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This document presents the method and results from an accredited COMOSAR E-Field Probe
calibration performed at MVG, using the CALIPROBE test bench, for use witha MVG COMOSAR
system only. The test results covered by accreditation are traceable to the International System of
Units (SI).
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACRIOTIRZLBES A
1 DEVICE UNDER TEST
Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manmufacturer MVG
Model SSE2
Serial Number SN 39/21 EPGO339
Product Condition (new / used) New
Frequency Range of Probe 0.15 GHz-6GH=z
Resistance of Three Dipoles at Comnector | Dipole 1: R1=0.199 MQ

Dipole 2: R2=0.218 MQ

Dipole 3: R3=0.210 MQ

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

MVG's COMOSAR E ficld Probes are built in accordance to the IEC/IEEE 62209-1528 and FCC
KDBB865664 D01 standards.

vl |

Figure 1 - MVG COMOSAR Dosimetric E field Probe

Probe Length 330 mm
Length of Individual Dipoles 2 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 2.5 mm
Distance between dipoles / probe extremity | 1 mm

3 MEASUREMENT METHOD

The IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards provide recommended practices for
the probe calibrations, including the performance charactenistics of interest and methods by which to
assess their affect. All calibrations / measurements performed meet the fore mentioned standards.

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

32 SENSITIVITY

The sensitivity factors of the three dipoles were determmed using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined m the standards.
Page: 4/11
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33 LOWERDETECTION LIMIT

The lower detection limit was assessed using the same measiremant sot up as used for the lnsarity
measurament: The required lower detecnon oz s 10 mWiks

34 LEOTROFY

The axal 1setropy was eialuated by exposmg the probe to a reference wave from a standard dipole
with the dipols mounted under the flat phantom m the test confizuranen suggested for system
validations and checks. . The probe was rotated zlons its mam s from 0 to 360 degress m 15-
depree steps.  The hermizsphenical sotropy 15 deterrmined by mserbing the probe m a thim plaste box
fillad wath tizsue-equrralent liguod. with the plashe box lhomnated wath the fislds from a haif wave
dipole. The dipols 15 rofated about its axis (0°-18071 1 15% merements. At each step the probe 15
rotated about 1ts axs (0°-3607),

5.1 BOUNDARY FFFECT

The boundary effect 15 defined as the devzaton between the SAR measured data and the expectad
exponential decay m the Ligusd when the probe 15 oriented normal o the interface. To evaluate this
affact, the ligurd Slled flat phantom 13 exposed to fizlds from esther 2 reference dipele or waremude
With the probs nomoal to the phamtem surface, the peak spatial average SAR 15 measured and
compared to the apalynical ralue at the surface.

The boundary =ffect umcertminty can be esimated accordmg to the foliowme uncerminy
approxmation formula based on Imear and exponenhal extrapolations betnesn the surface and 4, +

.{:r alomg lines that are approximately normal to the surfce:

(P 09

o e L 5 N \

SAR . P ]- MR, o, 55 for i, +d ) < 10.mm

whers

SAR o cartainhy 15 the uncertainty 1 percent of the probe boundary effect

T 15 the distance between the surface and the closest —pom-sran measuremnent
point, m malliimetre

HAepen 15 the separation distance between the first and second measurement pomts that
are closest 1o the phantony surface. m mallrmetra, assimung the boundary effect
at the second location 13 neaghgzble

& 15 the mummmm penstration depth m milimetres of the head tssue-equrralent
bhaguids defived m this standard. 1.2, §+ 14 mwm at 3 GH=,

A5ARy. in parcent of SAR is the deviation between the measured SAR walue. at the

distance dp, from the boundary, and the analytical SAR value:

The measured worst case boumdary effact SARmmceramiv[%:] for scannmg distance: larger than
dmm 35 1.0% Linut 2%,

Prpa 34
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4 MEASTREMFENT UNCERTAINTY

The zmdelmes outhned m the IEC/TEEE 62209-1328 and FCC KDBE65664 DO standards weze
followed to generafe the measmrement mnrertamty assoctated with an E-field probe calibration nzmz
the wavezuide techmique. All mncertamties listed below represent am expanded uncertainty expressad
at approcmmately the 95 confidence level wsme a coverage factor of k=2, traceable to the

Intenatiomaliy Accep’tﬁ:] Gmdes to Measorement Uncertainty.

Uncerfainty analysis of e probe calibrntion in wivezuide
Uncertnimiy Probability - Standsrd
ERROR S50URCES value [4) Dictcibation Dhivizor <] Cacertainty (%)
Expanded nncertamiy 14
05 ronfidence lavel k=2 el
5 CALTBRATION MEASURFMENT RESULTS
Calibration Parameters
Ligmd Tempezmre +-1°C
Lat Temperature W=-1°C
Lab Humdity 30-70 %%
5.1 SENSITIVITY TN ATR
Narmx dipole | Normy dipols | Normz dipols
1 (VIV} | 2 VIV | 3 (o ViVim)™)
o4 80 094
DCP dipola 1 | DCP dipole 2 | DCP dipole 3
(mY) (V) fm¥’)
113 107 112

Cahbration curss e1=fV) {1=1.2.3) allow to obtain E-field —alue using the formmia-

E=fE 4 E 4 E;

Pogas 601
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33 SENSITIVITY IN LIOUIT

HLIED 1.1
BL73 1.70
HEEID 1.82
BL3E) 1.56
HES0D 1.60
BL2 L
HL 1450 190
BLLI+50 211
HL1800 1.y
BL1EGD 108
HI 1800 b3
BLESOD 218
HLIMO ]
BLI0OD EE]Y
HE2300 241
BE300 267
HL 2450 235
BL3450 ATl
HILI600 115
BLIGOD 248
HL3300 197
BL330D 1.85
HL300 R
BL3500 LE7
HL2T040 1ET
BL3700 1.58
HI:200 335
BL320D 205
HI 4200 a7
BL420D 218
HLA600 219
BLAG0D 1H
HL4000 1.06
BIA200 1.93
HL 2300 213
3200 198
HLE00 194
BL540D 1.7
HLI600 12
BL3 60D 158
HLFI00 1
BL5EO00 LT

LOWEE DETECTION LIMIT: SmW/ks
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& LIST OF EQUIPMENT

Equipment Summary Shesl

T = Tdentification No.| _ .- . = ;
CALIPROBE Test Version 2 NA Walidated. Mo cal IV aldated No - cal
Bench el required required.
Henwors Analyzer R"'—"'"E;Mma’z 100203 DAr2021 ORI2024
Nemwork Analyzer Agilent BTI3ES MY40EE210 r20e 102022
Network Analyzer — | Rohde & Bchwarz
P R oL w1223 052018 05022
Network Analyzer — " -
L HP 850330 342308 188 DAIZo21 0BI2027
Mulimetzr Keithley 2000 1180271 0242020 B2r073
Signal Generator | Pondek Sowar 108580 42010 DarIOD2
; - Characterized prior o |Charactenzed prior to
Amplies MG MR- 002 0000 test Nocal required. [test No cal require.
Fower Meter NI-LUSE 5680 170100013 oR/2021 oB/2024
Fower Meter R“““EN%EE“““E 837830054 1112018 1it20s
P " - Characternzed pnot to | Characterzed prior to
Directional Coupler Krytar 158020 31467 test Mo eal required |test: No eal renuired.
T Validsizd. Nocal  [Vaidated, Nocad
Waweguide MVG SN 32MEWG4 1 g Feguired.
. SN 32016 |Validsted. Mocal | [Validated, Nocal
Uicuaic trapsiiion bz WELIO G001 fequired —
Waveguids MYG S 32116 W 1 [(aldated. Nocal  Nalidated. Nocal
Fequired Feguired.
: > SN 3206 [alidaed Mocal | [Vakda=d. Mocal
Pt {rmees it MVE WGLIQ G500 1 fequires Fequired.
B . Nalidsied. Nacal  |shcatd Nocal
Waveguide MVG SN 3 wes_ 1 [ iy
._. " SN 32le  [alidsted. Macal | [Vakdatza Nocal
Liguaid trarisiian MViE WGLIO 1GB00B_1 [equired ——
- " SN 32116 [Validated. Mocal | [Vahidated. Nocdl
i st MVG WGLID_1GE00H 1 fequires Fequired.
Waveguide MG £M 32118 WE10_1 Eﬂ:ﬂg;d o
= = SN 326 [Jalidated. Mocal | [Vabdmed Mocal
LinS irgnisifinn ol WGLIO 36500 1 fequires Fenuired.
Page; 1011
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. : SN 3216 Nalidated. Nocal  |vaidated. No cal
Loy et MV WELIO 5G000_1 pequires —
Temperaiure / Humidy Tesig 184 H1 4473571 DRI 0812024
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F.2 2450 MHz Dipole

SAR Reference Dipole Calibration Report

Ref : ACR.77.7.21. MVGB.A

KUNSHAN BALUN COMMUNICATIONS
TECHNOLOGY CO.,LTD.
ROOM 101, BUILDING 5, NO. 1689, ZIZHU ROAD
YUSHAN TOWN, KUNSHAN, JIANGSU, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 08/21 DIP2G450-452

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

Calibration date: 03/18/2021
v, cofrac
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Accreditations #2-6789 and #2-6814
Scope available on www.cofrac.fr

Summary:

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
national metrology institutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR77.721 MVGB.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and

CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to verify 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 08/21 DIP2G450-452
Product Condition (new / used) Used
3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CEVIEC 62209 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 IEEE 1528, FCC KDBs and CEIIEC 62209 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 befter. 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 IEEE Std. 1528 and CEIIEC 62209 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 Intemationally 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 0.20 mm
300 - 450 0.44 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEI/IEC 62209
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)

10¢g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz

2460

=B

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -28.61 -20 493Q-3.6iQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz

2440 2460 2480 2500 2520

S11.48

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -24.09 -20 528Q-551Q

Page: 6/13
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63 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm dmm
required measured required measured required measured
300 420.0 11 %. 250.0 £1 %. 6.35 %1 %.
450 290.0 £1 %. 166.7 +1 %. 6.3541%.
750 176.0 +1 %. 100.0 +1 %, 6.35 %1 %.
835 161.0 £1 %. 89.8 £1 %. 3.6 1 %.
900 149.0 +1 %. 83.341%. 3.6+1%.
1450 89.1+1 %. 51.7 +1 %. 3.6+1%.
1500 80.5£1 %. 50.0 +1 %. 3.611%.
1640 79.0 £1 %. 45.7 +1 %. 3.6 11 %.
1750 75.2 £1 %. 42.9 +1 %. 3.6+1%.
1800 72.0£1 %. 41.7 41 %. 3.6 1 %.
1900 68.0 £1 %. 39.5 +1 %. 3.6+1%.
1950 66.3 £1 %. 38.5 1 %. 3.6 £1 %.
2000 64.5 11 %. 37.5+1%. 3.6 £1 %.
2100 61.0£1 %. 35.7+1%. 3.6+1%.
2300 55.5+1 %. 32.6 +1 %. 3.6 £1 %.
2450 51.511%. 30.4 41 %. 3641 %.
2600 48.5 1 %. 28.8 41 %. 3.6+1%.
3000 41.5 £1 %. 25.0 #1 %. 3641 %.
3300 - -
3500 37.041 %. 26.4 1 %. 3.611%.
3700 34.7+1 %, 26.4+1 %. 3.6+1%.
3900 -
4200
4600
4900 -

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 62209 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.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR77.721 MVGB.A

7.1 HEAD LIQUID MEASUREMENT

Fre:;::cv Relative permittivity (s’) Conductivity (6) S/m
required measured required measured
300 453 110 % 0.87 £10 %
450 435 110 % 0.87£10%
750 41.9 210 % 0.89:10%
835 41.5210% 0.90 10 %
900 415 £10 % 0.97 £10%
1450 405 210 % 1.20:10%
1500 404 10 % 1.23:10%
1640 402 $10% 1.31:10%
1750 401 £10% 1.37#10 %
1800 40.0 210 % 1.40 £10 %
1900 40.0 £10 % 1.40:10%
1950 400 210 % 1.40:10%
2000 400 10 % 1.40:10%
2100 39.8 110 % 1.49:10%
2300 395 1:10% 1.67 :10 %
2450 392 410% 1.9 1.80 10 % 1.88
2600 39.0 110 % 1.96 210 %
3000 385 410% 240210 %
3300 382 £10% 2.71:10%
3500 379 £10 % 2.91:10%
3700 37.7 110 % 3.12:10%
3900 375 10% 3.32:10%
4200 371 :10% 3.63:10%
4600 36.7 210 % 4.04:10%
4900 363 110% 4.35210%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 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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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref- ACR77.721 MVGEB A

Software OPENSAR V5
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Head Liquid Values: eps” : 41.9 sigma : 1.88
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=Smm/dy=5mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 20 +/- 1 °C
Lab Temperature 20 +/- 1 °C
Lab Humidity 30-70 %
F'T;":fz"‘v 1.8 SAR (W /ke/W) 10 SAR (W/ke/W)
required measured required measured
300 2.85 194
450 4.58 3.06
750 8.49 5.55
835 9.56 6.22
900 109 6.99
1450 29 16
1500 305 168
1640 342 184
1750 364 193
1800 384 201
1900 39.7 205
1950 405 209
2000 411 211
2100 436 219
2300 48.7 233
2450 524 51.44(5.14) 24 23.18(2.32)
2600 553 246
3000 638 25.7
3300
3500 671 25
3700 674 242
3900
4200
4600
4900
Page: 9/13
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR77.721 MVGB.A
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mVG SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACR77.721 MVGB A

7.3 BODY LIQUID MEASUREMENT
Fre:;::cv Relative permittivity (s’) Conductivity (6) S/m
required measured required measured
150 619 $10% 0.80 10 %
300 582 110 % 0.92410%
450 56.7 10 % 0.94:10%
750 555110 % 0.96 £10 %
835 552 10 % 0.97 £10%
900 55.0 £10 % 1.05:10%
915 55.0 10 % 1.06 £10 %
1450 540 10 % 1.30:10%
1610 538 110% 1.40 £10 %
1800 533 10% 1.52:10%
1900 533 £10% 1.52£10%
2000 533 #10% 1.52:10%
2100 532110% 1.62:10%
2300 529 10 % 1.81:10%
2450 527 110 % 534 1.95:10% 214
2600 52.5410% 216 #10%
3000 52.0 210% 273:10%
3300 516 410% 3.08£10%
3500 513 £10 % 3.31:210%
3700 51.0 £10 % 3.55:10%
3900 508 £10 % 3.78:10 %
4200 504 10 % 413:10%
4600 498 10 % 4.60:10%
4900 494 $10 % 4.95:10%
5200 49.0 10 % 5.30210%
5300 489 £10 % 5.42:10%
5400 48.7 £10 % 5.53£10%
5500 48.6 £10 % 5.65:10%
5600 485 £10 % 577:10%
5800 48.2 10 % 6.00 £10 %
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mvGg SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR77.721 MVGB A

74 SARMEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR V5
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Body Liquid Values: eps’ : 53.4 sigma : 2.14
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=Smm/dy=5mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
ey 1g SAR (W/kg/W) 10.g SAR (W/kg/W)
measured measured
2450 53.29(5.33) 2316(2.32)
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref ACR77.721 MVGB A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Model  |Mdentification No.| .y ration Date Date
SAM Phantom MVG SN-13/00-SAMes [/2lidated. Nocal Validated. ~ No cal
required. required.
8 Validated. No cal \Validated. No cal
COMOSAR Test Bench Version 3 NA Fequired. Fequired.
Network Analyzer | Ronde % Schwarz 100203 05/2019 05/2022
Network Analyzer - | Rohde & Schwarz
Calibration kit Z7V-2235 101223 05/2019 05/2022
Calipers Mitutoyo SN 0009732 10/2019 10/2022
Reference Probe MVG EPGO333 SN 41/18 05/2020 05/2021
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | RoNde & Schwarz 106589 04/2019 04/2022
. Characterized prior to|Characterized prior to
Amplier fathercomm SN 048 test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 05/2019 05/2022
< & Characterized prior to|Characterized prior to
Directional Coupler Nerda4216-20 01386 test. No cal required. [test. No cal required.
Temperniure HumIdYl  Testo 184 H1 44220687 05/2020 05/2023
ensor
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F.3 5 GHz Waveguide

SAR Reference Waveguide Calibration Report

Ref: ACR.77.9.21 MVGB.A

KUNSHAN BALUN COMMUNICATIONS
TECHNOLOGY CO.,LTD.
ROOM 101, BUILDING 5, NO. 1689, ZIZHU
ROADYUSHAN TOWN, KUNSHAN, JIANGSU,
CHINAMVG COMOSAR REFERENCE WAVEGUIDE

FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 49/16 WGA42

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

Calibration date: 03/18/2021
o, cofrac
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Accreditations #2-6789 and #2-6814
Scope available on www.cofrac.fr

Summary:

This document presents the method and results from an accredited SAR reference waveguide
calibration performed at MVG, using the COMOSAR test bench. The test results covered by
accreditation are traceable to the International System of Units (SI)
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Ref: ACR77.921 MVGE A

TABLE OF CONTENTS

3 S 111 (1 O O OO VY P S Ty .
DD 0 I o s o o i U s o e s B S s v 4

[

3 ProaUCE PIeSCIPION .o s s S A A s s
31 General Information 4
4.  MeasutethetitMethod ....ounnnnianasiimuuinuunuminainsansssisma

4.1  Retumn Loss Requirements 4
42  Mechanical Requirements 4

5 Measurenment UMCertainby . s i s s i 5
9:1 Retumn Loss

n

5.2 Dimension Measurement

W

53  Validation Measurement

6  Calibration Measurement RESUILS..........cc.oviiiiiiiiriiiii e e 5
6.1  Return Loss In Head Liquid 5
6.2  Retumn Loss In Body Liquid
6.3  Mechanical Dimensions

% NalidEREICMERBOIEIEHE . i L S A TR

7.1  Head Liquid Measurement 7

7.2 SAR Measurement Result With Head Liquid 7

7.3 Body Liquid Measurement 10

7.4  SAR Measurement Result With Body Liquid 10
8 Listof EQUIPMENt  «nmuimmsmnaismmaasmivsasainsmsinasssaidasinme 1D

Page: 3/13
Template ACR.DDD.N.YY.MVGB.ISSUE_SAR Reference Waveguide vG

This document shall nat be reproduced, except i fidl or in part, withaut the written approval of MVG. The information contained herein is to be used
only for the purpase for which & is submitted and is not to be released inwhole or part withott writen approval of MVG.

27 / 37



Report No.: BL-EC2220625-701&702 GI'UUFI

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Ref: ACR77.921. MVGB.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528 and CEVIEC
62209 standards for reference waveguides used for SAR measurement system validations and the

measurements that were performed to verify that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 5000-6000 MHz REFERENCE WAVEGUIDE
Manufacturer MVG
Model SWGS500
Serial Number SN 49/16 WGA42
Product Condition (new / used) | Used

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Waveguides are built in accordance to the IEEE 1528 and CEI/IEC
62209 standards.

4 MEASUREMENT METHOD

The [EEE 1528 and CEI/IEC 62209 standards provide requirements for reference waveguides 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 waveguide used for SAR system validation measurements and checks must have a return loss of
-8 dB or better. The return loss measurement shall be performed with matching layer placed in the
open end of the waveguide, with the waveguide and matching layer in direct contact with the
phantom shell 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 IEEE 1528 and CEI/IEC 62209 standards specify the mechanical dimensions of the validation
waveguide, the specified dimensions are as shown in Section 6.2. Figure 1 shows how the
dimensions relate to the physical construction of the waveguide. A direct method is used with a
ISO17025 calibrated caliper.
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Ref: ACR77.921 MVGB A

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT

mvG

Gruup

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 Intemationally Accepted Guides to
Measurement Uncertainty.

5.1

RETURN LOSS

The following uncertainties apply to the refurn 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

0.20 mm

53

VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528 and CEVIEC 62209 standards were followed to generate
the measurement uncertainty for validation measurements.

Scan Volume

Expanded Uncertainty

lg

19 % (SAR)

10g

-

19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1

RETURN LOSS IN HEAD LIQUID

Frequency. MHz

5200

5300 5400

S11.d8

Page: 5/13
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Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance

5200 -10.04 -8 24.02 Q +13.29 Q2

5400 -11.92 -8 73.66 QQ-2.751Q2

5600 -15.41 -8 34.98 Q) -6.93 Q2

5800 -14.74 -8 5837 Q2+ 15.85 jQ2

6.2 RETURN LOSS IN BODY LIQUID

1.48

Frequency. MHz
5500 5600

Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance
5200 -9.12 -8 22.55 Q + 16.68 Q2
5400 -10.92 -8 75.46 Q) - 6.851Q
5600 -13.90 -8 31.14 Q) - 4.681Q
5800 -12.83 -8 61.90 Q) + 18.50 Q2
6.3 MECHANICAL DIMENSIONS
Frequency L (mm) W (mm) Lg (mm) Wr (mm)
(MHz) Required | Measured | Required | Measured | Required | Measured | Required | Measured
5800 40.39 & 2019 £ 8103 ¢ 6198 +
3 0.13 0.13 0.13 0.13
Page: 6/13

30 / 37



Report No.: BL-EC2220625-701&702 GI'CIUFI
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Matching layer

Figure 1: Validation Waveguide Dimensions

7 VALIDATION MEASUREMENT

The IEEE Std. 1528 and CEIIEC 62209 standards state that the system validation measurements
must be performed using a reference waveguide meeting the fore mentioned return loss and
mechanical dimension requirements. The validation measurement must be performed with the
matching layer placed in the open end of the waveguide, with the waveguide and matching layer in
direct contact with the phantom shell.

7.1  HEAD LIQUID MEASUREMENT

FI'E:'UHQ;ICV Relative permittivity (&) Conductivity {(¢) S/m
required measured required measured
5000 36.2 10 % 4.45 110%
5100 36.1 10 % 4.56 110 %
5200 36.0 £10 % 34.06 4.66 +10% 4.70
5300 35.9+10% 4.76 110 %
5400 358 £10% 33.3% 4.86 110 % 4.91
5500 356110% 497 110%
5600 355110% 32.77 5.07 10% 5.13
5700 35.4 110 % 5.17 110 %
5800 353 410% 32.40 5.27 $10% 5.34
5900 35.2£10% 5.38 110 %
6000 35.1 10% 5.48 110 %
7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

At those frequencies, the target SAR value can not be generic. Hereunder is the target SAR value
defined by MVG, within the uncertainty for the system validation. All SAR values are normalized
to 1 W net power. In bracket, the measured SAR is given with the used input power.
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT

Software OPENSAR V5

Phantom SN 13/09 SAM68

Probe SN 41/18 EPGO333

Liquid Head Liquid Values 5200 MHz: eps’ :34.06 sigma : 4.70

Head Liquid Values 5400 MHz: eps’ :33.39 sigma : 4.91
Head Liquid Values 5600 MHz: eps’ :32.77 sigma : 5.13
Head Liquid Values 5800 MHz: eps’ :32.40 sigma : 5.34

Distance between dipole waveguide and liquid

0O mm

Area scan resolution

dx=Smm/dy=8mm

Zoon Scan Resolution

dx=4mm/dy=4m/dz=2mm

Ref ACR77.921 MVGB A

Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
required measured required measured
5200 159.00 164.06 (16.41) 56.90 57.20(5.72)
5400 166.40 169.77 (16.98) 58.43 58.73 (5.87)
5600 173.80 175.86 (17.59) 59.97 59.97 (6.00)
5800 181.20 182.49 (18.25) 61.50 61.35(6.14)

SARMFEASUREMENT PLOTS @ 5200 MHz

SAR Wik
/

] 0 12 14 16 18 0 2 4 %
7 twm)

Page: 8/13

Template ACR.DDD.N.YY.MVGB.ISSUE _SAR Reference Waveguide vG

This document shall nat be reproduced, except i fidl or in part, withaut the written approval of MVG. The information contained herein is to be used

only for the purpase for which & is submitted and is not to be released inwhole or part withott writen approval of MVG.

32 / 37




Report No.: BL-EC2220625-701&702

Gruup

mvGg

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT

Ref ACR77.921 MVGE A

SAR MEASUREMENT PLOTS @ 5400 MHz
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Ref ACR77.921 MVGB A

7.3 BODY LIQUID MEASUREMENT
Fre:ﬂt:zncv Relative permittivity (&) Conductivity (6) S/m
required measured required measured
5200 49.0 10 % 4550 5.3010 % 563
5300 489 £10 % 5.42110%
5400 48.7 10 % 44.78 5.53:10% 5.95
5500 48610 % 5.65+10 %
5600 48510 % 4485 5.77£10 % 6.26
5800 482 :10 % 4445 6.00:10 % 6.58
74 SARMEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR VS5
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Body Liquid Values 5200 MHz: eps' :45.50 sigma : 5.63
Body Liquid Values 5400 MHz: eps' :44.78 sigma : 5.95
Body Liquid Values 5600 MHz: eps' :44.85 sigma : 6.26
Body Liquid Values 5800 MHz: eps' :44.45 sigma : 6.58
Distance between dipole waveguide and liquid 0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=4mm/dy=4m/dz=2mm
Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperature 20+/-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %
Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
measured measured
5200 155.52 (15.55) 54.40 (5.44)
5400 160.07 (16.01) 55.75 (5.57)
5600 167.84 (16.78) 58.06 (5.81)
5800 169.88 (16.99) 58.21 (5.82)
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BODY SAR MEASUREMENT PLOTS @ 5200 MHz
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ODY SAR MEASUREMENT PLOTS @ 5800 MHz
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mvGg

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT

Ref ACR77.921 MVGE A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Model  |Mdentification No.| .y ration Date Date
Flat Phantom MVG SN-13/00-SAMeg [/2lidated. Nocal Validated. ~ No cal
required. required.
8 Validated. No cal \Validated. No cal
COMOSAR Test Bench Version 3 NA Fequired. Fequired.
Network Analyzer | Ronde % Schwarz 100203 05/2019 05/2022
Network Analyzer - | Rohde & Schwarz
Calibration kit Z7V-2235 101223 05/2019 05/2022
Calipers Mitutoyo SN 0009732 10/2019 10/2022
Reference Probe MVG EPGO333 SN 41/18 05/2020 05/2021
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | RoNde & Schwarz 106589 04/2019 04/2022
Amplifier Relliercaimin SN 046 Characterized pripr to|Characterized pripr to
test. No cal required. [test. No cal required.
Power Meter NI-USB 5680 170100013 05/2019 05/2022
< & Characterized prior to|Characterized prior to
Directional Coupler Nerda4216-20 01386 test. No cal required. [test. No cal required.
Temperniure HumIdYl  Testo 184 H1 44220687 05/2020 05/2023
ensor
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