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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

measuremenis that were performed to verify thai the product compiies with the fore meniioned
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2 DEVICE UNDER TEST
Device Under Test
Neaviee Tyvme COMOQSAR S000-000 MH: “FERENCE WAVEGUIDE
1,CVICC 1 YPC LAAVIIS ALK DUVD-0OUVY MINZ RN ERIINC D AVDaULN
annfactiirer AN (3
AVAUIIUVLUNLUIL VL AVL ¥ D
AMadal W (S50N
ViU S VY AU
Carial Niumhar CMN 18118 WS ATIO
Slids SN UITIOTT LN L L YV AJIAT
Deadist Manditian (mew [ neadl Tlcad
I IUGULL WUTIUIUULL (IICW 7 ustlug wavil
3 PRODUCT DESCRIPTION
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2.1 UCLNERAL INPURKIVIA LIVIN
MVG's COMOSAR Validation Waveguides are built in accordance to the IEEE 1528 and CEVIEC
62209 standards.
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4.1 RETURN LOSS REQUIREMENTS
™ , 1 O OATY " I e t have a return loss of
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open end of the wavcguldc, with the wavcguidc 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.

4.2 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 | 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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The following uncertainties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN
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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 CEI/IEC 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
5300 5400 5500 5600 5500

S11.d8
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Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -9.80 -8 22.19Q +10.27 jQ
5400 -11.30 -8 75.26 Q +2.27 Q)
5600 -14.62 -8 34.93 Q-10.02 iQ
5800 -13.85 -8 5511 Q+19.16 10
6.2 RETU

S11.dB

Frequency (MiHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -9.32 -8 20.88 {2+ 10.83 Q2
5400 -10.98 -8 76.16 2 - 0.57 i
5600 -13.52 -8 31.86 Q2-9.17iQ2
5800 -13.05 -8 57.79 Q + 20.13 jQ
6.3 MECHANICAL DIMENSIONS
Frequency L (mm) W (mm) Lt (mm) Wi (mm)
(MHz) Required | Measured | Required | Measured | Required | Measured | Required | Measured
5800 4039 + 20019+ R1.03 = 61.98 =
? 0.13 . 0.13 ) 0.13 i 0.13 r
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Matching layer

Figure 1: Validation Waveguide Dimensions

7 VALIDATION MEASUREMENT

The IEEE Std. 1528 and CEI/IEC 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

Fre:duHezncy Relative permittivity (&) Conductivity (o) 5/m
required measured required measured

5000 36.2 +10% 4,45 +10 %
5100 36.1+10% 4.56£10%
5200 36.0 +10 % 34.60 4.66 10 % 4.55
5300 35.9+10% 4.76 10 %
5400 35.8+10% 34.02 4.86 +10 % 4.88
5500 35.6+10% 4,97 £10%
5600 35.5+10% 33.46 5.07 +10 % 5.25
5700 35.410% 5.17 +10 %
5800 353+10% 32.78 5.27 10 % 5.64
5900 35.2+10% 5.38+10%
6000 35.1+10% 5.48 10 %

7.2 SAR MEASUREMENT 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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Software OPENSAR V5
Phantom SN 13/09 SAM68
Probe SN 41/18 EPG0333
Liquid Head Liquid Values 5200 MHz: eps' :34.60 sigma : 4.55
Head Liquid Values 5400 MHz: eps' :34.02 sigma : 4.88
Head Liquid Values 5600 MHz: eps' :33.46 sigma : 5.25
Head Liquid Values 5800 MHz: eps' :32.78 sigma : 5.64
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 204/-1°C
Lab Humidity 30-70 %
Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
required measured required measured
5200 159.00 151.11 (15.11) 56.90 54.03 (5.40)
5400 166.40 159.92 (15.99) 58.43 56.78 (5.68)
5600 173.80 165.99 (16.60) 59.97 58.35 (5.83)
5800 181.20 176.86 (17.69) 61.50 61.84 (6.18)
SAR MEASUREMENT PLOTS @ 5200 MHz
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SAR MEASUREMENT PLOTS @ 5400 MHz
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7.3 BODY LIQUID MEASUREMENT
Fre;‘:f:w Relative permittivity (&) Conductivity (o) 5/m
required measured required measured

5200 49.0 +10 % 45.25 5.3010% 5.42
5300 489110 % 542 £10 %
5400 48.7 110 % 45.09 5531+10% 5.80
5500 48.6 +10 % 5.65+10 %
5600 485 +10% 44.84 5.77 10 % 6.20
5800 48210 % 44.59 6.00 £10 % 6.56

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V5
Phantom SN 13/09 SAM68
Probe SN 41/18 EPGO333
Liquid Body Liquid Values 5200 MHz: eps' :45.25 sigma : 5.42
Body Liquid Values 5400 MHz: eps' :145.09 sigma : 5.80
Body Liquid Values 5600 MHz: eps' :44.84 sigma : 6.20
Body Liquid Values 5800 MHz: eps' :44.59 sigma : 6.56
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 150.13 (15.01) 55.47 (5.55)
5400 152.16 (15.22) 55.69 (5.57)
5600 154.92 (15.49) 56.02 (5.60)
5800 158.10 (15.81) 54.64 (5.46)

Templare
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BODY SAR MEASUREMENT PLOTS @ 5200 MHz
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BODY SAR MEASUREMENT PLOTS @ 5800 MHz

W

10
e
11

B W00
&
2 LN
100-} N
21+ S~
: 4 0012 14 % 18 X 2 M

Z o)

Templar

FPage: 12/13

ICR.DDDN. YY.MVGE.ISSUL SAR Reference Waveguide vQ
This document shall not be reproduced, except in full or in part, without the written 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.



=

Report No. SET2020-10316

Ref: ACR.178.10.20 MVGB.A

mvG

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT

8

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
Validated. No cal Validated. No cal
Flat Phantom MVG SN-13/09-SAMGE8 required. required.
. Validated. No cal Validated. No cal|
COMOSAR Test Bench Version 3 NA required. required.
Network Analyzer | Rohde & Schwarz 100203 05/2019 05/2022
Network Analyzer — | Rohde & Schwarz
Calibration kit 7V.7235 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 & Sohwarz 106589 04/2019 04/2022
. Characterized prior to |Characterized prior to
Amplifier ABthercHmn sl 046 test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 05/2019 05/2022
i _ Characterized prior to |Characterized prior to
Direcional Coupler Narda 4216-20 01356 test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 150798832 11/2017 11/2020
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