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5G WIFI U-NII-3: Body

SAR Measurement at IEEE 802.11n U-NII (Body, Validation Plane)

Report No.: TCT220921E031

Date of measurement: 13/10/2022

A. Experimental conditions.

Probe SSE2 (SN 36/20 EPGO346)
ConvF 2.13
Area Scan surf sam plan.txt
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm,Complete
Phantom Validation plane
Device Position Body
Band IEEE 802.11n U-NII
Channels Higher (159)
Signal IEEE 802.11
B. Permitivity
Frequency (MHz) 5795.000
Relative permitivity (real part) 47.594
Relative permitivity (imaginary part) 14.935
Conductivity (S/m) 5.955
C. SAR Surface and Volume
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Maximum location: X=-24.00, Y=17.00 ; SAR Peak: 0.40 W/kg

D. SAR 1g & 10g

SAR 10g (W/Kg) 0.122
SAR 1g (W/Kg) 0.194
Variation (%) 2.620
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 2.00 7.00 12.00 17.00
SAR (W/Kg) 0.388 0.257 0.086 0.042 0.050

Hotline: 400-6611-140  Tel: 86-755-27673339
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5G WIFI U-NII-3: Front-of-face
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SAR Measurement at IEEE 802.11n U-NII (Body, Validation Plane)

Date of measurement: 13/10/2022
A. Experimental conditions.

Probe SSE2 (SN 36/20 EPGO346)
ConvF 2.13
Area Scan surf sam plan.txt
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm,Complete
Phantom Validation plane
Device Position Body
Band IEEE 802.11n U-NII
Channels Higher (159)
Signal IEEE 802.11
B. Permitivity
Frequency (MHz) 5795.000
Relative permitivity (real part) 47.594
Relative permitivity (imaginary part) 14.935
Conductivity (S/m) 5.955
C. SAR Surface and Volume
SURFACE SAR VOLUME SAR
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Maximum location: X=7.00, Y=29.00 ; SAR Peak: 0.20 W/kg

D. SAR 1g & 10g

SAR 10g (W/Kg) 0.046
SAR 1g (W/Kg) 0.108
Variation (%) -1.500
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/Kg) 0.167 0.110 0.066 0.041 0.028

Hotline: 400-6611-140  Tel: 86-755-27673339

Page 163 of 261

Fax: 86-755-27673332  http://www.tct-lab.com




TCT = =n

Report No.: TCT220921E031

017-

014

0.02-

"'hq..h.-

e |

2 4 b B1D12141E132ﬂ222426233:ll

Z {mm}

s S

F. 3D Image

3D screen shot

Hot spot position

Wik

0110
. 0.097
0.084
0.071
0.057
0.044
0.031

I 0017
0.004

l -

itk

0.094
. 0.083
0.072
| 0.061
0.049
0.038
0.027
0.015
0.004

Hotline: 400-6611-140  Tel: 86-755-27673339

Page 164 of 261

Fax: 86-755-27673332  http://www.tct-lab.com




TCT
TESTING CENTRE TECHNOLOGY Report No.: TCT220921E031
Appendix A: EUT Photos

Please refer to RF report.

Liquid depth

The Body Liquid of 2450MHz (15.3cm) The Body Liquid of 5000-6000MHz (16.5cm)
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Appendix B: Test Setup Photos
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Appendix C: Probe Calibration Certificate
COMOSAR E-FIELD Probe

COMOSAR E-Field Probe Calibration Report

Ref: ACR.297.1.20MVGB. A

SHENZHEN TONGCE TESTING LAB.

TCT TESTING INDUSTRIAL PARK, FUQIAO 5TH
INDUSTRIAL ZONE, FUHAI STREET,
BAOAN DISTRICT, SHENZHEN, GUANGDONG ,
518103, PEOPLES REPUBLIC OF CHINA
MVG COMOSAR DOSIMETRIC E-FIELD PROBE

SERIAL NO.: SN 36/20 EPGO36

Calibrated at MV G
Z.1. de la pointe du diable
Technopile Brest Iroise = 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 06/05/2022
cofrac

FTRLONNAGE

Accredilaiions ¥2=6759 and #2-6514
Soope availible on www.oofmc

S ry:

This document presents the method md resulis from an accrediied COMOSAR E-Field Probe
calibration performed at MVG, using the CALIPROBE test bench, for use with a MVG COMOSAR
system only. The test resulis covered by accreditation are waceable to the International System of

Units { 51}
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COMOSAR E-FIELD PROBE CALIBRATION REPORT R e e
Name Function Date Signatire
FPreparved by : Jérdme LUC Technical Manager 06/05/2022 {'j’f?‘;
™ et I L o - L - ol '--1:;'5’-
Checked by Jértme LUC Technical Manager 06/05/2022 -
Approved by : Yann Toutain Laboratory Director 06/05/2022 %m VoLt
i

Crisiomer Name
SHENHEN TONGCE
TESTING LAB.

Distriburion

Issue Name Date Modifications
A Jértme LUC 06/05/2022 Initial release
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COMOS AR E-FIELD PROBE CALIBRATION REPORT Ref: ACR 2971 HLMVGE A
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COMOSAR E-FIELD FROBE CALIBRATION REPORT Bz ACR297. 120 MVGE.A

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 36/20 EPGO346
Product Condition {new / used) New
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.217MQ
Dipole 2: R2=0.245 MQ
Dipole 3: R3=0.219 MO

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVG's COMOSAR E field Probes are built in accordance to the IEEE 1528, FCC KDB&65664
D01, CENELEC EN62200 and CEIFIEC 62200 standards.

Figure 1 = MVG COMOSAR Dosimetric E field Dipole

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

3 MEASUREMENT METHOD

The IEEE 1528, FCC KDBR65664 D01, CENELEC ENG62209 and CEI/IEC 62209 standards provide
recommended practices for the probe calibrations, including the performance characteristics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

31 LINEARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01W/kg w 100W/kg.
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COMOS AR E-FIELD PROBE CALIBRATION REPORT Ref: ACR29T.1LH0L MVGE A

32 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.

33 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as used for the linearity
measurement. The required lower detection limitis 10 mWikg.

34 [SOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flar phantom in the test configuration snggested 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°<180°%) in 15° increments. At each step the probe is
rotated about its axis (0°=360%),

31 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal to the imterface. To evaluate this
effect. the liquid filled flat phantom is 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 o along lines that are approximately normal to the surface:

(e +d)” (o504
2d 572

SAR g %)= EAR,, for [dy, +dg) < 10 mm

sl

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

& 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 is the deviation between the measured SAR value, at the

distance df,, from the boundary, and the analytical SAR value.
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mvg COMOS AR E-FIELD PROBE CALIBRATION REPORT Rl ACR 2971 XL MVGE A

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

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the [EEE 1528, OET 65 Bulletin C. CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technigue. 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 A ccepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide

i Uncertainty Prmbability : . Standard
EREOR SOURCES value (%) Distribution Dvior e Uncertainty { %)
Expanded uncertainty 14 %
935 % confidence level k = 2 5

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liguid Temperature W +H-1°C
Lab Temperature W+H-1°C
Lab Homidity 30-80 %

5.1 SENSITIVITY IN AIR

MNormx dipole | Normy dipole | Normz dipole
L pVAYmY) | 2 (VA5 | 3 wVivimh
0.81 0.71 0.80

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
115 112 112

Calibration curves ei=f{V') (i=1.2.3) allow to obtain E-field value using the formula:
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mvg COMOS AR E-FIELD PROBE CALIBRATION REPORT Fef: ACR297. 120 MVGE.A

Calibration curves
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52 LINEARITY

Lineanty

0 100 200 300 400 500 600 648
E-Field {\//m)

Linearity+/-1.97% (+/-0.09dB)
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mvg COMOSAR E-FIELD PROBE CALIBRATION REPORT Rl ACR2T.1HLMVGE.A

§3  SENSITIVITY IN LIQUID

Liguid Frequency Pernurtivaty Epsalon (5m) ConvF
(MHz */-
100N H
HL450 450 __4543 | 0.86
BL450 450 SEED 0.0
HL730 %0 40.76 0.91
BL750 750 56.70 0.98
HLE50 835 40 86 092
BLESD B35 5635 099
HL 0 900 4194 093
BLS0O G0 5462 098
HLISOO 1800 | 4086 )
BL 1800 1800 21 147
HL1900 1 5o} 19.67 1.38
BLISM0 1500} Y] 159 2
HL 3000 Jiuiy 18.71 142 3
BL20o | 2000 | 5103 2| 0182 | 2210
HL24%0 4% 2| M7 | 0 180 =31
BL2450 2450 .91 197 237
| HL2600 26400 39.9% 189 216
___BLIG0O 2600 442 | 0248 1 0 233
HL3500 3500 3794 ] 2.57 2.2
BLISO | 3500 T i 33 |
HL5200 S200 36 68 445 20]
BLE200 S200 1902 546 208
HL2400 2400 | 3608 369 14
BLS400 2400 4955 5.43 159
__HLS600 | S600 | 3534 | 495 | 207 |
£600 4760 77 212
5500 EEd] S08 206 |
T 00 — 47sl 612 218 |

LOWER DETECTION LIMIT: SmW ke

Page: 8/10)

Femplate A CRINE.N YY.MVGETSSUE _COMOSAR Frobe vH
Thuy decasnens shallwod be reproduced, exorps i fll or mpar, witbous the wngen gpproel of WYE The gismua son contaimed heran is @ be used
anly far the purpose forwhich i subm itad and is not e be released in whole orpanwithout writen app roval o f VG

Page 174 of 261

Hotline: 400-6611-140 __ Tel: 86-755-27673339  Fax: 86-755-27673332 _ http://www.tct-lab.com




I C I Report No.: TCT220921E031

mvG COMOS AR E-FIELD PROBE CALIBRATION REPORT Fef ACR 971N MVGE A

54 ISOTROPY
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COMOS AR E-FIELD PROBE CALIBRATION REPORT Ref: ACRI9T1HLMVGE.A

L

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
ldentification No.
Description Model CRELO O e i T Date
Malidated. Mo cal Walidated. No eal
Flat Phantom MVG SN-20/09-5AMT equinad. ecuired.
z palidated. Ma cal Walidated. Mo eal
ICOMOSAR Test Banch Viersion 3 MA, equired. aquired.
Network Analyzer R““dazﬁwsﬂ'“ s 100203 0512022 0512024
Metwork Analyzer= | Rohde & Schwarz
Calibration kit ZV-Z23%5 101223 04/2022 04/2024
Multimeatar Keithley 2000 1180271 04/2022 /2024
Sigral Generator | Fonde & Sehwarz 106589 04/2022 0442024
Characterized prior 1o [Characterzed prior 1o
Hrvpliiar Astharsomm S 048 tesl. Mocal required. |test. No cal requinad.
Powar Meter MI-LISB 5680 170100013 05/2022 05/2024
- Characterized prior 1o [Characterzed prior 1o
Directional Coupler Narda 421620 01388 tasl. Mocal equired. |test. No eal required.
Malidated. Ma eal WValidated. MNoeal
Waveguide Mega Industries | 069Y7-158-13-T12 equired. equired.
. 2o ; Malidated. Mao cal WValidated. Mocal
Wavequide Transition | Meqa Indusiries | 068Y7-158-13-701 equired. aquired.

i : Malidated. Ma eal WValidated. Mo eal
Waveguide Termination| Mega Industries | 069%Y7-158-13-701 equired. equired.
[Temperature / Humidity

San Testo 184 H1 44200687 05/2020 05/2023

&0
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Dielectric Probe Calibration

Dielectric Probe Calibration Report

Ref: ACR.138.4.33.SATU.A

SHENZHEN TCT TESTING TECHNOLOGY CO., LTD
2101&2201, ZHENCHANG FACTORY, RENSHAN
INDUSTRIAL ZONE, FUHAI SUBDISTRICT, BAOAN
DISTRICT, SHENZHEN, GUANGDONG, 518103,
PEOPLES REPUBLIC OF CHINA

MVG COMOSAR DOSIMETRIC E-FIELD PROBE

FREQUENCY: 0.3-6 GHZ
SERIAL NO.: SN 19/15 OCPG 71

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144

SN 7,

~ ~

il‘ S =

T e L

f,,,j/’/f\\\\\\\; ACCREDITED
; nmn " Calinration CERT 3224502

Calibration Date: 06/05/2022

Swnmary:

This document presents the method and results from an accredited Dielectric Probe calibration
performed in MVG USA using the LIMESAR test bench. All calibration results are traceable to
national metrology nstitutions.
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SAR DIELECTRIC PROBE CALIBRATION REPORT

Report No.: TCT220921E031

Ref: ACR.138.4.33. . SATUA

Name Function Date Signature
Prepared by : Jéréme LUC Product Manager 06/05/2022 ;ﬁj/
Checked by - Jéréme LUC Product Manager 06/05/2022 ?f;’
Approved by - Kim RUTKOWSKI Quality Manager 06/05/2022 | , ., Auctmsuhs
Customer Name
Distribution - SHENZHEN TCT TESTING
’ TECHNOEOGY €O LTD
Issue Date Modifications
A 06/05/2022 Initial release

Hotline: 400-6611-140

Tel: 86-755-27673339
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This document shall not be reproduced, except in fisll or in part, withour the writsen approval of MVG.
The information contained herein is to be used only for the purpose for which it is submitted and is not to
be released in whole or part without written approval of MVG.
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SAR DIELECTRIC PROBE CALIBRATION REPORT Bef: ACH 138.4.33_SATU A
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SAR DIELECTRIC PROBE CALIBRATION REPORT Rei: ACR 138433 SATU A

1 INTRODUCTION

This document contains a summary of the suggested methods and requirements set forth by the IEEE
1528 and CELVIEC 62209 standards for liguid permittivity measurements and the measurements that
were performed to verify that the product complies with the fore mentioned standards.

F DEVICE UNDER TEST

Device Under Test

Device Tyvpe LIMESAR DIELECTRIC PROBE
Manufacturer MW

Muodel SCLMP

Senal Number SN IS OCPG 71

Product Condition {new / used) Used

A yearly calibration interval is recommended.

3 FRODUCT DESCRIPTION

3.1 GENERAL INFORMATICNMN

MVG's Dielectric Probes are built in accordance o the IEEE 1528 and CENIEC 62209 standards.
The product is designed for use with the LIMESAR test bench only.

Figure 1 — MV LIMESAR Diefeciric Probe
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CELTEC 62208-1 & 2 standards outline techmugques for

dielectric property measurements. The LIMESAR test bench employs one of the methods outlined m
the standards, nsing a contact probe or open-ended coaxial transmission-line probe and veetor
network analyzer. The standards recommend the measureinent of two reference matenals that have
well established and stable dielectric properties to validate the system, one for the calibration and one
for checking the calibration. The LIMESAR test bench uses De-ionized water as the reference for the
calibration and either DS or Methanol as the reference for checking the calibration. The following
measurements were performed to venify that the product complies with the fore mentioned standands.

4.1 LIQUID PERMITTIVITY MEASTUREMENTS

The pernuttivity of a liquid with well established dielectric properties was measured and the
measurement results compared to the values provided in the fore mentioned standards,

5 MEASUREMENT UNCERTAINTY

All uneertainties histed below represent an expanded uncertainty expressed at approxumnately the 95%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides to
Measurement Uncertainty.

3.1 DIELECTRIC PERMITTIVITY MEASUREMENT

The following imcertainties apply to the Dielectric Penmittivity measnrement;

Uncertainty analysis of Permitnivity Measurvement
Unecertainty Probability i Standard
REEOR:UCRCTS value (+.%) | Distribution | TTT s Uncertainty (+-%)
Repeatability {n repeats, mad-hand) 4.00% N i 1 4,000
Deviation from reference lrqnd 5.00% 4 W3 1 2.887%
Metwork analyser-drifi, lseariiy 200 R NEl 1 1.153%
Test-port cable vanabons (1.0 u 2 1 00, (M
Combined standard unceriainty 5.066%
Expanded nncerininty (confidence level of 5%, k = 2) 10.0%%
Uncertainty analysis of Conduetivity Mensurement
E Uncertainty Probability £ Standard
ERROR SOURCES value (+-9%) | Distribution | DV%r b Uncertaluty (+/-%u)
Repeatability {1 repeats, wad-band) 3 %0t N 1 1 3. 500%,
Dieviation from reference luquid 300y R Y3 1 1.T3%
Metwork aealyser-drift. lusearity 2.00%s R 41 i 1.135%
Test-port cable variations 000 u e 1 00
Combined standard nncertainty 4073
Expanded uncertainmy (confidence level of 95%, k= 12) 1%
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6 CALIBRATION MEASUREMENT RESULTS

Measurement Condition

Software LIMESAR
Liguid Temperature 21°C
Lab Terperatire 21°C
Lab Hurmidity 44%

6.1 LIOQUID PERMITTIVITY MEASUREMENT

A ligquid of known charactenstics (methanol at 20°C) 15 measured with the probe and the resulis (complex

permittivity &"+je™) are compared with the well-known theoretical values for this liguid.
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
LIMESAR Test Bench Version 3 NA Validated. Nocal | Validated. No cal
required. required.
Network Analyzer | Rhode g'vs;hwm SN100132 02/2022 02/2023
Validated. No cal Validated. No cal
Methanol CAS 67-56-1 Alpha Aesar LotD13WO011 required. required.
Temperature and
Humidity Sensor Control Company 11-661-9 02/2022 02/2023
Page: 7/7

This document shall not be reproduced, except in full or in part, without the wrinen approval of MVG.
The information contained herein is to be used only for the purpose for which it is submirtsed and is not 10
be released in whole or part without written approval of MVG.
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Appendix D: Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.156.3.15.SATU.A

TCT TESTING INDUSTRIAL PARRK. FUQIAO 5STH INDUSTRIAL

SHENZHEN TONGCE TESTING LAB.
ZONE, FUHAI STREET, BAOAN DISTRICT, SHENZHEN

GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA

COMOSAR REFERENCE DIPOLE
FREQUENCY: 750 MHZ
SERIAL NO.: SN 16/15 DIP 0G750-368

Calibrated at MIVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144

ACCREDITED

AL

Calibration Date: 06/05/2022

Sh"r‘.l‘]'i”ﬂf_'l.'.'

This document presents the method and resulis from an aceredited SAR reference dipole calibration
performed 1 MVG USA using the COMOSAR test bench.  All cahbratnon results are traceable to
natienal metrology mnstimions
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Name Funciion Date Signature
Prepared by : Jérdme LUC Product Manager 06/05/2022 ;j’;&,w;-
Checked by : Jerome LUC Product Manager 06/05/2022 :,:jf$
Approved by - Kim RUTKOWSKI Quality Manager 06/05/2022 | . fucthsndhs

Customer Name

SHENZHEN TONGC

Disrribution : TESTING LAB

Issue Date Modifications
A 06/05/2022 Initial releass
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