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1. Administration Data

1.1 Testing Laboratory

Test Site: CCIC Southern Testing Co., Ltd.

Address: Electronic Testing Building, No. 43 Shahe Road, Xili Street, Nanshan District,
Shenzhen, Guangdong, China

Accreditation: CCIC-SET is a third party testing organization accredited by China National

Accreditation Service for Conformity Assessment (CNAS) according to ISO/IEC
17025. The accreditation certificate number is L1659.

CCIC-SET is a third party testing organization accredited by A2LA
according to ISO/IEC 17025:2017. The accreditation certificate number
is 5721.01

Test Environment
Condition:

Temperature (°C): 21°C
Relative Humidity (%): 60%
Atmospheric Pressure (kPa): 86KPa-106KPa

1.2 List of test Equipment

This table is a complete overview of the SAR measurement equipment. Devices used during the test

described are marked [X.

EQUIPMENT Model Serial number Calibration Date Due Date
|Z SAR Probe SSE2 SN27/15 EPGO348 2020/12/14 2021/12/14
|Z| Dipole SID2450 SN_09/13_DIP2G450-220 2020/06/25 2023/06/24
|:| Dipole SID2600 SN 32/14_DIP2G600-338 2020/06/25 2023/06/24
|:| Dipole SWG5500 SN15/15 WGA39 2020/06/25 2023/06/24
|Z| Multimeter Keithley-2000 4014020 2021/04/02 2022/04/01
|Z| System Simulator(R&S) CMWS500 130805 2021/03/19 2022/03/18
|Z KEYSIGHT E7515A MY56040357 2021/04/02 2022/04/01
|Z Vector Network Analyzer(R&S) ZVB8 A0802530 2021/04/02 2022/04/01
|Z PC 3.5 Fixed Match Calibration Kit ZN-Z32 100571 2020/11/26 2021/11/25
|Z Dielectric Probe Kit SCLMP SN 09/13 OCPG51 2020/11/26 2021/11/25
|Z Signal Generator SMU200A A140801888 2021/03/12 2022/03/11
|Z Amplifier Nucletudes 143060 2021/03/12 2022/03/11
|Z| Directional Coupler DC6180A 305827 2021/03/12 2022/03/11
|Z Power Meter NRP2 A140401673 2021/03/12 2022/03/11
|Z Power Sensor NPR-Z11 1138.3004.02-114072-nq 2021/03/12 2022/03/11
|Z| Power Meter NRVS A0802531 2021/03/12 2022/03/11
|Z Power Sensor NRV-Z4 100069 2021/03/12 2022/03/11
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2. Equipment Under Test (EUT)

Identification of the Equipment under Test

Device type :

portable device

DUT Name:

Thermal Imaging monocular

exposure category:

uncontrolled environment / general population

operating mode(s)

2.4G WI-FI

modulation:

WI-FI(DSSS,0FDM)

Tested frequency range(s)

transmitter frequency range \ receiver frequency range

Wi-Fi:

2412-2462 MHz

Hardware version :

V11

Software version :

V0112

Antenna type :

Integrated antenna

Battery options :

N/A

MAX. SAR Value:

Body-Support: 0.272W/Kg(1g-Omm, Limit:1.6W/Kg)

CCIC-SET/TRF:ISAR(2019-05-23)
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3. Specific Absorption Rate (SAR)

3.1 SAR Introduction

SAR s related to the rate at which energy is absorbed per unit mass in an object exposed to a
radio field. The SAR distribution in a biological body is complicated and is usually carried out by
experimental techniques or numerical modeling. The standard recommends limits for two tiers of
groups, occupational/controlled and general population/uncontrolled, based on a person’s awareness
and ability to exercise control over his or her exposure. In general, occupational/controlled exposure
limits are higher than the limits for general population/uncontrolled.

The SAR definition is the time derivative (rate) of the incremental energy (dW) absorbed by
(dissipated in) an incremental mass (dm) contained in a volume element (dv) of a given density (dp).
The equation description is as below:

. 7 [ r.lr'r t b '|'|Tr k1
SAR= 4(4%) _d /|
dt\ dm | dit] odv ]
SAR is expressed in units of Watts per kilogram (W/kg)
SAR measurement can be either related to the temperature elevation in tissue by

oI
SAR= C—
o
where C is the specific head capacity, o T is the temperature rise and ot the exposure duration, or

related to the electrical field in the tissue by
. T |E |"
SAR =

where ¢ is the conductivity of the tissue, p IS the mass density of the tissue and E is the rms
electrical field strength.

However for evaluating SAR of low power transmitter, electrical field measurement is typically
applied.
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Phantoms

The phantom used for all tests i.e. for both system checks and device testing, was the
twin-headed "SAM Phantom", manufactured by SATIMO. The SAM twin phantom is a fiberglass
shell phantom with 2mm shell thickness (except the ear region, where shell thickness increases to
emm).

System checking was performed using the flat section, whilst Head SAR tests used the left and
right head profile sections. Body SAR testing also used the flat section between the head profiles.

SAM Twin Phantom
Device Holder

The device was placed in the device holder (illustrated below) that is supplied by SATIMO as an
integral part of the COMOSAR test system.

The device holder is designed to cope with the different positions given in the standard. It has
two scales for device rotation (with respect to the body axis) and device inclination (with respect to
the line between the ear reference points). The rotation centers for both scales is the ear reference

Device holder

CCIC-SET/TRF:ISAR(2019-05-23) Page 7 of 47
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3.2 Probe Specification

Construction

Calibration

Frequency

Directivity

Dynamic Range

Dimensions

Application

Frequency

Dimensions

Compatibility
Isotropic E-Field Probe

Symmetrical design with triangular core Interleaved sensors
Built-in shielding against static charges PEEK enclosure material
(resistant to organic solvents, e.g., DGBE)

ISO/IEC 17025 calibration service available.

700 MHz to 3 GHz;
Linearity: £ 0.5 dB (700 MHz to 3 GHz)

+0.25 dB in HSL (rotation around probe axis)
+ 0.5 dB in tissue material (rotation normal to probe axis)

1.5puW/g to 100 mWi/g;
Linearity: £ 0.5 dB

Overall length: 330 mm (Tip: 20 mm)
Tip diameter: 5 mm
Distance from probe tip to dipole centers: <2.7 mm

General dosimetry up to 3 GHz
Dosimetry in strong gradient fields
Compliance tests of mobile phones

700 MHz to 6 GHz;
Linearity: £ 0.5 dB (700 MHz to 6 GHz)

Overall length: 330 mm
Tip diameter: 2.5 mm (Body: 8 mm)
Distance from probe tip to dipole centers: 1 mm

COMOSAR

The isotropic E-Field probe has been fully calibrated and assessed for isotropicity, and boundary
effect within a controlled environment. Depending on the frequency for which the probe is
calibrated the method utilized for calibration will change.

The E-Field probe utilizes a triangular sensor arrangement as detailed in the diagram below:

HIGH-RESISTANCE LINES
i DETECTOR
DIODE .

DIPOLE SENSOR

CCIC-SET/TRF:ISAR(2019-05-23)
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4. Tissue check and recommend Dielectric Parameters

4.1 Recommended Tissue Dielectric Parameters

Tissue
Frequency Real part of the
(MHz) complex relative Conductivity, 6(S/m)
permittivity, &

30 55 0.75
150 52.3 0.76
300 45.3 0.87
450 435 0.87
750 41.9 0.89
835 415 0.9
900 415 0.97
1450 40.5 1.2
1800 40 14
1900 40 14
1950 40 1.4
2000 40 1.4
2100 39.8 1.49
2450 39.2 1.8
2600 39 1.96
3000 38,5 2.4
3500 37.9 2.91
4000 37.4 3.43
4500 36.8 3.94
5000 36.2 4.45
5200 36 4.66
5400 35.8 4.86
5600 355 5.07
5800 35.3 5.27
6000 35.1 5.48
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4.2.liquid check results

Simulate liquid that are used for testing at each frequency, which are made mainly of sugar,
salt and water solutions may be left in the phantoms. Dielectric Performance of Tissue Simulating
Liquid

Dielectric Performance of Tissue Simulating Liquid

Temperature: 22.2°C; Humidity: 64%;

e Conductivity
/ Frequency | Permittivity € (S/m) Y Test Date
2450MHz = — 2021/09/27
Validation value 39.21 1.80
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5. System check procedure

Prior to the assessment, the system validation kit was used to test whether the system was
operating within its specifications of £10%. The validation results are tabulated below. And also the
corresponding SAR plot is attached as well in the SAR plots files.

The following procedure, recommended for performing validation tests using box phantoms is
based on the procedures described in the IEEE standard P1528. Setup according to the setup

diagram below :
EON
Spacer P . X

30 Prabe positioner

"~ Field probe H
.

"“\-\'“"---._A Flat phantom
T ‘“‘I J
Dipole

T Amp
Signal [ W
generator g ]

Lo
pass

With the SG and Amp and with directional coupler in place, set up the source signal at the

relevant frequency and use a power meter to measure the power at the end of the SMA cable that
you intend to connect to the balanced dipole. Adjust the SG to make this, say, 0.01W (10 dBm). If
this level is too high to read directly with the power meter sensor, insert a calibrated attenuator (e.g.
10 or 20 dB) and make a suitable correction to the power meter reading.

Note 1: In this method, the directional coupler is used for monitoring rather than setting the exact feed power level.
If, however, the directional coupler is used for power measurement, you should check the frequency
range and power rating of the coupler and measure the coupling factor (referred to output) at the test
frequency using a VNA.

Note 2: Remember that the use of a 3dB attenuator (as shown in Figure 8.1 of P1528) means that you need an RF
amplifier of 2 times greater power for the same feed power. The other issue is the cable length. You might
get up to 1dB of loss per meter of cable, so the cable length after the coupler needs to be quite short.

Note 3: For the validation testing done using CW signals, most power meters are suitable. However, if you are
measuring the output of a modulated signal from either a signal generator or a handset, you must ensure
that the power meter correctly reads the modulated signals.

CCIC-SET/TRF:ISAR(2019-05-23) Page 11 of 47
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System Check Results

Dut Target value (10-g) Test value Test SAR
Frequency c cli g WK g (10-g> Normalized to Test Date
y (Wikg) (W/Kg) 1W(w/Kg)
0,
2450MHz 1.1 28.76 Wikg+10% 0.2356 23.56 2021/09/27
(21.38~26.14)

*Note: All SAR values are normalized to 1W forward power.
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6. SAR measurement procedure

The SAR test against the head phantom was carried out as follow:

-
Preparation of System )
A
' _‘\
| Operstional Mode |
N ¥
( onfiguration
Vv Conlig
! ! )
T.\/?
( N\
Leﬂ Ri_ght
Cheek 15° tilted

e il
-

-

at center frequency

[ Measurement 6.6.3J

= =

e

“‘x
L 7 All tests of
b S Step 1 done?
NO
~_— YES

Determination of the worst- |
case configuration AND all
| configurations with less than
-3dB of applicable limits

-

Frequency
Lower ~ Upper

| A
{
(Measurement 6.6.3 )

< >
s
Worst-case NO
configuration AND all 2
configurations of less P 4
_—1_ YES

~

than -3dE of applicable
limit tested?

( Determination of maximum :]

Measurement 6.6.3

| Reference Measurement (Step 1) |

'
| Area Scan (Step 2) |
v
z—-| Zoom Scan (Step 3) |
v
| Reference Measurement (Step 4) |
v
\_{ Ii Peak in cube?
NO
Shift YES
cube
center l

All primary and

secondary peaks
NO tested?

Select
ity YES

peak l

~\
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The same procedure should be also executed for the operation mode of the testing Frequency.
The SAR test against the body-worn was carried out as follow:

After an area scan has been done at a fixed distance of 2mm from the surface of the phantom on
the source side, a 3D scan is set up around the location of the maximum spot SAR. First, a point
within the scan area is visited by the probe and a SAR reading taken at the start of testing. At the
end of testing, the probe is returned to the same point and a second reading is taken. Comparison
between these start and end readings enables the power drift during measurement to be assessed.

Above is the scanning procedure flow chart and table from the IEEEp1528 standard. This is the
procedure for which all compliant testing should be carried out to ensure that all variations of the
device position and transmission behavior are tested.

CCIC-SET/TRF:ISAR(2019-05-23) Page 14 of 47
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7. RF Conducted Power

Wi-Fi Maximum Output power(PK)

Mode Lowest Channel Middle Channel Highest Channel
802.11b 14.44 14.98 15.04
802.11g 12.33 12.89 12.93

802.11n20 10.22 10.87 11.08
Tune up Power .
Operation Mode Channel Output i tolerance Max. Tune | Scaling
[Frequency Power(dBm) up(dBm) Factor
(dBm)
1/2412 14.44 145+1.0 15.50 1.276

WIFI 2.4G

14. S+l . 1.127
ANTO 802.11b 712437 98 145+£1.0 15.50
13/2462 15.04 145+£1.0 15.50 1.112

CCIC-SET/TRF:ISAR(2019-05-23)
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Test Results

Results overview of WI-FI 802.11b

Body-worn(omm) Channel s SAR Value Scaled Scaled SAR P-ower Limit | Liquid
[Frequency (W/kg)1-g Factor (W/Kg)1-g drift(%) | (W/kg) | Temp.

Face Side 1/2412 DSSS 0.170 1.276 0.217 3.21 1.6 21.5°C
Face Side 6/2437 DSSS 0.211 1.127 0.238 -2.36 1.6 21.5°C
Face Side 11/2462 DSSS 0.245 1.112 0.272 -3.84 1.6 21.5°C
Back Side 6/2437 DSSS 0.038 1.127 0.043 2.13 1.6 21.5°C
Right Side 6/2437 DSSS 0.101 1.127 0.114 -4.01 1.6 21.5°C
Left Side 6/2437 DSSS 0.068 1.127 0.077 3.33 1.6 21.5°C

Note: 1) The maximum SAR value of each test band is marked bold.
2)The SAR test shall be performed at the high, middle and low frequency channels of each operating
mode. If the SAR measured at mid-band channel for each test configuration is at least 3.0 dB lower
than the SAR limit (< 1 W/kg), testing at the high and low channels is optional, apart from the worst
case configuration.

CCIC-SET/TRF:ISAR(2019-05-23) Page 16 of 47




g

Report No. SET2021-04435

8. Measurement Uncertainty

) o Standard Degree of
) Uncertainty | Probability ) )
No. Uncertainty Component Type o k ci Uncertainty | freedom
Value (%) Distribution %) ui(%) | Vet orvi
Measurement System

1 — Probe Calibration B 5.8 N 1 1 5.8 o0
2 ~ Axial isotropy B 35 R J3 | o0s 1.43 ©
3 - Hemispherical Isotropy B 5.9 R \/§ 0.5 241 0
4 — Boundary Effect B 1 R \/§ 1 0.58 0
5 ~ Linearity B 47 R NER ! 271 o
6 — System Detection Limits B 1.0 R \/§ 1 0.58 0
7 Modulation response B 3 N 1 1 3.00
8 — Readout Electronics B 0.5 N 1 1 0.50 0
9 — Response Time B 14 R \/§ 1 0.81 o0
10 — Integration Time B 3.0 R \/§ 1 1.73 o0
11| —RF Ambient Conditions B 3.0 R J3 1 173 o

— Probe Position Mechanical
12 B 1.4 R 1 0.81 0

tolerance \/§

— Probe Position with respect

13 P B 14 R V3 1 0.81 o0
to Phantom Shell

— Extrapolation, Interpolation

14 | and Integration Algorithms for B 2.3 R \/§ 1 1.33 0
Max. SAR evaluation
Uncertainties of the DUT

15 ~ Position of the DUT A 26 N J3 | 1 26 5
16 ~ Holder of the DUT A 3 N J3 |t 3.0 5

CCIC-SET/TRF:ISAR(2019-05-23)
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— Output Power Variation
17 B 5.0 R

2.89 0
—SAR drift measurement

&

Phantom and Tissue Parameters

— Phantom Uncertainty(shape
18 : yohape | g 4 R V3 1 2.31 o0
and thickness tolerances)

Uncertainty in SAR correction
19 for deviation(in permittivity B 2 N 1 1 2.00

and conductivity)

— Liquid Conductivity Target
20 B 25 R 0.6 1.95 0
—tolerance \/g
— Liquid Conductivit
21 ‘ Y B 4 N J3 | 1 0.92 9
—measurement Uncertainty)
— Liquid Permittivity Target
22 B 2.5 R 0.6 1.95 o
tolerance \/§
— Liquid Permittivit
23 | Y B 5 N V3 1 115 o0
—measurement uncertainty
Combined Standard Uncertainty RSS 10.63
Expanded uncertainty
K=2 21.26

(Confidence interval of 95 %)

CCIC-SET/TRF:ISAR(2019-05-23) Page 18 of 47
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System Check Uncertainty

) . Standard Degree of
) Uncertainty | Probability ) )
No. Uncertainty Component Type S k ci Uncertainty | freedom
Value (%) Distribution (%) Ui(%) | Veff orvi
0 0
Measurement System
1 — Probe Calibration B 58 N 1 1 5.8 0
2 — Axial isotropy B 35 R \/§ 05 1.43 o
3 - Hemispherical Isotropy B 59 R \/§ 0.5 241 0
4 — Boundary Effect B 1 R \/g 1 0.58 o0
5 ~ Linearity B 47 R NER ! 2.71 %
6 — System Detection Limits B 1 R \/g 1 0.58 0
7 Modulation response B 0 N 1 1 0.00
8 — Readout Electronics B 0.5 N 1 1 0.50 0
9 — Response Time B 0.00 R \/g 1 0.00 0
10 ~ Integration Time B 14 R J3 1 0.81 o
11 |  —RF Ambient Conditions | B 3.0 R J3 |t 173 o
— Probe Position Mechanical
12 B 14 R 1 0.81 0
tolerance \/g
— Probe Position with respect to
13 B 14 R 1 0.81 0
Phantom Shell \/g
— Extrapolation, Interpolation
14 | and Integration Algorithms for B 2.3 R \/g 1 1.33 o0
Max. SAR evaluation
Uncertainties of the DUT
Deviation of experimental
15 . A 4 N 1 1 4.00 5
source from numberical source
Input Power and SAR drift
16 A 5 R 1 2.89 5
measurement \/g
17 | Dipole Axis to Liquid Distance B 2 R \/§ 1 1.2 0

CCIC-SET/TRF:ISAR(2019-05-23)
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Phantom and Tissue Parameters

— Phantom Uncertainty(shape
18 yohepe | g 4 R NER ! 2.31 %
and thickness tolerances)
Uncertainty in SAR correction
19 | for deviation(in permittivity and B 2 N 1 1 2.00
conductivity)
— Liquid Conductivity Target
20 B 2.5 R 0.6 1.95 0
—tolerance \/g
— Liquid Conductivit
21 | Y B 4 N J3 | 1 0.92 9
—measurement Uncertainty)
— Liquid Permittivity Target
22 B 2.5 R 0.6 1.95 '
tolerance \/g
— Liquid Permittivit
23 ‘ Y B 5 N V3 1 115 o0
—measurement uncertainty
Combined Standard Uncertainty RSS 10.15
Expanded uncertainty
) ] K=2 20.29
(Confidence interval of 95 %)
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ANNEXA: SAR Test Setup
Photo 1: Measurement System SATIMO Photo 2: Liquid deep(15cm)

Photo 3: Back side Omm Photo 4: Left Side Omm

EUT Back View EUT face View

CCIC-SET/TRF:ISAR(2019-05-23) Page 21 of 47
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ANNEX B: System Check Plots
System Performance Check (2450MHz)

Type: Phone measurement

Area scan resolution: dx=8mm,dy=8mm

Zoom scan resolution: dx=5mm, dy=5mm, dz=4mm
Date of measurement: 09/27/2020

Measurement duration: 22 minutes 08 seconds

A. Experimental conditions.

Band SAR

Phantom File dx=8mm dy=8mm
Phantom 7x7x8,dx=5mm dy=5mm dz=4mm
Device Position Dipole
Band 2450MHz
Channels
Signal Cw
B. SAR Measurement Results
E-Field Probe SATIMO SN _41/18 EPG0334
Frequency (MHz) 2450
Relative permittivity (real part) 39.21
Relative permittivity 13.22
Conductivity (S/m) 1.80
Power Drift (%0) 0.96
Ambient Temperature: 22.1°C
Liquid Temperature: 22.6°C
ConvF: 1.97
Duty factor: 1:1
SURFACE SAR VOLUME SAR

150+

120]

0.26513
0.233071

Z-Cuts Control.

—————

Fio X @) [Z 1 (n)

Colers Seale et

120-]

0.238715
0.262729

s
. “ qﬁ
<]

-150-1
-150

Maximum location: X=-12.00, Y=2.00
SAR Peak: 0.94 W/kg

SAR 10g (W/Kg)

0.235583

SAR1g (W/Kg)

0.496115
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Z (mm) 0.00 4.00 8.00 12.00 16.00
SAR (W/KQg) 0.9394 0.5506 0.3146 0.1811 0.1086
0.9-
0.8 N
Woe
E N
Mo04 P
@ ~N
H"'\...
0.z =
|:|.1—| I|.h“.‘l“-h--m-.
ooz B & 10 12 14 1B 20 22

Z (mm)

3D screen shot

Hot spot position
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ANNEX C: SAR Test Plots

Testing result (WI-FI 802.11b, Face, high,0mm)

Type: Phone measurement
Date of measurement: 09/27/2020

Measurement duration: 22 minutes 06 seconds

Mobile Phone IMEI number: --
A. Experimental conditions.

Area Scan dx=8mm dy=8mm
ZoomScan 5x5x7,dx=8mm dy=8mm dz=5mm
Phantom Validation plane
Device Position Body
Band WI-FI 802.11b
Channels high
Signal DSSS (Duty cycle: 1:1)
B. SAR Measurement Results
Frequency (MHz) 2462
Relative permittivity (real part) 39.23
Relative permittivity (imaginary part) 13.37
Conductivity (S/m) 1.82
Variation (%0) -3.84
SURFACE SAR VOLUME SAR

Colors Seale

0. 148639
0, 131091
0. 115543

Z-Cats Contrel

Fio X Gn) 22 Y (mm)

Colors Seale
hflig)

0. 152404
0. 1368845
0. 170888

Maximum location: X=-10.00,Y=-39.00

SAR Peak: 0.44W/kg

SAR 10g (W/Kg)

0.127489

SAR1g (W/Kg)

0.244515
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Z (mm) 0.00 4.00 8.00 12.00 16.00
SAR (W/Kg) | 0.6915 0.2627 0.1337 0.0952 0.0556
0.7T-

SAE MHikg)
o
1

0.1- \r-.q_

0.o- I 1

0 z2 4 5] g 10 12 14 16 18 20 22 24
Z imm)

3D screen shot Hot spot position
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ANNEX D: Calibration Certificate

EPGO261 Probe Calibration Report

COMOSAR E-Field Probe Calibration Report

Ref : ACR.349.1. 20 MVGB.A

CCIC SOUTHERN TESTING CO.,LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI STREET, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA

MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 36/20 EPGO348

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

Calibration date: 12/14/2020
avie,  cofrac

i
o
-

L]

Al FTALONNAGE

Accrednmions #2-6789 and #2-6814
Scope availshle on www.colimcfr

Seemmary:

This document presents the method and resulis from an aceredited COMOSAR E-Field Probe
calibration performed at MY G, using the CALIPROBE test bench, for use with a MYVG COMOSAR
system only. The test resulis covered by accreditation are traceable to the International System of

Units {51).

Page: IA0
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COMOSAR E-FIELD PROBE CALIERATION REPORT Bef: ACR 348 L2LMVGE.A

Name Function Dhate Sigralire
Prepared by : Jérbme LUC Technical Manager 12142020 :—j:f
Checked by : Jérdme LUC Technical Manager | 12/14/2020 P
Approved by - Yann Toutain Laboratory Director 121572020 éfm TRl
o
U 20200020
512:2645
+01'00¢
Customer Name
CCIC SOUTHERN
Distribuion : TESTING CO..
LTD
Issue Name Diate Maodifications
A Jérbme LUC 12142020 Initial release
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACRS0L20MVGE.A
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Baf ACR 34010 MVGE.A
1 DEVICE UNDER TEST
Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Muodel SSE2
Serial Number SN 3620 EPGO348
Product Condition (new [/ used) MNew
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.214 M2

Dipole 2: R2=0_208 M£L2

Dipole 3: R3=0.238 M£Q

2 PRODUCT DESCRIFTION

21 GENERAL INFORMATION

MVG's COMOSAR E field Probes are built in accordance to the IEEE 1528, FCC KDB&65664
D01, CENELEC EN62209 and CEIIEC 62209 standards.

Figure 1 — MVG COMOSAR Dosimeiric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 2 mm
Maximum external diameter E mm
Probe Tip Exiernal Diameter 2.5 mm
Distance hetween dipoles / probe extremity | 1 mm

3 MEASUREMENT METHOD

The [EEE 1528, FCC KDEEGS664 D01, CENELEC EN62209 and CEVIEC 62209 siandards 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 0.001W/ke o 100W kg,

Page: #/10
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Raf: ACR340. L2MVGE.A

32 SENSITIVITY

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) vsing wavegnides 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 limit is 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 flat phantom in the test configuration suggested for sysiem
validations and checks. The probe was rotated along its main axis from O to 360 degrees in 13-
degree steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box
filled with tissue-equivalent liguid, with the plastic box illuominated 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°—3607).

3.1 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liguid when the probe is oriented normal to the interface. To evaluate this
effect, the liquid filled flar 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 formila based on linear and exponential extrapolations between the surface and o, +
tlyep Along lines that are approximately normal to the surface:

i (End‘...-wm)

SAR ey [6]- B4R, (‘*m;w el B e

am ofz

where

Smmemtn:y is the uncertainty in percent of the probe boundary effect

dhe is the distance between the surface and the closest zowm-scan measurement
point, in millimetre

Astep 15 the separation distance between the first and second measurement points that
are closest o the phantom surface, in millimetre, assuning the boundary effect
at the second location is negligible

] is the minimum penetration depth in millimetres of the head tissue-equivalent
liguids defined in this standard, ie., &= 14 mm at 3 GHz;

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

distance dpe from the boundary. and the analytical SAR value.
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COMOSAR E-FIELD PROBE CALIERATION REPORT Bef: ACEL39. L NLMVGE.A

The measured worst case boundary effect SARuncerainty[%] for scanning distances larger than
Jmm is 1.0% Limit 29

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 63 Bulletin C, CENELEC EN50361 and CENIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration wsing the waveguide technique. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 95% confidence level using a coverage factor
of k=2. raceable to the Internationally Accepled Guides to Measurement Uncertainty.

Unecertainty analvsis of the probe calibration in waveguide

Probability
Distri buthon

Standard
Uncertainty (%)

Uncertainty

ERROR SOURCES value (%)

Divisor el

Expanded uncertabnty

05 % confidence level kw2 14 %

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liguid Temperature 20+/-1°C
Lab Temperature 0+-1°C
Lab Humidity 30-B0 %
5.1 SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
L (VA | 2 (uVAVIimY) | 3 (uVAVIim))
045 (.66 091
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV}) {mWV)

104 105 108

Calibration curves ei=f('V) {i=1.2.3) allow to obtain E-field value using the formula:

E= ,Il'Ef +EF+E}
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Bef: ACE 3491 2086V GH. A

-

T =

Calibration curves
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e
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52 LINEARITY
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Lineanty:+/-1.46% (+/-0.06dB)
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COMOSAR E-FIELD FROBE CALIERATION REPORT Ref ACRAAG 1 DMVGH.A

5.3 SENSITIVITY IN LIOUID

Ligquid Freguency ConvF
(MHz -+~
100MHz)
HIL&00 ) 1.81
HLTS0 750 1.83
HL&13 835 1.93
HILS00 QO 1.96
HL1 5060 1506 221
HL1750 1750 222
HL 1 8iW) 1 80 217
HL1'9(x) 15y 40
HL2{WW 200 243
HL2300 2300 236
HL2450 2450 240
HIL26{0) R 29
HL33060 3306 2.28
HL3SW0 35000 216
HL3 T 3700 219
HL3%(x) L] X354
HL4 W) 42060 2 86
HLA&M) Ay 277
HLA%() 490 263
HL32W) 5200 201
HLS4W) 54000 204
HL56) S I8
HLS 8 SR 207

LOWER DETECTION LIMIT: 9mW/kg
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54 [SOTROPY
HL 18 MHz

Isisliopy cuve

Ty +41 TF% [+-D 0380
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipmernt Manufacturer / No Current Next Calibration
Identification No.
Drescription Model Calibration Date Drate
Flat Phantom MVG GN-20/op-SAN [[rome. oG  VeRcaled. Mo e
required. requirad.
COMOSAR Test Bench Varsion 3 NA vakdated. Nocal  Nelidaled.  No ca
required. requirad.
Metwork Analyzer thdag‘uﬁf"“m 100203 0512019 05/2022
Metwork Analyzer — | Rohde & Schwarz
Calibration kit ZV-7235 101 052019 2022
Multimeter Keithlay 2000 1160271 02/2020 02/2023
Signal Genearator H““"ES&MSI;"”“ 106589 04420139 D4/2022

Characterized prior fo |Characterized prior to

Ampither Aotharcomm a0 test. Mo cal required. [test. Mo cal reguired.
Power Meter NI-USB 5680 170100013 05/2019 052022
- . Characterized prior 1o [Characterized prior to
fhrectional Coupler | Nanda 4216-20 01396 test. Mo cal required. |test. Mo cal reguired.
. . Malidated. Mo cal Malidated. No cal
Waveguida Mega Industries | DB9Y7-158-13-712 tequired. equired.
z ki ; WMalidated. Mo cal Walidated. No cal
Waveguide Transition Mega Industries | 0BSY7-158-13-701 equired. Fequired.
; P : Malidated. Mo cal Malidated. No cal
[Waveguide Termination| Mega Industries | 069Y7-158-13-701 oquired. Fequired.
Temperature f Humidlty)  rogiy 184 H1 44220687 0542020 05/2023

Sensor

Page: 10710

Femyrlmie _ACK NN, YV MVGEISSUE_COMOSAR Probe vid
Tl owrwweener shal! mow be reprodiced, exceps i fll ov e pan, witkow the wrinen approval of MV The ifrmanon comimed Serein i 5 be pord
vy o e purpnse for wikkolh ie s suboirad and (5 ot ke be releared i whale or parr uithom wrlimes s of WG

CCIC-SET/TRF:ISAR(2019-05-23) Page 36 of 47




)

)
\-/ Report No. SET2021-04435

SID2450 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.178.8.20.MVGB.A

CCIC SOUTHERN TESTING CO., LTD
ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI STREET, NANSHAN DISTRICT
SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: 5N 09/13 DIP2G450-220

Calibrated at MVG MVG
Z.L de la pointe do diable
Technopile Brest Iroise — 295 avenue Alexis de Rochon

29280 PLOUZANE - FRANCE

Calibration date: 06/25/2020
iy, cofrae

o
o
= o -1

;I et gl

ETALOHMAGE

Auzereditations AT-5T80 and f1-6E14
Sioge Bvailable aof s sodnd.

e

This document presents the melbod and results from 2n accredited 3AR reference dipode calfbration
perfomeed in MVEG using the COMOSAR test bench.  All calibration resalits ane traceshle 1o
naltaral metrelogy insbhdions
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SAH REFEREXCE DNPFOLE CALIBRATION REPDRT Ref: AR 175.B20MVGE.A
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YAK REFERESCE MPOLE CALIRRATION REFODRT Bel: ACR 178800 MNVGE A

1 INTRODUCTION

This document contains a summary of the requircments set forth by the 1EEE 1528, FCC KDEBEs and
CEVIEC 62209 standurds for reference dipoles used for AR 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 DHPOLE
Manufacturer MVG
Model SID2A50
Sertil Number SN 0013 DIP2G450-220
Product Condition {new / used) 1lgied |

3 PFRODUCT DESCRIPTION

1.1 GENERAL INFORMATION

MWVGE s COMOSAR Validation Dipoles are built in sccordance to the [EEE 1328, FOC KDBs and
CEVIEC 6220% standards. The prodeet is designed for use with the COMOSAR test bench only.

Figure 1 — M¥FG COMOSAR Validation Dipele
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SAR REFERENCE DIPOLE CALIERATION REFORT Bef: ACR | 783 1LMVGEA

4 MEASUREMENT METHOD
The IEEE 1528, FOU KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles uwsed for svstem validation measurements. The following measurements were performed 1o
verify that the product complies with the tore mentioned stundurds.

4,1 RETLURM LOSE REOUIREMENTS

The dipole used for SAR svstem vabidation measurements and checks must have a refum loss of -20
dB or befter.  The return loss measurement shall be perfermed aganst a hiquid filled flat phaniom,
with the phantom constructed as outlhined in the fore mentioned standards, A direct method iz used
with a network analvser and its calibration kit, both with a valid ISO17025 calibration,

42 MECHAMICAL REQUIREMENTS

The IEEE Sid. 1328 and CELVIEC 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 a8 2 mm phantom shell thickness therefore the
dipoles sold for vse with the COMOSAR fest bench comply with the requirements sct forth fora 2
mum phantom shell thickness. A direct method is vsed with a 15001 7025 calibrated caliper.

L MEASUREMENT UNCERTAINTY

All vncertanties 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
MMeasurement Uncarlainty,

5.1 RETURN LC¥SS

The follewing uncertainties apply to the return loss measurerment:

Frequency hand | Expanded Uncertainty on Return Loss

“400-6000MHz | 0.08 LIN

52 DIMENSION MEASUREMENT

The following uncertginties apply to the dimension measurcments:

Length {mm) Expanded Uncertalnty on I.eﬁﬂf 1
0 - 300 (.20 mm
300 - 450 0.44 mm ' ) |

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EM50361 and CEFIEC 62200
standards were followed to generate the measurement uncertainty for validation measurcments,

Scan Voelume Expanded Uncertainty |
I__ ]
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I g 19 % (SAR)

| g 1% % (BAR)

&  CALIERATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDAMCE TM HEAT LIQLUITD

Eregussiny. Mip
o) Jmy NN Na Bl:l-ﬂ B0 JED D0 2320 E!q?ﬂ

Frequency (MHz) Return Loss (dB) Requirement (di) Impedance
2450 3261 20 | s230+03i0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequaccy, MH:
33 HI0 MM 3 E0 M3 N0 MM

L 4B

| Frequency (MHz) | Return Loss (dB) | Requirement (dB) | Impedance
2450 21407 | -2 55.6 01 - 0.4 j(2

6.3 MECHANICAL DIMENSIONS

Fregaenty MH: Lmm | b mem d mm

Feduired | measured | required |_ et e requeired mieasured

Frege: 671

v i Pl ST N i

fnig ERIEEY. FEMWPQMA TSN E S48 A i | ]

Tt ahdvwnda’ shall nea B ripeoduced, cocepd oo ) o e pard, sathosy the woribew spproral o PG The inomotior coatauned e i e by uned
anly for the purpdds e wfioh & & mboriiiad and S caf s by oeleoned i woledic o pand wilkoat wanim agproval ot WEG
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w0 4200 £1 %. I T aseoux 65 41 %,
[ e 2800 21 %, | wsaax | 1%,
T BT 00 41 %. 6,35 +1%.
835 Wios % | BO.6 1%, 1611%
A 1480415 T s T
1450 E511% 51.7 1% 1611 %
1500 05 1 % SO0 1 K. 1621 %
1640 TR 21 % S5 T+l W 1621 .
| 1750 TRzl R 472 4] E ERE SR
: ;.-5':':' 72021 % G017 £1 T 3.{::] .
1900 BHA 21 M. 5.5 31 %. o LEESE N
PR ;;:I-t' bBb.3 21 %, E -H-H-«:E 11_'|‘E -;fl ¥1h.
2060 | samaw | | wsas 16 21 %,
2400 B1O81%, - 35,7 £1 %, 1611 %
2300 e 32621%. 611
2450 $15 11 %, ) 30421 %, - 3611 %
2600 AE5 1%, 2BE 1% 3611%
3000 415 11 %, 5.0+ % 161K
3500 1%, At 3621 %,
a0 34741 5 e 1] H 36 £1 K.

T VALIDATION MEASUREMENT

The IEEE Sid, 1528, FOCC KDBs and CEVIEC 62200 standards state that the system walidation
measurements must be performed uzing a reference dipole mecting the tore mentioned retum loss
and mechanical dimension requirements.  The validation measurcment must be performed against o
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Fer 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 tflat phantom, with the top surface of the
dipale at the described distanee from the hottom surtace of the phantom.

71 HEAD LIQUID MEASUREMENT
I‘-1. He ¥ Relative pemmittivity (2] Conductivity (o) 5f/m
required measured resquired measured
=00 45.3 210 % DAY £10%
450 43.5110% GEP £10%
750 41.3210% (LEG 410 %
2315 41.5210% EEHE Sk
G 415210 % 007 210 %
1450 405 10 % 1200 %
11| 404 +i0H 123 ID%
1640 407 +10% 131 £10'%
FPrge: 71
Vewrpdory ACRIVL N FEHPGRIAYTE_ VAR Refevence Dygndy o

P dorwasAr ey or & reredaoed. Encast I o Do v wviko e etk mml’ql" W HL- oy rotalend heren i be e wred
oy Fov T parpore For Wil v 0 spbanimed and A oot e Be redpared f vl o pand wdtkosy' wevitem approval af HFG
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Ral: AR E 20 M VGRLA

1750 Ak 410% 137 410%
| 1800 A0 105 14010
i 1200 4040 210 % 140 £10 %
1550 0.0 210 % 140£10% |
2000 A0l H 140 £10 % |
2100 DEIDE 14510 %
230 95 :10% LET+10%
2350 352 10 % &13 1.80 10 % 155
2600 5.0 +10 L1896 £10%
--BE:II:I 38.5 410 % 2.0 210°%
35':".'!_ 37,9410 % 233.:10!6

7.2 BAR MEASUREMENT RESULT WITH HEATD LIQUID

The IEEE Sud. 1528 and CELIEC 62209 standards state that the system validation measurements
should produce the SAE walues shown below (for phantom thickness of 2 mm), within the
uncertanty for the syslem validation,  All BAE valves are nommabized to 1 W forward power. In
bracket, the measured SAR is given with the wsed input power,

Sofrware CIFEMSAR V3

Fhsmtom R 3N 13409 EAMGE

Prohe S 21018 EPGOEES

Ligund Head Liqusd Yalues: eps” - 419 sipma @ 18R

Distance between dipale cenzer and ]ir.!:lid

14,0 men

Adea sean resolwlion

A= it dyv=Eiran

Zann S<an Resolution

dor=Sminm‘dy=S5mm/dz=S5mm:

Frequency 2450 MHz
| Inpul prwer e
Liquid Temperaiure A+
Lals Tenperanse 204 17T
Labk Humidity - %
F""r;";‘::"" 1L SAR (W kW) 10§ SAR {1 g W] I
> = required measangd required I maasured
G .85 1.04
450 4.58 308
750 8.48 555
835 9.56 532
E1 144 555
 1a8 o) 18
1500 s 164
1540 343 18.4
[ o 364 13 | |
Prge: &4
Templare_ AR O FEMPGRIENDE 508 Roferenie Sipdr vl

Thir devimend aball aed fe reproduca, e (o fu! ar o pev aidow e wrives gpereal o WIE The infrmaion conmed darels (2 fo de s
smiy far dhe pumpese for wibied U dr mbawied asd e por i e redeared da vty o paed wldhent avinen aeproved ol MG,
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1500 364 01
1500 w7 05
1950 405 209
2000 411 1.1
2100 436 219
2300 487 233
2450 234 53.71{5.537] 24 24.17{2.43}
2600 25.3 4.5
3004 £3.8 5.7
EL ] B7.1 5 |
3700 | [ ] i e |
\ r e
t E
\ 5
3 | —
[ ¥4 m:'
: ;o
frems 1 amd 3
E +E0 \" =
e T :-:_J.El_z 1A B
=i
T3 oDy LU MEASUREMEMNT
"':1"::""" Relative permitthity (o'} Canductaity fo) §/m
reguined e resd required e nid
150 LA 210% QEIID % .'_--_-_.
aco S5B.2210% U'E'.E-:E‘-?;_
450 56.7 £1D }i. =Jfrz e 054 210%
750 onn 10 % 09 £10%
835 552 410% 097 10 %
400 S50 410 % 1.05 £10 %
a15 S50 £10% 1.06 £10 %
1450 4 0x10% 130410 %
1510 | S532:10% 1.0 410%
1800 saas0% | 000 1,52 410 %
T 1am 53,3 110% 152210% |
2000 53,3 10 % 152210 %
Fi00 B33 10% 1622104
Page: Wi
.'_.1.. i A ERTHE A T MG AAYE L SAN Hefaremea |'|.I--\. e el

Thir dncsvpend sbai¥ and be repepaucedl, eroepi dn il or da pand, withont e wiiee i o MFGL The igfarmaion donkiiiad Besedd IF io e ased
gl K e pumnear G waick 0 i sshmitiea’ ana! i o fo e nelnaned’ e ol o par il ety saivora o MPG
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Rel: ACHR 17ER 20 MVGH.A

3300 52.0+10% 1E1+10%
3450 52.7+10% 534 195 105 2.14
FE00 53.5=10% IEEI0%
3000 520210% ETI:0% |
500 51.3+1D% 3131 410%
a7 510+10% 355 +10%
5200 450+10% 5.30+10%
5300 425 410% 5.02210%
T | wraes | | ssmon
s500 | ampan% sess% |
5600 48,5110 % ITEILE | B
SR a2 =10 % GO0 210 % 1 |

T4 SAR MEASUREMENT RESULT WITH BODY LIOLID

Software CPENSAR WS

Framtom AN 1109 SAMGH

Probe SMALE EPGOAS

Liguaid Body Liguid Valiwes: epa” @ 534 sipema - 2.14

| Dristance hetween dipede center and liquid

10 mm

Aren scan reselution

dx=#mpdv=Rinm

Logm Scan Resololion

G Smm/dhy—Sram e Smm

Fraquency B 2450 MHz
[npal g | 20 dBm
Laquid Temperavare 20 +05 1=
Lak Temperaiure 20+-1°C
Lab Humidity J0.70 %
| Freque
< 16 SA8 (W/ke W) 30 £ SAR [W/ke/W)
measured messured
2880 50,83 {548 3,55 (23]
* := ]
.uq [ Bl

1 - |

i TR

P i ‘ﬂh

Er g

Ak =

iy Tt s
-] L L oo T K
I F
Prege: 104
femplare ACK DO Y FTVGEISNUE NAR Rejerence INpsle vl

Thes diwamami diall mid b rprodueed), cxcrpd in full ar fo peer, withow? te writien gppreval ol MPG, The informatior coavaiard heness e o b anapd
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Bell AURITHAINMVYGE A

LIST OF EQUIPMENT

Equipment Summary Sheet

Sensor

Equipment Manufacturer / e i Current MNext Calibration
Description Model,  [aemtification Mool oo ion Thate Date
. validated. Nocal  Malidated. Mo ca
. SAM F'Enunm MVG EN-1308-5AMER Fequired, equirad, I
leonosar Test Banch Version 3 Ny Malidated, Mocal  Malidated. Mo cal
requings, _'uqmr&d.
Network Analyzer | Ond8 2 Bchwarz 100203 0512010 0si20z2
MNetwork Analyzer— | Rohde & Schwerz
| ™ Caiibration kit sy 101223 0512018 052022
Calipers Mitutoye SM (008732 1002019 1222
Rederance Frobe MYE EPGO33E SN 4118 Q52020 BT ey
Mudtimeler keeithley 2000 11602 T O2iEen 022023
Signal Generatar H“"das""m?”'"“"" 106549 04r2018 04,2022
i Characterized prigr io | Characlerized prior to
okl RETH SO Jtest ol required. |lost. No cal require
Fawer Meler MI-LISE SE8 P03 20189 05022
R Characterized prior to |Charactenzed prior 1o
Direchorial Coupler Manda 4216-20 i tasi. Mo cal required. [iest. Mo cal reguired.
Temperatura ! Humdity| o000t Company 150798632 11127 1142020

(RO YO | VA TR
Thi'r darveemi ol and e meprodaed. cnoaer 4 00 s i S winksnl the wrillak gamvonal of MG The

Page: 11T

LR O A R

54

B Beferewne Nps

'} g
Briftvroalio

1 carhiindd hivin & ks i aoed

g ler e parpore for WA v (5 swhmived avd 15 Ao ro 08 relamiod 3 wlole 0F BT mitBaia! weitton daieresnal g WFG.

—End of the Report—
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