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Plot 12
A. Experimental conditions.
Probe SN 26/23 EPG0O420
ConvF 1.11
Area Scan surf_sam_plan.txt
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm
Phantom Validation plane
Device Position Body
Band IEEE 802.11b ISM
Channels 6
Signal IEEE802.b (Crest factor: 1.0)
B. Permitivity
Frequency (MHz) 2437.000
Relative permitivity (real part) 40.147
Relative permitivity (imaginary part) 13.271
Conductivity (S/m) 1.860
C. SAR Surface and Volume
SURFACE SAR VOLUME SAR

Y
AWy h L
0§s 1083
. 0§03 . L

oo DEZ
0595 DETT

”ulﬂl | L
0384 L

0332 02T

. o l [
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Maximum location: X=-12.00, Y=-11.00 ; SAR Peak: 2.05 W/kg

D. SAR 1g & 10g

SAR 10g (W/Kg) 0.125
SAR 1g (W/Kg) 0.341
Variation (%) -0.480
Horizontal validation criteria: minimum distance (mm) 0.000000
Vertical validation criteria: SAR ratio M2/M1 (%) 0.000000
E. Z Axis Scan
Z (mm) 0.00 4.00 9.00 14.00 19.00
SAR (W/KQ) 1.952 1.083 0.500 0.252 0.165
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16. CALIBRATION CERTIFICATES

Probe-EPG0420 Calibration Certificate
SID750Dipole Calibration Ceriticate
SID835Dipole Calibration Ceriticate
SID1800Dipole Calibration Ceriticate
SID1900Dipole Calibration Ceriticate
SID2450Dipole Calibration Ceriticate
SID2600Dipole Calibration Ceriticate

Report No: BCTC2309714850-3E
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1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Mamfacturer MVG
Model SSE2
Senal Number 2623-EPGO-420
Product Condition {new / used) New
Frequency Range of Probe 0.15 GHz-7 5GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.228 MQ

Dipole 2: R2=0.238 MQ2

Dipole 3: R3=0.230 MQ

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

MVG’s COMOSAR E field Probes are built in accordance to the [EC/TEEE 62209-1528 and FCC
KDBB65664 D01 standards.

Figure 1 - MG COMOSAR Dosimetric E field Probe

Probe Length 330 mm
| Length of Individual Dipoles 24.5 mm
Maxitmum external diameter 8 mm
Probe Tip External Diameter 2.55 mm
Distance between dipoles / probe extremty | 12.7 mm

3 MEASUREMENT METHOD

The IECAEEE 62209-1328 and FCC KDBR65664 D01 standards provide recommended practices for
the probe calibrations, including the performance charactenstics of interest and methods by which to
assess their effect. All calibrations / measurements performed meet the fore-mentioned standards.

3.1 SENSITIVITY

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards for frequency range 600-
7500MHz and using the calonmeter cell method (transfer method) as outlined in the standards for
frequency 150-450 MHz
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32 LINEARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01'W/kg to 100W/kg.

33 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 to 360 degrees in 15-
degree steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box
filled with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave
dipole. The dipole is rotated about its axis (0°-1807) in 15° increments. At each step the probe is
rotated about its axis (0°-360°).

34 BOUNDARY EFFECT
The boundary effect 1s defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is onented normal to the interface. To evaluate this
effect, the liquid filled flat phantom 1s exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR is measured and
compared to the analytical value at the surface.

The boundary effect uncertainty can be estimated according to the following uncertainty
approximation formula based on linear and exponential extrapolations between the surface and o, +

d,, along lines that are approximately normal to the surface:

SAR o sy [%6]= BAR,, ("";d“")’ (‘—.:‘ﬁ) for (dy, +dg) <10 mm
- O

where

SARyncertainty is the uncertainty in percent of the probe boundary effect

dpa is the distance between the surface and the closest zoom-scan measurement
point, in millimetre

Astep is the separation distance between the first and second measurement points that
are closest to the phantom surface, in millimetre, assuming the boundary effect
at the second location is negligible

5 is the minimum penetration depth in millimetres of the head tissue-equivalent
liquids defined in this standard, i.e., §= 14 mm at 3 GHz;

ASARpe in percent of SAR 1is the deviation between the measured SAR value, at the

distance dh from the boundary, and the analytical SAR value.

The measured worst case boundary effect SARuncertainty[%] for scanmng distances larger than
4mm is 1.0% Limit ,2%).
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4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 DOI standards were
followed to generate the measurement uncertainty associated with a SAR probe calibration using the
wavegude or calonimetric cell techmque depending on the frequency.

The estimated expanded uncertainty (k=2) in calibration for SAR (W/kg) is +/-11% for the frequency
range 150-450MHz.

The estimated expanded uncertainty (k=2) in calibration for SAR (W/kg) is +/-14% for the frequency
range 600-7500MHz.

5 CALIBRATION RESULTS

Ambient condition
Liquid Temperature 20 +/- 1 °C
Lab Temperature 20 +/- 1 °C
Lab Hurmidaty 30-70 %

5.1 CALIBRATION IN AIR

The following curve represents the measurement in waveguide of the voltage picked up by the probe
toward the E-field generated inside the waveguide.

Cabration curves

51

=

5 o 3% 0% 310U OM O% oOu
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-

From this curve, the sensitivity in air is calculated using the below formula.

Al Z’;V‘ (1 +"/bep)

Norm,

where

Vi=voltage readings on the 3 channels of the probe

DCPi=diode compression point given below for the 3 channels of the probe
Nomni~dipole sensitivity given below for the 3 channels of the probe
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Nommx dipole
1 (uV/(V/m)?)

Normy dipole
2 (uVAVm))

Normz dipole
3 (V/I(V/my)

121

1.09

1.56

DCP dipole |
(mV)

DCP dipale 2
(mV)

DCP dipole 3
(mV)

106

109

103

52 CALIBRATION IN LIQUID

The calonmeter cell or the waveguide is used to detenmine the calibration in liquid using the formula
below.

E'.'
ConvF = l%"—"

air

The E-field in the hquid is determaned from the SAR measuremnent according to the below formula,

Ex’qma = ’—?5
where
o=the conductivity of the liquid
p=the volumetric density of the liquid
SAR=the SAR measured from the formula that depends on the setup used. The SAR formulas are
given below

For the calorimeter cell (150-450 MHz), the formula is:

SAR = Lk
o

where
c=the specific heat for the liqud
dT/dt=the temperature rises over the time

For the waveguide setup (600-75000 MHz), the formula 1s:
_dew E

SAR = EGT

where

a~the larger cross-sectional of the waveguide

b=the smaller cross-sectional of the waveguide

&=the skin depth for the liquid in the wavegude

Pw=the power delivered to the liqud
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The below table summarize the ConvF for the calibrated liquid. The curves give examples for the
measured SAR depending on the voltage in some hiquid.

HL450 450 0.86
BL450 450 0.78
HL750 750 0.60
BL750 750 0.87
HL850 835 0.81
BL85O 835 0.80
HLS00 900 0.76
BLSOO 900 0.87
HL1800 1800 0.95
BL180O 1800 1.01
HL1900 1800 1.04
BL180O 1500 111
HL2100 2100 1.00
BL2100 2100 1.16
HL2300 2300 1.1
BL2300 2300 123
HL2450 2450 111
BL2450 2450 1.32
HL2600 2600 1.03
BL2600 2600 1.18
HL5200 5200 1.18
BL5200 5200 0.97
HL5400 5400 1.17
BLS40O 5400 1.00
HL5500 5600 1.20
BL5600 5600 0.85
HLS800 5800 1.15
BLS80O 5800 1.05
TS ORI ey IR s T E TR IR, Than T EHT ] % T00OMMHZ abow @ BEHE
A A S P RS0
[ 2" ™
Wb o
J.l = = fon o= B
,l;- 2 il e /,.so :
y = e
k":/ . L L ® = = u )k ‘kr’ =z . 2 8 8 t = n W
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6 VERIFICATION RESULTS

The figures below represent the measured linearity and axial isotropy for this probe, The probe
specification is +/-0.2 dB for linearity and +/-0.15 dB for axial isotropy.

13 leapy cume
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7 LIST OF EQUIPMENT

BCTC/RF-EMC-005

Equipment Summary Sheet
Deseription Model _|"dentificationNo-{ ¢y ragion Date | Date.
CALIPROBE Test Vaiidated. Nocal  Naidated. No cal|
Bench Version 2 NA required. required.
Network Analyzer | ROde & Schwarz 100203 0872021 08/2024
Network Analyzer | Agilent8753ES | My40003210 102019 102023
Network Analyzer —
A HP 850030 3423A08186 0682021 06/2027
Network Analyzer - | Rohde & Schwarz
O At g 101223 0712022 0712025
Muttimeter Keithley 2000 4013082 0212023 022026
Signal Generater | RONde S Schwarz 106589 0N2022 0312025
G Characterized prior to |Charactenized prior to
Amplier MVG MODU-023-C-0002 test. No cal required. {test, No cal required.
Power Meter NI-USB 5680 170100013 0612021 0612024
Power Meter Keysight U2000A | SN: MY&2340002 102022 102025
- . Characterized prior to |[Charactenized priorto
Directional Coupler Krytar 158020 131467 test. No cal required. [test. No cal required.
Fluoroptic Thermometer] M 35€) 32 Luxtron 94264 0912022 0912025
SN 32/16 Validated. No cal Valldated. Nocal
Condel ool Ma COAXCELL_1 fequired. equired.
Waveguide MVG SN 32116 WG2_1 ;’:‘;‘r’:"' Nocal Vr:‘::“;"' Nocal
. SN 32/16 Validated. No cal Malidated. Nocal
Haih isneifioh . WGLIQ_0GE00_1 pequired. equired
Waveguide MVG SN 3216 WG4_1 t":m:;" Nocal :f;.‘;" Nocal
SN 32/16 alidated. No cal Validated. No cal
Lo reneon it WGLIQ_0GS00_1 tlequirod. Foquired
Waveguide MVG SN 32116 WG6_1 :’;:“’;e‘:"- Nocal :’::3:;:"- Nocal
g o SN 32/16 Validated. Nocal Validated. Nocal
Liquid transition MVG WGLIQ_1G500_1 peguired. yequired.
Waveguide MVG SN 32/16 WGS_1 ::fi:;“f Nocel :’;’:i:;;“ Nocal
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. SN 32/16 Validated. No cal Malidated. No cal
Liquid transition Mve WGLIQ_1G800B_1 pequired. Fequired
SN 32/16 Validated. No cal Malidated. No cal
Liquid traneition i WGLIQ_1GB00H_1 pequired Foquired
Waveguide MVG SN 32118 WG10_1 ;:ﬁ":;" Nocal ::f;“:"' Noosl
— - SN 32/16 Validated. No cal Validated. No cal
Liquid transition we WGLIQ_3G500_1 pequired. equired.
Waveguide MVG SN 32116 WG12_1 :’.:::’,::" Noos :’.:::":::" Nocal
24 s SN 32116 alidated. No cal Validated. No cal
Liquid transition WA WGLIQ_5G000_1 peguired. yequired
Waveguide MVG SN 3216 WG 14_1 ?';'3?,'3" Nocal :‘:L",::;" bocs
= F SN 32116 Validated No cal Validated. Nocal
Liquid transition MVG WGLIQ_7GO00_1 pequired. required
Tempangurs /Hmiat]  Testo184M1 44225320 062021 0612024
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Summary:

national metrology institutions.

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG using the COMOSAR test bench.  All calibration results are traceable to
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1 INTRODUCTION

This document contans a summary of the requirements set forth by the I[EC/IEEE 62209-1528 and
FCC KDB865664 D01 standards for reference dipoles used for SAR measurement system

validations and the measurements that were performed to venfy that the product complies with the

fore mentioned standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 750 MHz REFERENCE DIPOLE
Manufacturer MVG
Maodel SID730
Senal Number SN 47/21 DIP 0G750-620
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

31 3 { N ()

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDB865664 D01 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 - MI'G COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1  RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method 1s used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

4.2 : C [ TS

The IEC/IEEE 62209-1528 and FCC KDB865664 DO1 standards specify the mechanical components
and dimensions of the validation dipoles. with the dimension’s frequency and phantom shell
thickness dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore
the dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a
2 mm phantom shell thickness. A direct method is used with a ISO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS
The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHZ 0.08 LIN
52 S ASU

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 0.20 mm
300 - 450 (.44 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty for validation measurements.
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Scan Volume Expanded Uncertainty

lg 19 % (SAR)

10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Frequency, MHz
650 650 630 N0 720 0 0 780 820 820 B40 850

10

15

40

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
750 -24.50 -20 557 Q-1.71Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Freguency. Mz

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance

750 -27.04 =20 5380 +23;02
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6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm dmm
required measured required measured required measured
300 420.0 41 %. 250.0 #1 %. 6.35 41 %.
450 290.0 41 %. 166.7 £ %. 6.3541 %.
750 176.0 41 %. 177.28 100.0 £1 %. 99.79 63541%, 635
835 161041 %, 89.8 41 %, 3641 %,
900 139.0 41 %. 83341 %. 3641 %.
1450 #9141 %. 51741 %. 1641 %.
1500 86,2 11 %. 50.0 41 %. 1641 %.
1640 79.0 1 %. 45.7 £1%. 3641 %
1750 75241 %, 4291 %, 1641 %,
1800 72041 %. 41.741%. 3641 %.
1900 68.0 1 %. 39.5 41 %. 3641 %.
1950 66321 %, 3854 %, 3641 %,
2000 64.5 4 %. 3754 %, 3641 %.
2100 61.0 £1 %. 3IBTHA K. 3641 %,
2300 55.5 41 %. 326 1 %. 364 %.
2450 5154 %. 30441 %, 3641 %.
2600 485 21 %. 2884 %, 3641 %.
3000 2154 %, 250 41 %, 3641 %.
3300
3500 37.021 %, 26.4 11 %. 31611 %,
3700 34.741 %, 26.0 41 %. 3641 %.
3900
4200
4600
4900
7  VALIDATION MEASUREMENT
The IEC/IEEE 62209-1528 and FCC KDBB65664 201 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
Page: 7/13
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7.1 D LIQU SuU
F’T::lnw Relative permittivity (&) Conductivity (¢) S/m
required measured required measured
300 453 210% 08710 %
450 435 210% 087210%
750 419210% 4.0 0.89£10% 0.82
835 415 210% 0.90410 %
900 N5210% 0.97410 %
1450 405 210% 1.20%10 %
1500 404 210% 1.23310%
1640 402 210% 1.31410%
1750 401 210% 137410 %
1800 400 2107% 1.40%10 %
1900 400 2103 1.40%10 %
1950 400 £10% 1.40%10 %
2000 400 £10% 140810 %
2100 398 210% 149210 %
2300 395210% 167410 %
2450 392 210% 1.80210 %
2600 390 410% 196410 %
3000 385 210% 24010 %
3300 382210% 271810%
3500 379210% 291%10%
3700 37.7310% 312410%
3900 375%10% 332810%
4200 371210% 363210%
4600 36.7 210% 4,04£10 %
4900 363210% 1.35%10 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurements should produce the SAR values shown below (for phantom thickness of 2 mm), within
the uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used mput power.
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Software OPENSAR V5

Phantom SN 13/09 SAMé8S

Probe SN 41/18 EPGO333

Ligquid Head Liquid Values: eps’ - 41.0 sigma : 0.82

Distance between dipole center and liguid 15.0 mm
Area scan resolution cbe=8mm/dy=8mm

Zoon Scan Resolution

- 8mm/dy > &nm/dz > Stm

| Frequency 750 MHz

Input power 20 dBm

Liquid Temperature 20 +/. 1 °C

Lab Temperature 20+ 1°C

Lab Humidity 30-70%

Fve:‘l-:lncv 1.8 SAR (W/kg/W) 10 g SAR (W /kg/W)
required measured required measured
300 2485 1.9
450 458 3.06
750 8.49 8.58 (0.86) 5.55 5.59 (0.56)
835 9.56 6.22
900 109 699
1450 29 16
1500 305 163
1640 342 184
1750 364 193
1800 384 201
1900 39.7 205
1950 405 209
2000 411 211
2100 436 29
2300 487 233
2450 524 21
2600 553 2456
3000 638 257
3300
3500 671 25
3700 674 242
3900
4200
4600 -
4900
Page: 913
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7.3 BODY LIQUID MEASUREMENT

F":::l"“’ Relative permittivity (&) Conductivity (5) S/m
regquired measured required measured
150 619 210% 0.80£10 %
300 582210% 0.92210%
450 56.7 210% 094210 %
750 555 210% 52.9 0.96 410 % 0.89
835 552210% 0.97#10%
900 550 210% 105410 %
915 550210% 1.06£10 %
1450 540 %10% 1.30£10 %
1610 538210% 140210 %
1800 533210% 1.52%10%
1900 533%10% 1.52£10%
2000 533%10% 152%10%
2100 532310% 1.62810%
2300 529 210% 181410 %
2450 527 £10% 195410 %
2600 525210% 216210 %
3000 520810% 27300%
3300 516%10% 10810 %
3500 513310% 331410%
3700 510%10% 3.55%10%
3900 508 £10% 378110 %
4200 504 210% 113410 %
4600 498 210% 460210 %
4900 494210% 495210%
5200 4900% 5.30%10%
5300 489 810% 542410%
5400 487 H10% 5.53+10%
5500 486 ¥10% 565210%
5600 485 810% S.T7TH10%
5300 482 810% 600410 %
Page: 11713
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mVG SAR REFERENCE DIPOLE CALIBRATION REPORT
7.4 SAR MEASUREM ESULT WITI ODY LIQUID
Software OPENSAR VS
Phantom SN 13/09% SAM68
Probe SN 41/18 EPGO333
Liguid Body Liquid Values: eps” : $2.9 sigma : 0.89
Distance between dipole center and liguid 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution d=Smm/dy=8nm/dz=5mm
Frequency 750 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Tempcrature 20 +/-1°C
Lab Humidity 30-70%
m&‘::l"’" 18 SAR (W/ke/W) 10 g SAR (W/kg/W)
measured measured
750 8.41 (0.89) 566 (0,57}
\ vy .
‘= 1
N IS
1Mz : 0s
3 % oc N
MUl Nl s <
— a2 | \\~ |
a5 MRMWERNMERZNENDR
vy
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8 LIST OF EQUIPMENT
Equipment Summary Sheet
Equipment Manufacturer/ |, Current Next Calibration
S : - : Identification No.| . .~ oy %
Description Model lon No- | atibration Date Date
SAM Phantom MVG SN 13/08 SAMBE Valic!a!ed. Nocal Valid'aled‘ No cal
required. required.
COMOSAR TestBench|  Version 3 NA Nagcam iacel, viNdMAd, . Tio 2
required. required.
Network Analyzer R°""e§SM°h"a’ 2 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2022 10/2025
Network Analyzer — | Rohde & Schwarz
Calibration kit ZV-2235 Wi 0012 OfNees
Network Analyzer —
Calibration kit HP 85033D 3423A08186 06/2021 0612027
Calipers Mitutoya SN 0009732 1042022 10/2025
Reference Probe MVG SN 41/18 EPGO333 1072022 106/2025
Multimeter Keithley 2000 1160271 0242023 02/2026
Signal Generator R°"d°§Msgh““ 106589 04/2022 04/2025
v Characterized prior to |Characterized prior to
Amplfier Mve MODV-023-C-0002 test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 0672021 06/2024
Power Meter Rohde & oo | 832839056 112022 112025
Y Characterized prier to |Characterized prior to
Directional Coupler Krytar 158020 131467 test. No cal required. |test. No cal required.
Temperabire/Humidyl' “penes 1841 44225320 062021 06/2024
Sensor
Page: 13/13
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Report No: BCTC2309714850-3E

SAR Reference Dipole Calibration Report

Ref : ACR.329.9.2]1.BES.A

SHENZHEN BCTC TECHNOLOGY CO., LTD.
1~2/ F,NO. B FACTORY BUILDING, PENGZHOU
INDUSTRIAL PARK., FUYUAN IST ROAD,
TANGWEI COMMUNITY, FUHAI STREET, BAO'AN
DISTRICT, SHENZHEN, GUANGDONG,CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 835 MHZ
SERIAL NO.: SN 47/21 DIP 0G835-621

Calibrated at MVG
Z.1. de la pointe du diable
Technopéle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 11/25/2021
., cofrac

ETALONNAGE

Accrocitatioes ¥2.6789 and 926814
Scope available oo www cofiac It

Thve wee of the Cofrac brand and the sccreditation references is prohibited from suy reproduction.

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed m MVG using the COMOSAR test bench.  All calthratton results are traceable to
national metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDBE865664 D01 standards for reference dipoles used for SAR measurement system
validations and the measurements that were performed to venfy that the product complies with the

fore mentioned standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID835
Serial Number SN 47/21 DIP 0G835-621
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

31  GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and

FCC KDBB65664 DO1 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 - MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum less of <20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards specify the mechanical components
and dimensions of the validation dipoles, with the dimension’s frequency and phantom shell
thickness dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore
the dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a
2 mm phantom shell thickness. A direct method 1s used with a ISO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to

Measurement Uncertainty.
5.1 RETURNLOSS
The following uncertainties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN

5.2 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 020 mm
300 - 450 0.44 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty for validation measurements.
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Scan Volume Expanded Uncertainty
lg 19 % {SAR)
10g 19 % (SAR)
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance

835

-24.07 -20

5530-33Q

62

RETURN LOSS AND IMPEDANCE IN BODY LIOUID

5

Frequency (MHz)

Return Loss (dB) Requirement (dB)

Impedance

835

-33.13 -20

5220-0450
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63 MECHANICAL DIMENSIONS

Freguency MHz Lamm hmm d mm
required measured required measured required measured
300 120041 %, 250.0 11 %. 63521 %.
450 290041 %, 166,74 % 6.35 21 %.
750 176.0 £1 % 100,021 %, 63521 %,
835 161041 %. 161.47 69541 %. 89.78 3641 %. 361
S00 149041 %. 8335 %. 363 %,
1450 §9.1 £1 %. 517 #1 %. 36E1 %,
1500 86,2 41 %. 500 £1 %. 364 %,
1640 79.0 11 %. 457 21 %, 361 %.
1750 15241 %, 429# %. 3681 %,
1800 72041 %. N7 %. 3641%,
1200 6H.0 41 %, 31951 %. 360 %.
1950 66341 %. 3552 %. 3621 %.
2000 64,5 1 %. 7.5 %. 36 %.
2100 61,011 %. ISTHN. 3641 %,
2300 5554 %, 3264 %, 36 %,
2450 5154 %, J0a %, 3621%,
2600 48541 %. 2B8A%. 360 %,
3000 41.5 1 %. 2501 %. 361 %.
3300
3500 37,041 %, 264%. 3681 %,
o0 34741 %. 26421 %, 364 %,
3200
4200
A600
420

7 VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDBB65664 DO1 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechamical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
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7.1 HEAD LIQUID MEASUREMENT

e s Relative permittivity (&) Conductivity (o) §/m
required measured required measured
300 453 £10% 087£10%
450 4315210% 0.87210%
750 419210% 0.89210%
835 4150% 399 0.90£10% 0n
200 415810% 0.97£10%
1450 405 10% 1.20£10%
1500 4480% 1.2320%
1640 402210% 131310%
1750 401 210% 137£10%
1800 400£0% 1.40210%
1900 400 210% 1.40210%
1950 400210% 1.40210%
2000 00£0% 140£10%
2100 393£10% 1.49£10%
2300 39580% 16780%
2450 3952210% 1.80210%
2600 35020% 1.96210%
3000 385%10% 2.40%10%
3300 382%10% 271%10%
2500 379210% 291210%
3700 37.7810% 312810%
2900 5n0% 332810%
4200 371%10% 3.63210%
4600 36.7 210 % 404210%
4900 363210% 435210%
72 SARMEASUREMENT RESULT WITH HEAD LIOUID

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurements should produce the SAR values shown below (for phantom thickness of 2 mm), within
the uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket. the measured SAR is given with the used input power.
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Software OPENSAR VS
Phantomn SN 13/09 SAM68
Probe SN 41/18 EPGO333
Ligquid Head Liquid Values: eps' : 39.9 sigma : 0.91
Distance between dipole center and liguid 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=! =8mm/dz=5mm
| Frequency 835 MHz
Input power 20 dBm
Ligquid Temperature 20+/- 1 °C
Lab Tetnpersture 20 +/- 1 °C
Lab Humidity 30-70%
Fi
":"::“V 12 SAR (W/ke/W) 10 g SAR (W/ke/W)
required measured required measured
300 285 1.9
450 458 3.06
750 849 558
835 9.56 10,01 {1.00) 6.2 6.32(0.63)
900 109 699
14% 29 16
1500 305 168
1640 342 164
1750 364 153
1800 384 201
1900 397 205
1950 405 209
2000 411 211
2100 4316 AR
2300 487 233
2450 524 b2}
2600 553 2456
3000 638 257
2300
3500 671 »
3700 674 242
3900 - -
4200
4600
4900
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7.3 BODY LIOUID MEASURE

T Relative permittivity (&) Conductivity (o) /m
required measured required measured
150 619 £10% 080£10%
300 582210% 0.92210%
450 56.7210% 094210%
750 555210% 0.96210%
835 552210% 523 097£10% 0.94
900 S50 £10% 1.05210%
9as S50210% 1.06£10%
1450 S540210% 1.30210%
1610 538210% 1.40 210 %
1800 53380% 1.5220%
1900 533210% 152210%
2000 533%10% 152210%
2100 532210% 162210%
2300 529%10% 181£10%
2450 527200% 1.95210%
2600 525210% 216210%
3000 52020% 27320%
3300 516%10% 3.08%10%
3500 513210% 331%10%
200 510210% 3.55210%
3900 505210% 3.78210%
4200 S504210% 413200%
4600 495210% 460210%
4900 494210% A95210%
5200 450 20% 53080%
5300 489 810% 542810%
5400 487410% 551810%
5500 486 £10% 565210%
S600 485 810% 5.77:10%
5800 482 10% 6.00 #10%
Page: 11713

Template ACRDDDN. YYAMVGBISSUE SAR Reference Dipole vl

This docwrsers shall mog be reprodiced, except i Al o in part, without the written gpprovel of MVG. The iforsation contaimd Ierein (210 by waad

only far the purpeee for winch 2 it submited and & not to be released i whole or part wishaat writter: qpprovad of M VO,

No.: BCTC/RF-EMC-005 Page 142 of 204

Edifion: B.O



No.:

BCTC

mvGg

SAR REFERENCE DIPOLE CALIBRATION REPORT

Report No: BCTC2309714850-3E

Ref ACR329021BES A

74 SARMEASUREME RESULT WITH Y LIOU
Software OPENSAR V3
Phantom SN 13/09 SAMGS
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ - 52.3 sigma : 094

Distance between dipole center and liguid

15.0 mm

Area scan resolution dx=8mm/dy=Smm
Zoon Scan Resolution dx=8mun/dy=8mm./dz=5mm
Frequency 835 MHz
Input power 20 dBm
Ligquid Temperature 20+/-1°C
Lab Temperature 20 4/ 1°C
Lab Humidity 30-70 %%
i oo 1.8 SAR (W/kg/ W) 10,8 SAR (/g /W)
measured measured
835 2.70(097) 632(0.63)
{7
Y
-
» | - B -
< 12
L5 =
- - N
L-: 3 08— N
- =. 034 =~ )
b I | NRUNSIZNADN
T
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8 LIST OF EQUIPMENT
Equipment Summary Sheet
Equipment Manufacturer/ |, Current Next Calibration
S : - : Identification No.| . .~ oy %
Description Model lon No- | atibration Date Date
SAM Phantom MVG SN 13/08 SAMBE Valic!a!ed. Nocal Valid'aled‘ No cal
required. required.
COMOSAR TestBench|  Version 3 NA Nagcam iacel, viNdMAd, . Tio 2
required. required.
Network Analyzer R°""e§SM°h"a’ 2 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2022 10/2025
Network Analyzer — | Rohde & Schwarz
Calibration kit ZV-2235 Wi 0012 OfNees
Network Analyzer —
Calibration kit HP 85033D 3423A08186 06/2021 0612027
Calipers Mitutoya SN 0009732 1042022 10/2025
Reference Probe MVG SN 41/18 EPGO333 1072022 106/2025
Multimeter Keithley 2000 1160271 0242023 02/2026
Signal Generator R°"d°§Msgh““ 106589 04/2022 04/2025
v Characterized prior to |Characterized prior to
Amplfier Mve MODV-023-C-0002 test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 0672021 06/2024
Power Meter Rohde & oo | 832839056 112022 112025
Y Characterized prier to |Characterized prior to
Directional Coupler Krytar 158020 131467 test. No cal required. |test. No cal required.
Temperabire/Humidyl' “penes 1841 44225320 062021 06/2024
Sensor
Page: 13/13
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Report No: BCTC2309714850-3E

SAR Reference Dipole Calibration Report

Ref : ACR.329.11.21. BES.A

SHENZHEN BCTC TECHNOLOGY CO., LTD.
1~2/ F,NO. B FACTORY BUILDING, PENGZHOU
INDUSTRIAL PARK., FUYUAN IST ROAD,
TANGWEI COMMUNITY, FUHAI STREET, BAO'AN
DISTRICT, SHENZHEN, GUANGDONG,CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1800 MHZ
SERIAL NO.: SN 47/21 DIP 1G800-623

Calibrated at MVG
Z.1. de la pointe du diable
Technopéle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 11/25/2021
. cofrac

ETALONNAGE

Accrocitations ¥2.6789 snd 926814
Scope available co www cofiac It

Thee wee of the Cofrac brand and the asccreditation references is prohibited from say reproduction.

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed m MVG using the COMOSAR test bench.  All calibratton results are tracesble to
national metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDBE865664 D01 standards for reference dipoles used for SAR measurement system
validations and the measurements that were performed to venfy that the product complies with the

fore mentioned standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1800
Serial Number SN 47/21 DIP 1G800-623
Product Condition (new / used) New

3 PRODUCT DESCRIPTION

31  GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and

FCC KDB865664 DO1 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 - MVG COMOSAR Validation Dipole

Page: 413
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum less of <20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards specify the mechanical components
and dimensions of the validation dipoles, with the dimension’s frequency and phantom shell
thickness dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore
the dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a
2 mm phantom shell thickness. A direct method 1s used with a ISO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to

Measurement Uncertainty.
5.1 RETURNLOSS
The following uncertainties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN

5.2 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 020 mm
300 - 450 0.44 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty for validation measurements.

Page: 5/13
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Scan Volume Expanded Uncertainty

lg 19 % {SAR)

10g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -28.21 -20 498 Q2 +39Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID

Frequency. ez

1740 1760 1800 1820 1840 1860 1880 1500

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -31.25 -20 477 Q-14)Q2
Page: 6/13
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63 MECHANICAL DIMENSIONS
Freguency MHz Lmm hmm d mm
required measured required measured required measured
300 12004 %, 250,041 %. 63521 %.
450 290.041 %, 166,741 % 5.35 41 %.
750 176.0 41 %. 100.0 41 %, 63521 %,
&35 161041 %. 9.5 41 %. 3641 %.
900 19041 %. 1334 %, I6H%.
1450 9.1 1 %, 517 #1 %. 3641%.
1500 86,2 41 %. 50,0 41 %. 364 %,
1640 79.0 41 %. 45.7 £1 %, 3641%.
1750 75,241 %, 429 21 %. 3641 %,
1800 720 41 %. 7231 417 41 %. 41.63 3641 %, 359
1900 60.0 41 %. 39.5 21 %. 3641%.
1950 66.3 41 %. 38.5 21 %, 3641 %.
2000 64,541 %. 37541 %. 3641 %.
2100 61,041 %. 3574 %. 3641%,
2300 55,5 41 %. 3264 %, 364 %,
2450 51541 %, 30.4.21 %, 3621 %,
2600 18,541 %. 26,621 %. 3641 %,
3000 41541 %. 25.0 1 %. 368 %,
3300
3500 37,041 %, 2642 %. 3681 %,
3700 34741 %. 26421 %, 364 %,
3900
4200
1600
4900
7 VALIDATION MEASUREMENT
The IEC/IEEE 62209-1528 and FCC KDBB65664 DO1 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechamical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
Page: 7/13
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7.1 HEAD LIQUID MEASUREMENT

e s Relative permittivity (&) Conductivity (o) §/m
required measured required measured
300 453 £10% 087£10%
450 4315210% 0.87210%
750 419210% 0.89210%
835 4150% 0.90£10%
200 415810% 0.97£10%
1450 405 10% 1.20£10%
1500 4480% 1.2320%
1640 402210% 131310%
1750 401 210% 137£10%
1800 400£0% 384 1.40210% 136
1900 400 210% 1.40210%
1950 400210% 1.40210%
2000 00£0% 140£10%
2100 393£10% 1.49£10%
2300 39580% 16780%
2450 3952210% 1.80210%
2600 35020% 1.96210%
3000 385%10% 2.40%10%
3300 382%10% 271%10%
2500 379210% 291210%
3700 37.7810% 312810%
2900 5n0% 332810%
4200 371%10% 3.63210%
4600 36.7 210 % 404210%
4900 363210% 435210%
72 SARMEASUREMENT RESULT WITH HEAD LIOUID

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurements should produce the SAR values shown below (for phantom thickness of 2 mm), within
the uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket. the measured SAR is given with the used input power.
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Software OPENSAR VS
Phantomn SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps’ : 38.4 sigma : 1.36
Distance between dipole center and liguid 10.0 mm
Area scan resolution thx=8mm/dy=8mm
Zoon Scan Resolution dx=! =8mm/dz=5mm
| Frequency 1800 MHz
Input power 20 dBm
Ligquid Temperature 20+/- 1 °C
Lab Tetperature 20 +/- 1 °C
Lab Humidity 30-70%
Fi
":"::“V 12 SAR (W/ke/W) 10 g SAR (W/ke/W)
required measured required measured
300 285 1.9
450 4.58 3.06
750 849 558
835 9.56 6.2
900 109 699
14% 29 16
1500 305 168
1640 342 164
17%0 364 153
1800 384 39.74(3.97) 201 20.82(2.08)
1900 397 205
1950 405 209
2000 411 211
2100 4316 AR
2300 487 233
2450 524 b2}
2600 553 2456
3000 638 257
2300
3500 671 »
3700 674 242
3900 - -
4200
4600
4900
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7.3 BODY LIQUID

BCTC/RF-EMC-005

SASURE
T Relative permittivity (&) Conductivity (o) /m
required measured required measured
150 619 £10% 080£10%
300 582210% 0.92210%
450 56.7210% 094210%
750 555210% 0.96210%
835 552210% 097£10%
900 S50 £10% 1.05210%
9as S50210% 1.06£10%
1450 S540210% 1.30210%
1610 538210% 1.40 210 %
1800 53380% 553 1.5200% 149
1900 533210% 152210%
2000 533%10% 152210%
2100 532210% 162210%
2300 529%10% 181£10%
2450 527200% 1.95210%
2600 525210% 216210%
3000 52020% 27320%
3300 516%10% 3.08%10%
3500 513210% 331%10%
200 510210% 3.55210%
3900 505210% 3.78210%
4200 S504210% 413200%
4600 495210% 460210%
4900 494210% A95210%
5200 450 20% 53080%
5300 489 810% 542810%
5400 487410% 551810%
5500 486 £10% 565210%
S600 485 810% 5.77:10%
5800 482 10% 6.00 #10%
Page: 11713
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74 SARMEASUREME RESULT WITH Y LIOU
Software OPENSAR V3
Phantom SN 13/09 SAMGS
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ - 35.3 sigma : 1.49

Distance between dipole center and liguid

10.0 mm

Area scan resolution dx=8mm/dy=Smm
Zoon Scan Resolution dx=8mun/dy=8mm/dz=5mm
Freguency 1800 MHz
Input power 20 dBm
Ligquid Temperature 20+/-1°C
Lab Temperature 20 4/ 1°C
Lab Humidity 30-70 %%
i oo 13 SAR (W/kg/W) 10,8 SAR (/g /W)
measured measured
1800 39.54 (3.95) 2063 (2.06)
e
{7
Py
* N
= ST 1T =
l i 1,
|= 7 am \\
i i N
5 %
- 200
05 A )
LI 12 s ND MRS
2o
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8 LIST OF EQUIPMENT
Equipment Summary Sheet
Equipment Manufacturer/ |, Current Next Calibration
S : - : Identification No.| . .~ oy %
Description Model lon No- | atibration Date Date
SAM Phantom MVG SN 13/08 SAMBE Valic!a!ed. Nocal Valid'aled‘ No cal
required. required.
COMOSAR TestBench|  Version 3 NA Nagcam iacel, viNdMAd, . Tio 2
required. required.
Network Analyzer R°""e§SM°h"a’ 2 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2022 10/2025
Network Analyzer — | Rohde & Schwarz
Calibration kit ZV-2235 Wi 0012 OfNees
Network Analyzer —
Calibration kit HP 85033D 3423A08186 06/2021 0612027
Calipers Mitutoya SN 0009732 1042022 10/2025
Reference Probe MVG SN 41/18 EPGO333 1072022 106/2025
Multimeter Keithley 2000 1160271 0242023 02/2026
Signal Generator R°"d°§Msgh““ 106589 04/2022 04/2025
v Characterized prior to |Characterized prior to
Amplfier Mve MODV-023-C-0002 test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 0672021 06/2024
Power Meter Rohde & oo | 832839056 112022 112025
Y Characterized prier to |Characterized prior to
Directional Coupler Krytar 158020 131467 test. No cal required. |test. No cal required.
Temperabire/Humidyl' “penes 1841 44225320 062021 06/2024
Sensor
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Report No: BCTC2309714850-3E

SAR Reference Dipole Calibration Report

Ref : ACR.329.12.21 BES.A

SHENZHEN BCTC TECHNOLOGY CO., LTD.

1~2/F,NO. B FACTORY BUILDING, PENGZHOU
INDUSTRIAL PARK, FUYUAN IST ROAD,

TANGWEI COMMUNITY, FUHAI STREET, BAO'AN
DISTRICT, SHENZHEN, GUANGDONG,CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 47/21 DIP 1G900-624

Calibrated at MVG
Z.1. de la pointe du diable
Technopole Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 11/25/2021

i, cofrac
,‘\\_\_-\_:r_/_,// Z
S
e / 'r—\ \\‘\‘
“l

WY ETALONNAGE

Accreditations #2.6789 und ¥2.6814
Scope avasdable om www ofrac It

The use of the Colrac brand and the accreditation references is probdbited from amy reproduciion.

Swmmary:!

This document presents the method and results from an accredited SAR reference dipole calibration
performed n MVG usng the COMOSAR test bench.  All calibration results are traceable to
national metrology institutions
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1 INTRODUCTION
This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDBE865664 D01 standards for reference dipoles used for SAR measurement system
validations and the measurements that were performed to venfy that the product complies with the
fore mentioned standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SN 47/21 DIP 1G900-624
Product Condition (new / used) New
3 PRODUCT DESCRIPTION
31 GENERAL INFORMATION
MVG's COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDBB65664 DO1 standards. The product is designed for use with the COMOSAR test bench
only.
Figure 1 - MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum less of <20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards specify the mechanical components
and dimensions of the validation dipoles, with the dimension’s frequency and phantom shell
thickness dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore
the dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a
2 mm phantom shell thickness. A direct method 1s used with a ISO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to

Measurement Uncertainty.
5.1 RETURNLOSS
The following uncertainties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN

5.2 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 020 mm
300 - 450 0.44 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty for validation measurements.

Page: 5/13
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Scan Volume Expanded Uncertainty
lg 19 % {SAR)
10g 19 % (SAR)
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID
Froguency. Niks
1820 |’,l~" 1360 1530 1500 50 1540 1960 1560
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
100 -30.85 -20 519Q+22iQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID

Frequercy, M4z

uB

5N

Frequency (MHz)

Return Loss (dB) Requirement (dB) Impedance

1900

-24.60 -20

4590 +42i0Q
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63 MECHANICAL DIMENSIONS
Freguency MHz Lmm hmm d mm
required measured required measured required measured
300 12004 %, 250,041 %. 63521 %.
450 290.041 %, 166,741 % 5.35 41 %.
750 176.0 41 %. 100.0 41 %, 63521 %,
&35 161041 %. 9.5 41 %. 3641 %.
900 19041 %. 1334 %, I6H%.
1450 9.1 1 %, 517 #1 %. 3641%.
1500 86,2 41 %. 50,0 41 %. 364 %,
1640 79.0 41 %. 45.7 £1 %, 3641%.
1750 75,241 %, 429 21 %. 3641 %,
1800 72041 %. 417 41 %. 3641 %.
1900 60.0 41 %. 6797 39.5 21 %. 39.61 3641%. 360
1950 66.3 41 %. 38.5 21 %, 3641 %.
2000 64541 %. 37541 %. 3641 %.
2100 61,041 %. 35741 %. 3641%,
2300 55,5 41 %. 3264 %, 364 %,
2450 51541 %, 30.4.21 %, 3621 %,
2600 18,541 %. 26,621 %. 3641 %,
3000 41541 %. 25.0 1 %. 368 %,
3300
3500 37,041 %, 2642 %. 3681 %,
3700 34741 %. 26421 %, 364 %,
3900
4200
1600
4900
7 VALIDATION MEASUREMENT
The IEC/IEEE 62209-1528 and FCC KDBB65664 DO1 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechamical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
Page: 7/13
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7.1 HEAD LIQUID MEASUREMENT

e s Relative permittivity (&) Conductivity (o) §/m
required measured required measured
300 453 £10% 087£10%
450 4315210% 0.87210%
750 419210% 0.89210%
835 4150% 0.90£10%
200 415810% 0.97£10%
1450 405 10% 1.20£10%
1500 4480% 1.2320%
1640 402210% 131310%
1750 401 210% 137£10%
1800 400£0% 1.40210%
1900 400 210% 379 1.40210% 143
1950 400210% 1.40210%
2000 00£0% 140£10%
2100 393£10% 1.49£10%
2300 39580% 16780%
2450 3952210% 1.80210%
2600 35020% 1.96210%
3000 385%10% 2.40%10%
3300 382%10% 271%10%
2500 379210% 291210%
3700 37.7810% 312810%
2900 5n0% 332810%
4200 371%10% 3.63210%
4600 36.7 210 % 404210%
4900 363210% 435210%
72 SARMEASUREMENT RESULT WITH HEAD LIOUID

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurements should produce the SAR values shown below (for phantom thickness of 2 mm), within
the uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket. the measured SAR is given with the used input power.
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Software OPENSAR VS
| Phantorn SN 13/09 SAM68
Probe SN 41/18 EPGO333
Ligquid Head Liquid Values: eps’ : 37.9sigma : 1.43

Distance between dipole center and liguid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=8mm/dy=8mm/dz=5mm

| Frequency 1900 MHz

Input power 20 dBm

Ligquid Temperature 20+/- 1 °C

Lab Tetmperature 20 +/- 1 °C

Lab Humidity 30-70%

i oo 12 SAR (W/ke/W) 102 SAR (W/ke/W)
required measured required measured
300 285 1.
450 4.58 3.06
750 8.49 558
835 9.56 6.2
900 109 6959
1450 29 16
1500 305 168
1640 302 184
17% 364 193
1800 384 201
1900 397 41.26{4.13) 205 20.94{2.09)
1950 405 209
2000 411 211
2100 436 79
2300 487 233
2450 524 P2
2600 553 2456
3000 633 257
3300
3500 671 »
37030 674 242
3900 - -
4200
4600
4900
Page: 913
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7.3 BODY LIQUID

BCTC/RF-EMC-005

SASURE
T Relative permittivity (&) Conductivity (o) /m
required measured required measured
150 619 £10% 080£10%
300 582210% 0.92210%
450 56.7210% 094210%
750 555210% 0.96210%
835 552210% 097£10%
900 S50 £10% 1.05210%
9as S50210% 1.06£10%
1450 S540210% 1.30210%
1610 538210% 1.40 210 %
1800 53380% 1.5220%
1900 533210% 550 152210% 157
2000 533%10% 152210%
2100 532210% 162210%
2300 529%10% 181£10%
2450 527200% 1.95210%
2600 525210% 216210%
3000 52020% 27320%
3300 516%10% 3.08%10%
3500 513210% 331%10%
200 510210% 3.55210%
3900 505210% 3.78210%
4200 S504210% 413200%
4600 495210% 460210%
4900 494210% A95210%
5200 450 20% 53080%
5300 489 810% 542810%
5400 487410% 551810%
5500 486 £10% 565210%
S600 485 810% 5.77:10%
5800 482 10% 6.00 #10%
Page: 11713
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74 SARMEASUREMENT RESULT WITH Y LIOU
Software OPENSAR V3
Phantom SN 13/09 SAMGS
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ - 35.0 sigma : .57
Distance between dipole center and liguid 10.0 mm
Area scan resolution dx=8mm/dy=Smm
Zoon Scan Resolution dx=8mun/dy=8mm/dz=5mm
Freguency 1900 MHz
Input power 20 dBm
Ligquid Temperature 20+/-1°C
Lab Temperature 20 4/ 1°C
Lab Humidity 30-70 %%
i oo 1.5 SAR (W/kg/W) 105 SAR (W/kg/W)
measured measured
1900 40.66 (4.07) 2057 (2.06)
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8 LIST OF EQUIPMENT
Equipment Summary Sheet
Equipment Manufacturer/ |, Current Next Calibration
S : - : Identification No.| . .~ oy %
Description Model lon No- | atibration Date Date
SAM Phantom MVG SN 13/08 SAMBE Valic!a!ed. Nocal Valid'aled‘ No cal
required. required.
COMOSAR TestBench|  Version 3 NA Nagcam iacel, viNdMAd, . Tio 2
required. required.
Network Analyzer R°""e§SM°h"a’ 2 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2022 10/2025
Network Analyzer — | Rohde & Schwarz
Calibration kit ZV-2235 Wi 0012 OfNees
Network Analyzer —
Calibration kit HP 85033D 3423A08186 06/2021 0612027
Calipers Mitutoya SN 0009732 1042022 10/2025
Reference Probe MVG SN 41/18 EPGO333 1072022 106/2025
Multimeter Keithley 2000 1160271 0242023 02/2026
Signal Generator R°"d°§Msgh““ 106589 04/2022 04/2025
v Characterized prior to |Characterized prior to
Amplfier Mve MODV-023-C-0002 test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 0672021 06/2024
Power Meter Rohde & oo | 832839056 112022 112025
Y Characterized prier to |Characterized prior to
Directional Coupler Krytar 158020 131467 test. No cal required. |test. No cal required.
Temperabire/Humidyl' “penes 1841 44225320 062021 06/2024
Sensor
Page: 13/13
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SAR Reference Dipole Calibration Report

Ref : ACR.329.15.21 BES.A

SHENZHEN BCTC TECHNOLOGY CO., LTD.
1~2/ F,NO. B FACTORY BUILDING, PENGZHOU
INDUSTRIAL PARK., FUYUAN IST ROAD,
TANGWEI COMMUNITY, FUHAI STREET, BAO'AN
DISTRICT, SHENZHEN, GUANGDONG,CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 47/21 DIP 2G450-627

Calibrated at MVG
Z.1. de la pointe du diable
Technopéle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 11/25/2021
. cofrac

ETALONNAGE

Accrocitations ¥2.6789 snd 926814
Scope available co www cofiac It

Thee wee of the Cofrac brand and the asccreditation references is prohibited from say reproduction.

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed m MVG using the COMOSAR test bench.  All calibratton results are tracesble to
national metrology institutions.
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1 INTRODUCTION
This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDBB65664 D01 standards for reference dipoles used for SAR measurement system
validations and the measurements that were performed to venfy that the product complies with the
fore mentioned standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Serial Number SN 47/21 DIP 2G450-627
Product Condition (new / used) New
3 PRODUCT DESCRIPTION
3.1 GENERAL INFORMATION
MVG's COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDB865664 DO1 standards. The product is designed for use with the COMOSAR test bench
only.
Figure 1 - MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum less of <20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards specify the mechanical components
and dimensions of the validation dipoles, with the dimension’s frequency and phantom shell
thickness dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore
the dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a
2 mm phantom shell thickness. A direct method 1s used with a ISO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to

Measurement Uncertainty.
5.1 RETURNLOSS
The following uncertainties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN

5.2 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 020 mm
300 - 450 0.44 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty for validation measurements.
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Scan Volume Expanded Uncertainty
lg 19 % (SAR)
10g 19 % (SAR)
6 CALIBRATION MEASUREMENT RESULTS
6.1
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 2177 -20 491 Q0+ 8.1j0
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency, MMz
10
15
45~
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -21.55 -20 54702+ 6.8102
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63 MECHANICAL DIMENSIONS
Freguency MHz Lmm hmm d mm
required measured required measured required measured
300 12004 %, 250,041 %. 63521 %.
450 290.041 %, 166,741 % 5.35 41 %.
750 176.0 #1 % 100.0 41 %, 63521 %,
&35 161041 %. 9.5 41 %. 3641 %.
900 19041 %. 1334 %, I6H%.
1450 9.1 1 %, 517 #1 %. 3641%.
1500 86,2 41 %. 50.0 £1 %. 364 %,
1640 79.0 41 %. 45.7 £1 %, 3641%.
1750 75,241 %, 429 21 %. 3641 %,
1800 7204 %. 417 41 %. 3641 %.
1900 £0.041%. 39.5 21 %. 3641%.
1950 66.3 41 %. 38.5 21 %. 3641 %.
2000 64541 %. 37541 %. 3641 %.
2100 61,041 %. 35741 %. 3641%,
2300 55,5 41 %. 3264 %, 364 %,
2450 51541 %. 5137 30.0. 41 %, 30.45 3681%, 360
2600 18,541 %. 26,621 %. 3641 %,
3000 41541 %. 25.0 1 %. 368 %,
3300
3500 37,041 %, 2642 %. 3681 %,
3700 34741 %. 26421 %, 364 %.
3900
4200
1600
4900
7 VALIDATION MEASUREMENT
The IEC/IEEE 62209-1528 and FCC KDBB65664 DO1 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechamical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
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7.1 HEAD LIQUID MEASUREMENT

e s Relative permittivity (&) Conductivity (o) §/m
required measured required measured
300 453 £10% 087£10%
450 4315210% 0.87210%
750 419210% 0.89210%
835 4150% 0.90£10%
200 415810% 0.97£10%
1450 405 10% 1.20£10%
1500 4480% 1.2320%
1640 402210% 131310%
1750 401 210% 137£10%
1800 400£0% 1.40210%
1900 400 210% 1.40210%
1950 400210% 1.40210%
2000 00£0% 140£10%
2100 393£10% 1.49£10%
2300 39580% 16780%
2450 3952210% 36.4 1.80210% 196
2600 35020% 1.96210%
3000 385%10% 2.40%10%
3300 382%10% 271%10%
2500 379210% 291210%
3700 37.7810% 312810%
2900 5n0% 332810%
4200 371%10% 3.63210%
4600 36.7 210 % 404210%
4900 363210% 435210%
72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurements should produce the SAR values shown below (for phantom thickness of 2 mm), within
the uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket. the measured SAR is given with the used input power.
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Software OPENSAR VS
| Phantorn SN 13/09 SAM68
Probe SN 41/18 EPGO333
Ligquid Head Liquid Values: eps’ : 36.4 sigma : 1.96

Distance between dipole center and liguid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=5mm/dy=5mm/dz=5mm

| Frequency 2450 MHz

Input power 20 dBm

Ligquid Temperature 20+/- 1 °C

Lab Tetmperature 20 +/- 1 °C

Lab Humidity 30-70%

i oo 12 SAR (W/ke/W) 102 SAR (W/ke/W)
required measured required measured
300 285 1.
450 4.58 3.06
750 8.49 558
835 9.56 6.2
900 109 6959
1450 29 16
1500 305 168
1640 302 184
17% 364 193
1800 384 201
1900 397 205
1950 405 209
2000 411 211
2100 436 79
2300 487 233
2450 524 5516 (5.52) P 2415(2.01)
2600 553 2456
3000 633 257
3300
3500 671 »
37030 674 242
3900 - -
4200
4600
4900
Page: 913
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7.3 BODY LIQUID

BCTC/RF-EMC-005

SASURE
T Relative permittivity (&) Conductivity (o) /m
required measured required measured
150 619 £10% 080£10%
300 582210% 0.92210%
450 56.7210% 094210%
750 555210% 0.96210%
835 552210% 097£10%
900 S50 £10% 1.05210%
9as S50210% 1.06£10%
1450 S540210% 1.30210%
1610 538210% 1.40 210 %
1800 53380% 1.5220%
1900 533210% 152210%
2000 533%10% 152210%
2100 532210% 162210%
2300 529%10% 181£10%
2450 527200% 534 1.95210% 214
2600 525210% 216210%
3000 52020% 27320%
3300 516%10% 3.08%10%
3500 513210% 331%10%
200 510210% 3.55210%
3900 505210% 3.78210%
4200 S504210% 413200%
4600 495210% 460210%
4900 494210% A95210%
5200 450 20% 53080%
5300 489 810% 542810%
5400 487410% 551810%
5500 486 £10% 565210%
S600 485 810% 5.77:10%
5800 482 10% 6.00 #10%
Page: 11713
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74 SARMEASUREMENT RESULT WITH Y LIOU
Software OPENSAR V3
Phantom SN 13/09 SAMGS
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ - 53.4 sigma - 214

Distance between dipole center and liguid

10.0 mm

Area scan resolution dx=8mm/dy=Smm
Zoon Scan Resolution dxe=Sman/dy=S5mm/dz=5mm
Freguency 2450 MHz
Input power 20 dBm
Ligquid Temperature 20+/-1°C
Lab Temperature 20 4/ 1°C
Lab Humidity 30-70 %%
i oo 13 SAR (W/kg/W) 105 SAR (W/kg/W)
measured measured
2450 5228(5.23) 22682270
e
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8 LIST OF EQUIPMENT
Equipment Summary Sheet
Equipment Manufacturer/ |, Current Next Calibration
S : - : Identification No.| . .~ oy %
Description Model lon No- | atibration Date Date
SAM Phantom MVG SN 13/08 SAMBE Valic!a!ed. Nocal Valid'aled‘ No cal
required. required.
COMOSAR TestBench|  Version 3 NA Nagcam iacel, viNdMAd, . Tio 2
required. required.
Network Analyzer R°""e§SM°h"a’ 2 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2022 10/2025
Network Analyzer — | Rohde & Schwarz
Calibration kit ZV-2235 Wi 0012 OfNees
Network Analyzer —
Calibration kit HP 85033D 3423A08186 06/2021 0612027
Calipers Mitutoya SN 0009732 1042022 10/2025
Reference Probe MVG SN 41/18 EPGO333 1072022 106/2025
Multimeter Keithley 2000 1160271 0242023 02/2026
Signal Generator R°"d°§Msgh““ 106589 04/2022 04/2025
v Characterized prior to |Characterized prior to
Amplfier Mve MODV-023-C-0002 test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 0672021 06/2024
Power Meter Rohde & oo | 832839056 112022 112025
Y Characterized prier to |Characterized prior to
Directional Coupler Krytar 158020 131467 test. No cal required. |test. No cal required.
Temperabire/Humidyl' “penes 1841 44225320 062021 06/2024
Sensor
Page: 13/13
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Report No: BCTC2309714850-3E

SAR Reference Dipole Calibration Report

Ref : ACR.329.16.21 BES.A

SHENZHEN BCTC TECHNOLOGY CO., LTD.

1~2/F,NO. B FACTORY BUILDING, PENGZHOU
INDUSTRIAL PARK, FUYUAN IST ROAD,

TANGWEI COMMUNITY, FUHAI STREET, BAO'AN
DISTRICT, SHENZHEN, GUANGDONG,CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 47/21 DIP 2G600-628

Calibrated at MVG
Z.1. de la pointe du diable
Technopole Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 11/25/2021

i, cofrac
,‘\\_\_-\_:r_/_,// Z
S
e / 'r—\ \\‘\‘
“l

WY ETALONNAGE

Accreditations #2.6789 und ¥2.6814
Scope avasdable om www ofrac It

The use of the Colrac brand and the accreditation references is probdbited from amy reproduciion.

Swmmary:!

This document presents the method and results from an accredited SAR reference dipole calibration
performed n MVG usng the COMOSAR test bench.  All calibration results are traceable to
national metrology institutions
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1 INTRODUCTION
This document contains a summary of the requirements set forth by the IEC/IEEE 62209-1528 and
FCC KDB865664 DO1 standards for reference dipoles used for SAR measurement system
validations and the measurements that were performed to venfy that the product complies with the
fore mentioned standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2600
Serial Number SN 47/21 DIP 2G600-628
Product Condition (new / used) New
3 PRODUCT DESCRIPTION
3.1 GENERAL INFORMATION
MVG's COMOSAR Validation Dipoles are built in accordance to the IEC/IEEE 62209-1528 and
FCC KDB865664 DO1 standards. The product is designed for use with the COMOSAR test bench
only.
Figure 1 - MVG COMOSAR Validation Dipole
Page: 4/13
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4 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum less of <20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards specify the mechanical components
and dimensions of the validation dipoles, with the dimension’s frequency and phantom shell
thickness dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore
the dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a
2 mm phantom shell thickness. A direct method 1s used with a ISO17025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to

Measurement Uncertainty.
5.1 RETURNLOSS
The following uncertainties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN

5.2 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 020 mm
300 - 450 0.44 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty for validation measurements.
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Scan Volume Expanded Uncertainty

lg 19 % (SAR)

19 % (SAR)

10g

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Froauency. Mis

2500 250 540 [0 2580 00 ¥0 W0 W0

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -28.07 -20 5280Q-28)Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID

Frequency, Mi:

uB

5N

7§

Frequency (MHz) Return Loss (dB) Requirement (dB)

Impedance

2600 -26.44 -20

46.7 Q-3410
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63 MECHANICAL DIMENSIONS

Freguency MH2 Lamm hmm d mm
required measured required measured required measured
300 120041 %, 250.0 11 %. 63521 %.
450 290041 %, 166,74 % 6.35 21 %.
750 176.0 £1 % 100,021 %, 63521 %,
835 161041 %. 8954 %. 3641 %.
S00 149041 %. 8335 %. 363 %,
1450 §9.1 £1 %. 517 #1 %. 36E1 %,
1500 86,2 41 %. 500 £1 %. 364%,
1640 79.0 11 %. 457 21 %, 361 %.
1750 15241 %, 429# %. 3681 %,
1800 72041 %. 4178 %, 3641 %,
1200 6H.0 41 %, 31951 %. 360 %.
1950 66341 %. 3852 %, 3621 %.
2000 64,5 1 %. 7.5 %. 36 %.
2100 61,011 %. ISTHN. 3641%,
2300 5554 %, 3264 %, 36 %,
2450 5154 %. J0a %, 3621%,
2600 18541 %. 1819 2862 %. 28.50 3621 %, 9
3000 41.5 1 %. 2501 %. 361 %.
3300
3500 37,041 %, 264%. 3681 %,
o0 34741 %. 26421 %, 364 %,
39200
4200
A600
A%0

7 VALIDATION MEASUREMENT

The IEC/IEEE 62209-1528 and FCC KDBB65664 DO1 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechamical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.
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7.1 HEAD LIQUID MEASUREMENT

e s Relative permittivity (&) Conductivity (o) §/m
required measured required measured
300 453 £10% 087£10%
450 4315210% 0.87210%
750 419210% 0.89210%
835 4150% 0.90£10%
200 415810% 0.97£10%
1450 405 10% 1.20£10%
1500 4480% 1.2320%
1640 402210% 131310%
1750 401 210% 137£10%
1800 400£0% 1.40210%
1900 400 210% 1.40210%
1950 400210% 1.40210%
2000 00£0% 140£10%
2100 393£10% 1.49£10%
2300 39580% 16780%
2450 3952210% 1.80210%
2600 35020% 360 1.96210% 212
3000 385%10% 2.40%10%
3300 382%10% 271%10%
2500 379210% 291210%
3700 37.7810% 312810%
2900 5n0% 332810%
4200 371%10% 3.63210%
4600 36.7 210 % 404210%
4900 363210% 435210%
72 SARMEASUREMENT RESULT WITH HEAD LIOUID

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards state that the system validation
measurements should produce the SAR values shown below (for phantom thickness of 2 mm), within
the uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket. the measured SAR is given with the used input power.
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Software OPENSAR VS
| Phantorn SN 13/09 SAM68
Probe SN 41/18 EPGO333
Ligquid Head Liquid Values: eps’ : 36.0 sigma : 2.12

Distance between dipole center and liguid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=5mm/dy=5mm/dz=5mm

| Frequency 2600 MHz

Input power 20 dBm

Ligquid Temperature 20+/- 1 °C

Lab Tetmperature 20 +/- 1 °C

Lab Humidity 30-70%

i oo 12 SAR (W/ke/W) 102 SAR (W/ke/W)
required measured required measured
300 285 1.
450 4.58 3.06
750 8.49 558
835 9.56 6.2
900 109 6959
1450 29 16
1500 305 168
1640 302 184
17% 364 193
1800 384 201
1900 397 205
1950 405 209
2000 411 211
2100 436 79
2300 487 233
2450 524 P2
2600 553 56.50 {5.65) 2456 2418(242)
3000 633 257
3300
3500 671 »
37030 674 242
3900 - -
4200
4600
4900
Page: 913
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7.3 BODY LIQUID

BCTC/RF-EMC-005

SASURE
T Relative permittivity (&) Conductivity (o) /m
required measured required measured
150 619 £10% 080£10%
300 582210% 0.92210%
450 56.7210% 094210%
750 555210% 0.96210%
835 552210% 097£10%
900 S50 £10% 1.05210%
9as S50210% 1.06£10%
1450 S540210% 1.30210%
1610 538210% 1.40 210 %
1800 53380% 1.5220%
1900 533210% 152210%
2000 533%10% 152210%
2100 532210% 162210%
2300 529%10% 181£10%
2450 527200% 1.95210%
2600 525210% 485 216210% 211
3000 52020% 27320%
3300 516%10% 3.08%10%
3500 513210% 331%10%
200 510210% 3.55210%
3900 505210% 3.78210%
4200 S504210% 413200%
4600 495210% 460210%
4900 494210% A95210%
5200 450 20% 53080%
5300 489 810% 542810%
5400 487410% 551810%
5500 486 £10% 565210%
S600 485 810% 5.77:10%
5800 482 10% 6.00 #10%
Page: 11713
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74 SARMEASUREMENT RESULT WITH Y LIOU
Software OPENSAR V3
Phantom SN 13/09 SAMGS
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ - 48 5 sigma : 211
Distance between dipole center and liguid 10.0 rmm
Area scan resolution dx=8mm/dy=Smm
Zoon Scan Resolution dxe=Sman/dy=S5mm/dz=5mm
Frequency 2600 MHz
Input power 20 dBm
Ligquid Temperature 20+/-1°C
Lab Temperature 20 4/ 1°C
Lab Humidity 30-70 %%
i oo 13 SAR (W/kg/W) 105 SAR (W/kg/W)
measured measured
2600 55.40(5.54) 2325(232)
{7
Py
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8 LIST OF EQUIPMENT
Equipment Summary Sheet
Equipment Manufacturer/ |, Current Next Calibration
S : - : Identification No.| . .~ oy %
Description Model lon No- | atibration Date Date
SAM Phantom MVG SN 13/08 SAMBE Valic!a!ed. Nocal Valid'aled‘ No cal
required. required.
COMOSAR TestBench|  Version 3 NA Nagcam iacel, viNdMAd, . Tio 2
required. required.
Network Analyzer R°""e§SM°h"a’ 2 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2022 10/2025
Network Analyzer — | Rohde & Schwarz
Calibration kit ZV-2235 Wi 0012 OfNees
Network Analyzer —
Calibration kit HP 85033D 3423A08186 06/2021 0612027
Calipers Mitutoya SN 0009732 1042022 10/2025
Reference Probe MVG SN 41/18 EPGO333 1072022 106/2025
Multimeter Keithley 2000 1160271 0242023 02/2026
Signal Generator R°"d°§Msgh““ 106589 04/2022 04/2025
v Characterized prior to |Characterized prior to
Amplfier Mve MODV-023-C-0002 test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 0672021 06/2024
Power Meter Rohde & oo | 832839056 112022 112025
Y Characterized prier to |Characterized prior to
Directional Coupler Krytar 158020 131467 test. No cal required. |test. No cal required.
Temperabire/Humidyl' “penes 1841 44225320 062021 06/2024
Sensor
Page: 13/13
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17. EUT Photographs

EUT Front View
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18. EUT Test Setup Photographs
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STATEMENT

1. The equipment lists are traceable to the national reference standards.

2. The test report can not be partially copied unless prior written approval is issued from our lab.
3. The test report is invalid without the "special seal for inspection and testing".

4. The test report is invalid without the signature of the approver.

5. The test process and test result is only related to the Unit Under Test.

6. Sample information is provided by the client and the laboratory is not responsible for its
authenticity.

7. The quality system of our laboratory is in accordance with ISO/IEC17025.

8. If there is any objection to this test report, the client should inform issuing laboratory within 15
days from the date of receiving test report.

Add :

1-2/Ir:.e,S;uiIding B, Pengzhou Industrial Park, No.158, Fuyuan 1st Road, Zhancheng, Fuhai
Subdistrict, Bao'an District, Shenzhen, Guangdong, China

TEL: 400-788-9558

P.C.: 518103

FAX: 0755-33229357

Website: http://www.chnbctc.com

E-Mail: bctc@bctc-lab.com.cn
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