be less than the tolerance spedifiethe SAR measurement system by the
manufacturer or designer.

c) Probe linearity: The measurement in step a) is repeated using eliffeeference dipole
input power levels. The power levels are seleabeatfich frequency to produce 1 g averaged
SAR values of approximately 10 W/kg, 2 W/kg, andl O//kg. The measured SAR values are
normalized to 1 W forward input power and compangith the 1 W normalized value from
step a). The difference between these values sheulelss than the tolerance specified for the
SAR measurement system by the manufacturer orrasig

d) Modulation response: The measurements in step a) are repeated with-mdselated
signals having a duty factor of 0.1 and pulse rn&petrate of 10 Hz. The power is adjusted to
produce a 1 g-averaged SAR of approximately 8 Witkilp the pulse modulated signal
(corresponding to a peak spatial-average SAR ofcxppately 80 W/kg). The measured
SAR values are normalized to 1 W forward input poamd duty factor of 1, and compared
with the 1 W normalized values from step a). THédeénce between these values should be
less than the tolerance specified for the SAR nmreasent system by the manufacturer or
designer.

e) System offset: The measurements in step a) are repeated witheeenele dipole input
forward power that produces a 1 g or 10 g aver&®R of approximately 0.05 W/kg. The
measured SAR values are normalized to 1 W forwapdti power and compared with the 1
W normalized values from step a). The differencevben these values should be less than
the tolerance specified for the SAR measuremenésyby the manufacturer or designer.

f) Probe axial isotropy: The center point of the probe’s sensors is placextity above the
reference dipole center at a measurement distah@pmoximately 5-10 mm from the
phantom inner surface. The probe (or referencelelipbprecise rotations are supported by
the dipole fixture) is rotated around its axis 1& steps no larger than 15°. The maximum
and minimum SAR readings are recorded. The diff@dretween these values should be less
than the tolerance specified for the SAR measurésystem by the manufacturer or designer.
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2 Step by step

The purpose of this technical note is to explaiw o perform a system validation according
the IEEE1528 with the COMOSAR system.

2.1. Preparation of the system — Liquid, dipole and probe
installation

Step 1:Put the used liquid inside the phantom accordhng ftequency of the validation
(update the liquid value in the software — see @@gdt user manual).
Step 2:Put the dipole in the correct configuration acaogdhe IEEE1528 standard.

z ¥
Spacer X
X 1 \\ 3D Probe positioner
y i . p

~
¥ \\\Field probe J]
\'—H;/ "~ T~ Flat phantom

N I % C~

Dipole

Signal
generator ~ ||

M3

Calibration was performed according to IEEE Std28t8003 and OET bulletin 65 Supplement C (Ed. OL-01

The distance between the center of the dipole haghantom is as follow (use the correct
spacer according the frequency):

s=15 mm for 300 MHz <= f <= 1000MHz

s$=10 mm for 1000 MHz < f <= 3000MHz

Step 3:Connect the probe to the robot and perform an aaficnneference with the robot
(check that the serial number of the phantom aedptiobe define on OpenSAR software is
the correct one according your setup — see Open&&Rmanual).



Technical note — System
verification according
IEEE1528 with COMOSAR SATIM 2
system Ref: TN.56.1.09.SATB.A
Page: 5/9 Issue: A Date: 2009/02/2

T

2.2. Measurement parameters

Select the measurement parameters as follow:

Measurement Parameters

Measurement Type [/ alidation -

Flat phantom Area scan

Phantom Flat - : X0elo  voZo
. o - Flat adaptative -

Device position Dipale -

Tested band GSMI00 -

Charinel Middle = Zoom scan

S|gnal |CW = Full measzurement -

Liquid Head Liquid -

For the tested band, you must set according tlygiérecy you want to test:

- 450 MHz: select the band GSM450

- 835 MHz: select the band GSM850

- 900 MHz: select the band GSM900

- 1800 MHz: select the band GSM1800

- 1900 MHz: select the band GSM1900

- 2000 MHz: select the band WCDMA

- 2450 MHz: select the band Bluetooth

For the zoom scan, if you want to perform faster slgstem verification, you can select the
very fast zoom scan with 11 points (see OpenSAR msaual).

2.3. Launch the system verification

Prepare the software as for a SAR measurementk adlobot, multimeter status ...... (see
OpenSAR user manual).
Launch the system verification panel in the menued8urement/Procedure/System
verification (IEEE1528)":

Froject Jit  Configuration M:asuemmt|.‘lc-bot BT mst_zet_conirod SAR [mage Took Hep

M Losd

Compane — -
| Erocedure - _procedure
| * [ Sistem veification (EEE 1528) |

Farameters 3

X s
SATIMV o o -
Area scan foe reschuion 1 Fiat phentom  AEs e
Zoom scan step 3 _ﬁ_F Flat agaptatase -
Phantarm  * Make Toom sean freiy
SHLZA07 Sabday =+ 1 =
eSS NG PO S S0 a0 B0 D00 = Faom Ea
Shl_im‘:i‘;:;ﬂ _ Mo handower Inzoom scan &= Fudll meseuraman

Liguad
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The following panel will appear:

N System verification (JEEE1528)

Part 1
tleasurement parameiers Launch] / Part 3
Frequency: 300 kHz e
Area scon; Flat adapiative :—SW
Part 2 o scan Full measuremant 7E':¢-apala1lcre roufine N
hor o (48 SZ300 piEven lnaay
Eower for ¢ (dBm) (3000 oMl alian reepRass
Power for d {dBm) [38.00 e-Syslem olfsel ]
Eowar for & (dBm) =]9.00 Rro\l:e ‘eoaal izoiropey P Ok

Part 1: The main measurement parameters will appehis text box:
- The frequency according the tested band
- The area scan
- The zoom scan

Part 2: This part will set automatically the ditat input power in the dipole according the
IEEE1528 recommendation. It is not recommendedhnge those values to be sure to be
compliant with the IEEE1528 system verification gedure.

Part 3: This part will indicate the result deviatim % from the target value. For example,
after the system verification:

a-5AR evaluation 4.4 %

b-Extrapolation routine |3.2 24 5.9 2
c-Frobe linearity 22%:31%

d-todulation responsel5.4 %%

e-Systemn offset 1%

|1—Pr0be axial isotropy |31 %

The “Launch” button will serve to start the systearification. All the step will be perform
automatically. You must set the power accordingni@ssage popup when it will appear. For
example, in the following example, you have totketinput power in the dipole to 23 dBm.



Technical note — System
verification according

IEEE1528 with COMOSAR SATIMO
system Ref: TN.56.1.09.SATB.A
Page: 7/9 Issue: A Date: 2009/02/2

T

| OpensSaRNES

.F.r-]P_([ Ire Confipraton Mesorement  Rebor BTS_tesi_ser_conmal SaP_[mags Took Hel

Diled =] L] 5| 1] | ele?] ==im) §]

| IEEE_procadise

; B X
s .ga:.'. .H.-il.'.'-'!.- -.-a,-.' .'-IE,: e -
SATIMO ' '
it . .!Ii."ll'|‘l Fonde
Fieaaiom |
Sh_2407_58M43 =
Prona ¥ -4 {dE -1 o —
Sl 4605 EFED. = (= TS T i
T , o) |
b Z o)
[z
om0
Seb the Ut powes to 23,00 48m 22400
Efwimy | D00
et [T
i B
500 ” 100.0
it EER | R
' e 7500

fiimmt

For the d- Modulation response procedure, theasignnot a CW signal but a pulse signal
with a period of 100 ms and a pulse width equdl@ans. In this case, the input power must
be set as for the other stem with a CW signal. rAdeting the input power with the CW
signal, the modulation must be applied without rfpdg the power. The following popup
will appear:

| OpensaRNEL

O W
s

=SA4TIMO

whin
Exlic]
c=mes |

You must set the 38 dBm with a CW signal then yaistrmodulate the signal according the
period and the pulse width defines to be complwéttt the IEEE1528 procedure.

The “OK” button will discard this panel.
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2.4. Results

All the results will be saving automatically. Foraenple, for a system verification at 1800
MHz, you will find the following folder under the eas/”project name” directory (here, the
project name is “IEEE1528 procedure”):

a5
= | IEEE1528_procedure
|3 IEEE1528_1800
= () WALIDATION
= ) G5M1800
= [ CUSTOM
| Plane_Dipale_Middle_Modulation_response
2 [y Cow
| Plane_Dipole_Middle_Probe_linearity
| Flane_Cipole_Middle_Frobe_linearity_2
| Plane_Dipole_Middle_SAR._evaluation
| Plane_Dipole_Middle_System_offset

In the IEEE1528_ "tested frequency” folder (here tlsted frequency is 1800 MHz), you will
find two files:
- |IEEE1528.txt: resume the test results
- |EEE1528.png: image to show the results of theesysterification. An example
of this image is:

SYSTEM VALIDATION IEEE1528

a- SAR evaluation

Input pover (dBm] | Measwed valus | Nomaized mezsured valus | Tenget value Deviation (%)
SAR 1g (Wkg) [18.00 2% Eid I Bl
SR, 109 [Wrkg)|TE00 E 5% [1580 ]

b- Extrapolation routine

Input pover (dBm) | Measwed valus | Nomaized mezsured valus | Terget value Deviation (%)
ocal 52 y=Ocm (wikg) [ 1900 10 B3k EEl 7%

ocal SAR, y=2om [wikg) |TE00 [l ] 580 [750

¢ Probe linearity

Input poveer (cBm] | Measured value | Nomalzed measured value | Target value Deviation (%)
AR 1g [Wkg) |20 EXE] EXl FB10 .8
AR 10g [Wrkg)|2H00 50 EiE 1580 i
SAR 1g (Wkg) [18.00 2% Eid 3810 23
SAR 10g [Wrkg)| 1500 E 5% ] ]
SAR 1g [wirkg) [T100 047 T 50 EZAL 57
S 100 [Wkg)|T100 0% 7073 980 i

d- Modulation response (Period: 100ms: Pulse: 10ms)

Input povet (dBr) | Measwed valus ‘ Normazed measured valus | Terget value Deviation (%)
AR 1a (wikg) | 300 750 B I 0%
SR 103 [Wkg | 200 1% FED i 27
- System offset
Input pover (dBm] | Measwed valus | Nomaized measured valus | Tenget value Deviation (%)
AR 1g (wikg) [+00 g 5% 3810 i3
SF, 108 (W rkg P00 003 FRLl ] BE)

1 Probe axial isotropy
Aial angle [7] ‘-TBD ‘-155 ‘-150 ‘-135 |-120 ‘-105 ‘-ﬁﬂ 75 ‘-Eﬂ [-45 -30 15 ‘D ‘
SAR local M/kg]“ 53 ‘1 L] ‘1 55 ‘1 53 || 51 ‘l 50 ‘1 51 ‘1 52 ‘1 53 ‘1 52 |1 51 ‘l 43 ‘1 47 ‘

misange() [15 [0 [$ [0 [5 [@0 [W5 [0 [1% [150  [165  [e0 |
SR local WAQ[1 S [180_ [153 [18_[15t 151 [ [1& [i#s |14 [ [i5s |
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In the VALIDATION folder, you will find the root da from the different validation

measurement:
- CUSTOM folder:

o Plane_Dipole_Middle_Modulation_response: root diaten the
modulation response measurement.

-  CW folder:

o Plane_Dipole_Middle_SAR_evaluation: root data fritnv@ SAR evaluation
measurement. This data is also used for the piobarity step.

o Plane_Dipole_Middle_Probe_linearity and

Plane_Dipole_Middle_Probe_linearity 2: root datarfrthe probe linearity

measurement.

o Plane_Dipole_Middle_ System_offset: root data frtwa $ystem offset

measurement.

It is possible to create a word report with thosmsurements as a normal measurement.



