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1.

General Product Information
1.1. EUT description

Product Name: Laptop
Model : A10, B10, C10, D10, E10, F10, A14, B14, C14, D14, E14, F14
Trade Mark: N/A
Power Supply: Rechargeable Battery Rated Voltage 7.6V

Wi-Fi 2.4G
Supported type: 802.11b/802.119/802.11n
Modulation: 802.110: DSSS

802.119/802.11n:OFDM

Operation frequency: 802.11b/802.119/802.11n(HT20/HT40):2412MHz~2472MHz;
Channel number: 802.11b/802.119/802.11n(HT20/HT40):11
Channel separation: 5MHz

Bluetooth
Bluetooth Version: Supported 5.0
Modulation: GFSK(1Mbps) , /4-DQPSK(2Mbps) , 8-DPSK(3Mbps)
Operation frequency: 2402MHz~2480MHz
Channel number: 79/40
Channel separation: 1MHz/2MHz

1.2. Model(s) list
No. Model No. Tested with
1 A10, B10, C10, D10, E10, F10, Al4, B14, C14, D14, E14, F14 X
Other models N/A []

Note: A10, B10, C10, D10, E10, F10, A14, B14, C14, D14, E14, F14 is tested model, other models are derivative models. The
models are identical in circuit and PCB layout, only different on the model names. So the test data of A10, B10, C10,
D10, E10, F10, Al4, B14, C14, D14, E14, F14 can represent the remaining models.
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2. Facilities and Accreditations

2.1. Facilities

The test facility is recognized, certified, or accredited by the following organizations:
e FCC - Registration No.: 645098
Shenzhen Tongce Testing Lab

The 3m Semi-anechoic chamber has been registered and fully described in a report with the
(FCC) Federal Communications Commission. The acceptance letter from the FCC is
maintained in our files.

e IC - Registration No.: 10668A-1

The 3m Semi-anechoic chamber of Shenzhen Tongce Testing Lab.. has been registered by
Certification and Engineering Bureau of Industry Canada for radio equipment testing

2.2. Location

SHENZHEN TONGCE TESTING LAB.

Address: 2101 & 2201, Zhenchang Factory Renshan Industrial Zone, Fuhai Subdistrict, Bao'an
District, Shenzhen, Guangdong, 518103, People's Republic of China

2.3. Environment Condition:

Temperature: 18°C ~25°C
Humidity: 35%~75% RH
Atmospheric Pressure: 1011 mbar
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3. Test Result Summary

The maximum results of Specific Absorption Rate (SAR) found during test as bellows:
<Highest Reported standalone SAR Summary>

<Highest Reported simultaneous SAR Summary>

Note:

1. The highest simultaneous transmission is scalar summation of Reported standalone SAR per FCC KDB 690783 D01
v01r03, and scalar SAR summation of all possible simultaneous transmission scenarios are < 1.6W/kg.

2. This device is compliance with Specific Absorption Rate (SAR) for general population/uncontrolled exposure limits
specified in FCC 47 CFR part 2 (2.1093) and ANSI/IEEE C95.1-2005, and had been tested in accordance with the
measurement methods and procedures specified in IEEE 1528-2013.
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4. RF Exposure Limit

Type Exposure SAR {lle)
yp P Uncontrolled Exposure Limit
Spatial Peak SAR (averaged over any 1 g
- 1.60
of tissue)
Spatial Peak SAR (hands/wrists/feet/ankles
4.00
averaged over 10g)
Spatial Peak SAR (averaged over the
0.08
whole body)

Note:

1.  The Spatial Peak value of the SAR averaged over any 1 gram of tissue (defined as a tissue volume in the
shape of a cube) and over the appropriate averaging time.

2. The Spatial Average value of the SAR averaged over the whole body.

3. The Spatial Peak value of the SAR averaged over any 10 grams of tissue (defined as a tissue volume in the
shape of a cube) and over the appropriate averaging time.
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S.

SAR Measurement System Configuration
5.1. SAR Measurement Set-up

The OPENSAR system for performing compliance tests consist of the following items:
A standard high precision 6-axis robot (KUKA) with controller and software.
KUKA Control Panel (KCP)

A dosimetric probe, i.e., an isotropic E-field probe optimized and calibrated for usage in tissue simulating liquid.

The probe is equipped with a Video Positioning System (VPS).

The stress sensor is composed with mechanical and electronic when the electronic part detects a change on the
electro-mechanical switch; it sends an “Emergency signal” to the robot controller that to stop robot’s moves A

computer operating Windows XP.

OPENSAR software Remote control with teaches pendant and additional circuitry for robot safety such as

warning lamps, etc.

The SAM phantom enabling testing left-hand right-hand and body usage.
The Position device for handheld EUT

Tissue simulating liquid mixed according to the given recipes.

System validation dipoles to validate the proper functioning of the system.

Figle raba
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ipbot Controller

— Devile holder

KUKA SAR Test Sysytem Configuration
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5.2. E-field Probe

The SAR measurement is conducted with the dosimetric probe (manufactured by MVG).

The probe is specially designed and calibrated for use in liquid with high permittivity. The dosimetric probe has
special calibration in liquid at different frequency.

This probe has a built in optical surface detection system to prevent from collision with phantom.

Probe Specification

Construction Symmetrical design with triangular core

Interleaved sensors

Built-in shielding against static charges

PEEK enclosure material (resistant to organic solvents, e.g., DGBE)
Calibration ISO/IEC 17025 calibration service available.

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

Photo of E-Field Probe

5.3. Phantom

The SAM Phantom SAM120 is constructed of a fiberglass shell integrated in a wooden table. The shape of the
shell is in compliance with the specification set in IEEE P1528 and CENELEC IEC 62209-1,

IEC 62209-2:2010.

The phantom enables the dosimetric evaluation of left and right hand phone usage as well as body mounted usage
at the flat phantom region.

A cover prevents the evaporation of the liquid.

Reference markings on the Phantom allow the complete setup of all predefined phantom positions and
measurement grids by manually teaching three points in the robot

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.

Name: COMOSAR IEEE SAM PHANTOM
S/N: SN 19/15 SAM 120
Manufacture: MVG
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SAM Twin Phantom

5.4. Device Holder

In combination with the Generic Twin Phantom SAM120, the Mounting Device enables the rotation of the
mounted transmitter in spherical coordinates whereby the rotation points is the ear opening.

The devices can be easily, accurately, and repeatedly positioned according to the FCC and CENELEC
specifications.

The device holder can be locked at different phantom locations (left head, right head, flat phantom).
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5.5. Data Storage and Evaluation

Data Storage

The OPENSAR software stores the acquired data from the data acquisition electronics as raw data (in microvolt
readings from the probe sensors), together with all necessary software parameters for the data evaluation (probe
calibration data, liquid parameters and device frequency and modulation data) in measurement files. The software
evaluates the desired unit and format for output each time the data is visualized or exported. This allows
verification of the complete software setup even after the measurement and allows correction of incorrect
parameter settings. For example, if a measurement has been performed with a wrong crest factor parameter in the
device setup, the parameter can be corrected afterwards and the data can be re-evaluated.

The measured data can be visualized or exported in different units or formats, depending on the selected probe
type ([V/m], [A/m], [C], [mWI/g], [mW/cmZ, [dBrel], etc.). Some of these units are not available in certain
situations or show meaningless results, e.g., a SAR output in a lossless media will always be zero. Raw data can
also be exported to perform the evaluation with other software packages.

Data Evaluation

The OPENSAR software automatically executes the following procedures to calculate the field units from the
microvolt readings at the probe connector. The parameters used in the evaluation are stored in the configuration
modules of the software:

Probe parameters: - Sensitivity Normi, ai0, ail, ai2
- Conversion factor ConvFi
- Diode compression point Dcpi

Device parameters: - Frequency f
- Crest factor cf

Media parameters: - Conductivity o}

- Density p
These parameters must be set correctly in the software. They can be found in the component documents or they
can be imported into the software from the configuration files issued for the OPENSAR components. In the direct
measuring mode of the millimeter option, the parameters of the actual system setup are used. In the scan
visualization and export modes, the parameters stored in the corresponding document files are used.

The first step of the evaluation is a linearization of the filtered input signal to account for the compression
characteristics of the detector diode. The compensation depends on the input signal, the diode type and the
DC-transmission factor from the diode to the evaluation electronics. If the exciting field is pulsed, the crest factor
of the signal must be known to correctly compensate for peak power. The formula for each channel can be given
as:

Vi=Ui+Ui2 -cf/dcpi

With Vi = compensated signal of channel i (i=x,vy,2)
Ui = input signal of channel i (i=x,y,2)
cf = crest factor of exciting field (MVG parameter)
dcpi = diode compression point (MVG parameter)

From the compensated input signals the primary field data for each channel can be evaluated:
E-field probes: Ei = (Vi/ Normi -ConvF )1/2
H-field probes: Hi = (Vi)1/2 -(ai0 + ail f +ai2f2) / f

With Vi = compensated signal of channel i (i=xY,2)
Normi = sensor sensitivity of channel i i=x,vy,2)
[mV/(V/m)2] for E-field Probes
ConvF = sensitivity enhancement in solution
aij = sensor sensitivity factors for H-field probes
f = carrier frequency [GHz]
Ei = electric field strength of channel i in V/m
Hi = magnetic field strength of channel i in A/m

The RSS value of the field components gives the total field strength (Hermitian magnitude):
Etot = (Ex2+ EY2+ Ez2)1/2
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The primary field data are used to calculate the derived field units.
SAR = (Etot)2 - o /(p -1000)

with SAR = local specific absorption rate in mW/g
Etot = total field strength in V/m
c = conductivity in [mho/m] or [Siemens/m]
p = equivalent tissue density in g/cm3

Note that the density is normally set to 1 (or 1.06), to account for actual brain density rather than the density of the
simulation liquid. The power flow density is calculated assuming the excitation field to be a free space field.

5.6. Position of the wireless device in relation to the phantom

Handset Reference Points
With  Ppwe = equivalent power density of a plane wave in mW/cm2
Etot = total electric field strength in V/m

Htot = total magnetic field strength in A/m

Ppwe = Etot2 / 3770 or Ppwe = Htot2 -37.7

Vertical
center line

w2
—

LE RE
Vertical
center line
wi2 | .
P Horizontal
i line
/Horizontal
/ line A
A
ACOllSttIC B Bottom of
outpu handset

Wit
Wb

Width of the handset at the level of the acoustic
Width of the bottom of the handset

B Midpoint of the width wb of the bottom of the handset

Positioning for Cheek / Touch

Acoustic
output

A Midpoint of the width wt of the handset at the level of the acoustic output
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Body Worn Accessory Configurations

To position the device parallel to the phantom surface with either keypad up or down.

To adjust the device parallel to the flat phantom.

To adjust the distance between the device surface and the flat phantom to 15mm or holster surface and the flat
phantom to 0 mm.

e 2
'\ S
= %“-'ua_“\
o T ~

-,
<

-y

0,00

Ilustration for Body Worn Position

Wireless Router (Hotspot) Configurations

Some battery-operated handsets have the capability to transmit and receive internet connectivity through
simultaneous transmission of WIFI in conjunction with a separate licensed transmitter. The FCC has provided
guidance in KDB Publication 941225 D06 where SAR test considerations for handsets (L x W >

9 cm x 5 cm) are based on a composite test separation distance of 10 mm from the front, back and edges of the
device with antennas 2.5 cm or closer to the edge of the device, determined from general mixed use conditions for
this type of devices. Since the hotspot SAR results may overlap with the body-worn accessory SAR requirements,
the more conservative configurations can be considered, thus excluding some body-worn accessory SAR tests.

When the user enables the personal wireless router functions for the handset, actual operations include
simultaneous transmission of both the WIFI transmitter and another licensed transmitter. Both transmitters often
do not transmit at the same transmitting frequency and thus cannot be evaluated for SAR under actual use
conditions. Therefore, SAR must be evaluated for each frequency transmission and mode separately and summed
with the WIFI transmitter according to KDB 648474 publication procedures. The “Portable Hotspot” feature on
the handset was NOT activated, to ensure the SAR measurements were evaluated for a single transmission
frequency RF signal.
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Ilustration for Hotspot Position
Limb-worn device
A limb-worn device is a unit whose intended use includes being strapped to the arm or leg of the user while
transmitting (except in idle mode). It is similar to a body-worn device. Therefore, the test positions of 6.1.4.4 also
apply. The strap shall be opened so that it is divided into two parts as shown in Figure 9. The device shall be
positioned directly against the phantom surface with the strap straightened as much as possible and the back of the
device towards the phantom.
If the strap cannot normally be opened to allow placing in direct contact with the phantom surface, it may be
necessary to break the strap of the device but ensuring to not damage the antenna.

d

. =

Test position for limb-worn devices

Laptop devices
For laptop PC, according to KDB 616217 D04, SAR evaluation is required for the bottom surface of the

keyboard.

This EUT was tested in the base of EUT directly against the flat phantom. The required minimum test separation
distance for incorporating transmitters and antennas into laptop computer display is determined with the display
screen opened at an angle of 90<to the keyboard compartment.

~

Test position for laptop devices
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5.7. Tissue Dielectric Parameters

The liquid used for the frequency range of 100MHz-6G consisted of water, sugar, salt and Cellulose. The liquid
has been previously proven to be suited for worst-case. The following Table shows the detail solution. It's
satisfying the latest tissue dielectric parameters requirements proposed by the IEEE 1528 and IEC 62209.
The simulating liquids should be checked at the beginning of a series of SAR measurements to determine of
the determine of the dielectric parameter are within the tolerances of the specified target values. The measured
conductivity and relative permittivity should be within +5% of the target values.
The following materials are used for producing the tissue-equivalent materials
Targets for tissue simulating liquid
Frequency Liquid Liquid Type Permittivity
+ 5% Range + 5% Range
(MHz) Type (0) (e)
300 Head 0.87 0.83~0.91 45.3 43.04~47.57
450 Head 0.87 0.83~0.91 435 41.33~45.68
750 Head 0.93 0.88~0.98 40.8 38.76~42.84
835 Head 0.90 0.86~0.95 415 39.43~43.58
900 Head 0.97 0.92~1.02 415 39.43~43.58
1800-2000 Head 1.40 1.33~1.47 40.0 38.00~42.00
2450 Head 1.80 1.71~1.89 39.2 37.24~41.16
2600 Head 1.96 1.86~2.06 39.0 37.05~40.95
3000 Head 2.40 2.28~2.52 38.5 36.58~40.43
5800 Head 5.27 5.01~5.53 35.3 33.54~37.07
300 Body 0.92 0.87~0.97 58.2 55.29~61.11
450 Body 0.94 0.89~0.99 56.7 53.87~59.54
750 Body 0.98 0.93~1.03 56.7 53.87~59.54
835 Body 0.97 0.92~1.02 55.2 52.44~57.96
900 Body 1.05 1.00~1.10 55.0 52.25~57.75
1800-2000 Body 1.52 1.44~1.60 53.3 50.64~55.97
2450 Body 1.95 1.85~2.05 52.7 50.07~55.34
2600 Body 2.16 2.05~2.27 52.5 49.88~55.13
3000 Body 2.73 2.60~2.87 52.0 49.40~54.60
5800 Body 6.00 5.70~6.30 48.2 45.79~50.61
(er = relative permittivity, ¢ = conductivity and p = 1000 kg/m3)
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5.8. Tissue-equivalent Liquid Properties

Report No.: TCT220916E006

Measured
Test Date Temp Tissue E m) Dev Dev
dd/mm/yy °C Type reqriency “ ots/m er(%) o(%)
( MHz )
825 55.26 0.93 011 412
08/29/2022 22°C 8358 835 5524 0.04 0.07 3.0
850 5521 0.97 0.02 0.00
1710 53.34 1.49 0.08 1.7
o 1720 53.32 150 0.04 132
08/29/2022 22¢C 18008 1750 53.31 151 0.02 20.66
1800 53.29 153 20.02 0.66
1850 53.34 1.49 0.08 1.7
o 1880 53.32 150 0.04 132
08/30/2022 22¢C 19008 1900 5331 151 0.02 20.66
1910 53.20 153 20.02 0.66
2410 54.65 197 3.70 1.03
o 2435 51.63 1.98 3.66 154
08/30/2022 2¢C 24508 2450 54.62 2.01 3.6 3.08
2460 5450 2.03 3.59 2.10
20850 51.06 2.10 1.02 2.78
08/31/2022 22°C 26008 21100 52.01 211 20.93 231
21350 52.13 2.13 20.70 1.39
08/31/2022 22°C 52008 5200 29.01 1.92 1.5 71.56
00/01/2022 22°C 53008 5300 24952 5.40 2055 2.35
09/01/2022 22°C 56008 5600 4759 5.53 0.91 252
00/01/2022 22°C 53008 5800 47.80 5.95 154 277

Hotline: 400-6611-140
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5.9. System Check

Report No.: TCT220916E006

test system (210 %).

Tuning

element
Spacer

System Check Set-up

The SAR system must be validated against its performance specifications before it is deployed. When SAR probe and

system component or software are changed, upgraded or recalibrated, these must be validated with the SAR system(s) that
operates with such component. Reference dipoles are used with the required tissue-equivalent media for system validation.
System check results have to be equal or near the values determined during dipole calibration with the relevant liquids and

System check is performed regularly on all frequency bands where tests are performed with the OPENSAR system.
z I y

leld probe %
", || FlatPhantom

Verification Results

Meas%eg \\/lslue n Normalized to 1W Target Value Deviation (%
Frequency Liquid (W/rIng) (W/kg) (W/kg) eviation (%)
(MHz) Type 1g 109 1g 109 1g 10g 1g 10g
Average | Average | Average | Average | Average | Average | Average | Average
750 Body 0.87 0.60 8.70 6.00 8.46 5.81 2.84 3.27
835 Body 0.95 0.63 9.50 6.30 9.62 6.44 -1.25 -2.17
1800 Body 3.78 2.05 37.79 20.46 37.69 20.57 0.27 -0.54
1900 Body 3.77 1.99 37.70 19.90 38.71 20.53 -2.61 -3.07
2450 Body 5.07 2.42 50.70 24.16 50.63 23.40 0.14 3.25
2600 Body 5.37 2.38 53.65 23.81 53.26 23.89 0.73 -0.33
5200 Body 15.47 5.51 159.00 56.90 158.00 57.92 0.63 -1.76
5300 Body 15.81 5.81 166.40 58.43 167..42 59.46 -0.61 -1.73
5600 Body 17.63 6.02 173.80 59.97 172.00 60.96 1.05 -1.62
5800 Body 18.30 6.18 181.20 61.50 182.25 62.59 -0.58 -1.74

Comparing to the original SAR value provided by MVG, the verification data should be within its specification of 10%.
Below table shows the target SAR and measured SAR after normalized to 1W input power. The table as below indicates
the system performance check can meet the variation criterion and the plots can be referred to Section 10 of this report.

Hotline: 400-6611-140

Tel: 86-755-27673339

Fax: 86-755-27673332
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I C I Report No.: TCT220916E006

6. Measurement Procedure

Conducted power measurement

For WWAN power measurement, use base station simulator to configure EUT WWAN transition in conducted
connection with RF cable, at maximum power in each supported wireless interface and frequency band.

Read the WWAN RF power level from the base station simulator.

For WLAN/BT power measurement, use engineering software to configure EUT WLAN/BT continuously
transmission, at maximum RF power in each supported wireless interface and frequency band.

Connect EUT RF port through RF cable to the power meter or spectrum analyser, and measure WLAN/BT output
power.

Conducted power measurement

Use base station simulator to configure EUT WWAN transmission in radiated connection, and engineering
software to configure EUT WLAN/BT continuously transmission, at maximum RF power, in the highest power
channel.

Place the EUT in positions as Appendix B demonstrates.

Set scan area, grid size and other setting on the MV G software.

Measure SAR results for the highest power channel on each testing position.

Find out the largest SAR result on these testing positions of each band.

Measure SAR results for other channels in worst SAR testing position if the Reported SAR or highest power
channel is larger than 0.8 W/kg.

According to the test standard, the recommended procedure for assessing the peak spatial-average SAR value
consists of the following steps:

Power reference measurement
Area scan

Zoom scan

Power drift measurement

Spatial Peak SAR Evaluation

The procedure for spatial peak SAR evaluation has been implemented according to the test standard. It can be
conducted for 1g and 10g, as well as for user-specific masses. The MVG software includes all numerical
procedures necessary to evaluate the spatial peak SAR value.

The base for the evaluation is a “cube” measurement. The measured volume must include the 1g and 10 g cubes
with the highest averaged SAR values. For that purpose, the center of the measured volume is aligned to the
interpolated peak SAR value of a previously performed area scan.

The entire evaluation of the spatial peak values is performed within the post-processing engine (SEMCAD). The
system always gives the maximum values for 1g and 10g cubes. The algorithm to find the cube with highest
averaged SAR is divided into the following stages:

Extraction of the measured data (grid and values) from the Zoom Scan.

Calculation of the SAR value at every measurement point based on all stored data (A/D values and measurement
parameters).

Generation of a high-resolution mesh within the measured volume.
Interpolation of all measured values form the measurement grid to the high-resolution grid

Extrapolation of the entire 3-D field distribution to the phantom surface over the distance from sensor to surface

Calculation of the averaged SAR within masses of 1g and 10g.
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Power Reference Measurement
The Power Reference Measurement and Power Drift Measurement are for monitoring the power drift of the device
under test in the batch process. The minimum distance of probe sensors to surface determines the closest

measurement point to phantom surface. This distance cannot be smaller than the distance of sensor calibration
points to probe tip as defined in the probe properties

Area & Zoom Scan Procedures

First Area Scan is used to locate the approximate location(s) of the local peak SAR value(s). The measurement
grid within an Area Scan is defined by the grid extent, grid step size and grid offset. Next, in order to determine
the EM field distribution in a three-dimensional spatial extension, Zoom Scan is required. The Zoom Scan is
performed around the highest E-field value to determine the averaged SAR-distribution over 10g. Area scan and
zoom scan resolution setting follows KDB 865664 D01v01r03 quoted below.

<3 GHz =3 GHz
Maximum distance from closest measurement point e =
p - Smm =+ 1 mm Y2-6-In(2) mm + 0.5 mm
(geometric center of probe sensors) to phantom surface
Maximum probe angle from probe axis to phantom 30° + 1° 20° = 1°
- 2 .y s T
surface normal at the measurement location
=<2 GHz: < 15 mm 3—-4GHz: <12 mm
2—-3GHz: <12 mm 4 -6 GHz: = 10 mm
o . . When the x or v dimension of the test device, in the

Maximum area scan spatial resolution: AXarea, AVares

measurement plane orientation, is smaller than the
above. the measurement resolution must be < the

corresponding x or y dimension of the test device with
at least one measurement point on the test device.

Maxi - It " A =2 GHz: < 8 mm 3—-4GHz: <5 mm"
Maximum zoom scan spatial resolution: AXZeom. AVZoom . ) . ]

P - 2-3GHz: <5mm" 4—6 GHz: <4 mm”

3-4GHz: <=4 mm

uniform grid: Azzgem(m) < 5 mm 4 -5 GHz: =3 mm

5—6GHz: =2 mm

Maximum zoom

scan spatial AzZoom(1): between 3 -4 GHz: <3 mm
resolution. normal to 1* two points closest <4 mm 4—5GHz: <2.5mm
phantom surface graded | to phantom surface 5 -6 GHz: <2 mm
grid
AZzpom(n>1):
between subsequent = 1.5-AzZoom(n-1) mm
points

3—4 GHz: > 28 mm
Minimum zoom <~ -
X V., Z = 30 mm 4 —-5GHz: =25 mm
scan volume ]
5—6GHz: > 22 mm
Note: 4 is the penetration depth of a plane-wave at normal incidence to the tissue medium; see IEEE Std
1528-2013 for details.

When zoom scan is required and the reported SAR from the area scan based 1-g SAR estimation procedures of
KDB Publication 447498 is < 1.4 W/kg, < 8 mm, < 7 mum and < 5 mun zoom scan resolution may be applied.
respectively, for 2 GHz to 3 GHz, 3 GHz to 4 GHz and 4 GHz to 6 GHz.

Volume Scan Procedures

The volume scan is used for assess overlapping SAR distributions for antennas transmitting in different frequency
bands. It is equivalent to an oversized zoom scan used in standalone measurements. The measurement volume will
be used to enclose all the simultaneous transmitting antennas. For antennas transmitting simultaneously in
different frequency bands, the volume scan is measured separately in each frequency band. In order to sum
correctly to compute the 1g aggregate SAR, the EUT remain in the same test position for all measurements and all
volume scan use the same spatial resolution and grid spacing. When all volume scan were completed, the software,

SEMCAD post-processor scan combine and subsequently superpose these measurement data to calculating the
multiband SAR.

SAR Averaged Methods
In MVG, the interpolation and extrapolation are both based on the modified Quadratic Shepard’s method. The
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interpolation scheme combines a least-square fitted function method and a weighted average method which are the
two basic types of computational interpolation and approximation.

Extrapolation routines are used to obtain SAR values between the lowest measurement points and the inner
phantom surface. The extrapolation distance is determined by the surface detection distance and the probe sensor
offset. The uncertainty increases with the extrapolation distance. To keep the uncertainty within 1% for the 1g and
10g cubes, the extrapolation distance should not be larger than 5 mm.

Power Drift Monitoring

All SAR testing is under the EUT install full charged battery and transmit maximum output power. In MVG
measurement software, the power reference measurement and power drift measurement procedures are used for
monitoring the power drift of EUT during SAR test. Both these procedures measure the field at a specified
reference position before and after the SAR testing. The software will calculate the field difference in dB. If the
power drifts more than 5%, the SAR will be retested.

Power Drift measurement

The drift job measures the field at the same location as the most recent reference job within the same procedure,
and with the same settings. The drift measurement gives the field difference in dB from the reading conducted
within the last reference measurement. Several drift measurements are possible for

Measurement Uncertainty

Per KDB 865664 D01 SAR Measurement 100KHz to 6GHz ,when the highest measurement 1-g SAR within a
frequency band is <1.5W/kg, the extensive SAR measurement uncertainty analysis described IEEE Std 1528-2013
is not required in SAR report submitted for equipment approval.

Page 19 of 78

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




TCT

7. Conducted Output Power

Report No.: TCT220916E006

WLAN 2.4G-Ant.0

Mode 802.11b 802.11g
Channel 1 6 11 1 6 11
Frequency 2412 2437 2462 2412 2437 2462
Average Power (dBm) 15.84 16.50 17.15 15.97 18.47 17.51
Mode 802.11n(HT20) 802.11n(HT40)
Channel 1 6 11 3 6 9
Frequency 2412 2437 2462 2422 2437 2452
Average Power (dBm) 15.22 18.67 16.61 15.28 15.83 16.32
WLAN 2.4G-Ant.1
Mode 802.11b 802.11g
Channel 1 6 11 1 6 1
Frequency 2412 2437 2462 2412 2437 2462
Average Power (dBm) 14.30 14.71 14.58 14.23 16.75 14.67
Mode 802.11n(HT20) 802.11n(HT40)
Channel 1 6 11 3 6 9
Frequency 2412 2437 2462 2422 2437 2452
Average Power (dBm) 13.70 16.91 14.15 13.89 14.27 14.28

Note

1.  Per KDB 248227 D01 v02r02, choose the highest output power channel to test SAR and determine further SAR exclusion.
2. The output power of all data rate were pre-scan, just the worst case (the lowest data rate) of all mode were shown in report

Hotline: 400-6611-140
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Report No.: TCT220916E006

Bluetooth
Mode GFSK Pi/ADQPSK
Channel 1 40 79 1 40 79
Frequency 2402 2441 2480 2402 2441 2480
Average Power (dBm) 2.94 3.22 2.64 4.75 5.07 4,54
Mode 8DPSK BLE
Channel 1 40 79 0 20 39
Frequency 2402 2441 2480 2402 2440 2480
Average Power (dBm) 4.98 5.35 4.79 2.67 2.66 2.03
Frequenc Tmz)—(ﬁ Max. Test Exclusion Exclusion
Channel q y P Power distance Result thresholds for thresholds for
(GHz) Power
(dBm) (mW) (mm) 1-g SAR 10-g SAR
40 2441 5.50 3.55 5 1.1 3.0 75
Note

1.  Per KDB 447498 D01v06, the 1-g SAR test exclusion thresholds for 100 MHz to 6 GHz at test separation distances < 50 mm
are determined by:
[(max. power of channel, including tune-up tolerance, mW) / (min. test separation distance, mm)] - [\fiGHz)] < 3.0 for 1-g SAR,
where
-f(GHz) is the RF channel transmit frequency in GHz
-Power and distance are rounded to the nearest mW and mm before calculation
-The result is rounded to one decimal place for comparison

2. Base on the result of notel, RF exposure evaluation of BT is not required.

Per KDB 248227 D01 v02r02, choose the highest output power channel to test SAR and determine further SAR exclusion.

4.  The output power of all data rate were prescan, just the worst case (the lowest data rate) of all mode were shown in report.

w
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8. Exposure Position Consideration

8.1. EUT Antenna Location

-

ARULLIT
002175

GFAN10E20220725

8.2. Test Position Consideration

Test Positions
Mode Back Front Top Side Bottom Side Right Side Left Side
WIFI/BT(Ant.0) No No No Yes No No
WIFI(Ant.1) No No No Yes No No

9. SAR Test Results Summary

9.1. Body 1g SAR Data

Test
o Ave. Tune-U Power Meas. . Reported e
Band Mode Pc\’,\s,'i:;]on CH. (Ili/rIquz.) Power p Limit Drift SAR1g SFc:Cltl(r)\? SAR1g (\I,_\;/mKlt)
omm @Bm) | @m) | (%) | Wik (Wikg) ’
802.11b-Ant.0 Bottom 11 2462 17.15 17.50 -3.030 0.158 1.079 0.170
2.4G 1.60
802.11b-Ant.1 Bottom 6 2437 14.71 15.00 -1.570 0.460 1.021 0.470
Note:
1. Per KDB 447498 D01 V06, for each exposure position, if the highest output power channel Reported SAR < 0.8W/kg, other channels SAR testing is not

necessary.
2. Per KDB 447498 D01 V06, the report SAR is measured SAR value adjusted for maximum tune-up tolerance. Scaling Factor=10"[(tune-up limit

power(dBm) - Ave.power power (dBm))/10], where tune-up limit is the maximum rated power among all production units.

Reported SAR(W/kg)=Measured SAR (W/kg)*Scaling Factor.
4. Per KDB865664D01 v01r04 perform a second repeated measurement only the ratio of largest to smallest SAR for the original and first repeated

measurement is >1.20 or when the original or repeated measurement is = 1.45W/kg.
5. Perform a second measurement only if the original, first and second repeated measurement is =1.5w/kg and the ratio of largest to smallest SAR for the

original, first and second repeated measurement is >1.20.

Page 22 of 78

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




I C I Report No.: TCT220916E006

9.2. Simultaneous Transmission Conclusion

Multi-Band Simultaneous Transmission Considerations

According to FCC KDB Publication 447498 D01v05r02, transmitters are considered to be transmitting simultaneously
when there is overlapping transmission, with the exception of transmissions during network hand-offs with maximum
hand-off duration less than 30 seconds. Possible transmission paths for the EUT are shown in below Figure and are
color-coded to indicate communication modes which share the same path. Modes which share the same transmission
path cannot transmit simultaneously with one another.

Path 1 Path 2
WIFI/BT-Ant.0 WIFI-Ant.1

Simultaneous Transmission Paths

Simultaneous Transmission Procedures

This device contains transmitters that may operate simultaneously. Therefore simultaneous transmission analysis is
required. Per FCC KDB 447498 D01v05r02, simultaneous transmission SAR test exclusion may be applied when the
sum of the 1-g SAR for all the simultaneous transmitting antennas in a specific a physical test configuration is < 1.6
Wi/kg. When standalone SAR is not required to be measured, per FCC KDB 447498 D01v05r02 4.3.2.2), the following
equation must be used to estimate the standalone 1g SAR and 10g extremity SAR for simultaneous transmission
assessment involving that transmitter.

V f(GHz)  Max. power of channel, mw
7.5(18.75) Min. Separation Distance, mm

Estimated SAR =

Mode Max. tune-up Exposure Position Head Body
Power (dBm) Test Distance (mm) / 5
BT 5.50 Estimated SAR (W/kg) / 0.148

Note:

1. When the minimum test separation distance is <5 mm, a distance of 5 mm according is applied to determine estimated SAR.

2. (max. power of channel, including tune-up tolerance, mW)/(min. test separation distance, mm)]-[Vf{GHz)/x] W/kg for test
separation distances < 50 mm; where x = 7.5 for 1-g SAR, and x = 18.75 for 10-g SAR.

3. Body exposure requires 1-g SAR, and the Limb-worn condition requires 10-g extremity SAR.

Simultaneous Transmission Possibilities

The Simultaneous Transmission Possibilities of this device are as below:

NO. Configuration Head Body
1 BT + WIFI An.t 1 NO YES
2 WIFI An.t 0+ WIFI An.t 1 NO YES

9.3. SAR Simultaneous Transmission Analysis

Scaled SAR
Test ZmaxSAR
Band Position - WIFI WIFI (Wikg) SPLSR Remark
2.4G-Ant.0 2.4G-Ant.1
249 Bottom 0.148 0.170 0.470 0.640 N/A N/A

Simultaneous Transmission Conclusion

The above numerical summed SAR results for all the case simultaneous transmission conditions were below the SAR
limit. Therefore, the above analysis is sufficient to determine that simultaneous transmission cases will not exceed the
SAR limit and therefore measured volumetric simultaneous SAR summation is not required per FCC KDB Publication
447498 D01v05r02.
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9.4. Measurement Uncertainty (450MHz-3GHz)

Report No.: TCT220916E006

UNCERTAINTY EVALUATION FOR HEADSET SAR

. . . Std. Std.

Uncertainty Component Description Uncertainty I?rqbabl_y Div. (C) (C unc. unc.
Value(%) Distribution 19 109 19(%) | 10g(%)
Measurement system
Probe calibration 721 5.8 N 1 1 1 5.8 5.8
Axial isotropy 7.21.1 3.5 R J3 | @ac)” | ac,y”® | 143 1.43
Hemispherical isotropy 7.21.1 5.9 R J3 C, VO, 2.41 2.41
Boundary Effects 7.2.1.4 1.00 R \/§ 1 1 0.58 0.58
Linearity 7212 4.70 R J3 1 1 271 | 271
System detection limits 7.2.12 1 R J3 1 1 058 | 058
Modulation Response 7.2.1.3 3 N 1 1 1 3.00 3.00
Readout Electronics 7.2.15 0.5 N 1 1 1 0.50 0.50
Response Time 7.2.16 0 R J3 1 1 000 | 0.0
Integration Time 7.2.17 14 R 3 1 1 081 | 081
RF Ambient Conditions-Noise 7.2.3.7 3 R ﬁ 1 1 1.73 1.73
RF Ambient
Conditions-Reflection 7237 3 R V3 ! ! 173 173
Probe positioned mechanical
- e 7221 14 R 3 1 1 081 | 081
Probe positioning with respect
to phantom shell 7223 1.4 R 3 1 1 0.81 0.81
Extrapolation interpolation
and integration algorithms for 724 2.3 R 1 1 1 1.33 1.33
Max.SAR evaluation
Test sample related
Test sample positioning 72244 2.6 1 1 1 2.60 2.60
. . 72242

Device holder uncertainty 79943 3 1 1 1 3.00 3.00
output power variation-SAR
drift measurement &238 ° Q V3 ! S 289 289
SAR scaling 7.2.5 2 R 3 1 1 1.15 1.15
Phantom and tissue parameters
Phantom uncertainty (shape 7999 4 R ﬁ 1 1 231 231
and thickness tolerances) T ) '
uncertainty in SAR
correction for deviation (in 7.2.6 2 N 1 1 0.84 2.00 1.68
permittivity and conductivity)
Liquid conductivity 7.235 25 N 1 0.78 071 | 195 | 178
(temperature uncertainty)
Liquid conductivity 7233 4 N 1 0.23 026 | 092 | 1.04
-measurement uncertainty
Liquid permittivity 7.235 25 N 1 0.78 071 | 195 | 178
(temperature uncertainty)
Liquid permittivity 7.234 5 N 1 0.23 026 | 115 | 130
measurement uncertainty
Comblqed standard RSS 10.83 10.54
uncertainty
Expanded uncertainty
(95%CONFIDENCEINTERV k 21.26 21.08

AL
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Report No

.- TCT220916E006

UNCERTAINTY FOR PERFORMANCE CHECK

. . - Std. Std.

Uncertainty Component Description U\Dglir;?g/g ;y Dlijsrt? ?lfl?tli)tl)n Div. (i;) (1%3 unc. uUnc.
19(%) | 109(%)

Measurement system
Probe calibration 721 5.8 N 1 1 1 5.8 5.8
Axial isotropy 7211 35 R 3 | @Cy¥? | (@-cy”? | 143 1.43
Hemispherical isotropy 7211 5.9 R J§ A /Cp ,/Cp 2.41 2.41
Boundary Effects 7214 1.00 R J3 1 1 0.58 0.58
Linearity 7.2.12 4.70 R 3 1 1 2.71 2.71
System detection limits 7212 1 R ﬁ 1 1 0.58 0.58
Modulation Response 7.2.1.3 3 N 1 1 1 0.00 0.00
Readout Electronics 7.2.15 0.5 N 1 1 1 0.50 0.50
Response Time 7.2.16 0 R 3 1 1 000 | 000
Integration Time 7.21.7 14 R ﬁ 1 1 0.81 0.81
RF Ambient
Conditions-Noise 7237 3 R J§ 1 1 1.73 1.73
RF Ambient
Conditions-Reflection 1237 8 R J§ ! ! 173 L3
Probe positioned mechanical
ol ance 7.2.2.1 1.4 R J3 1 1 0.81 0.81
Probe positioning with
respect to phantom shell 1223 14 R J§ ! ! 0.81 0.81
Extrapolation interpolation
and integration algorithms 724 2.3 R 1 1 1 1.33 1.33
for Max.SAR evaluation
Dipole
Deviation of experimental
source from numerical 4 N 1 1 1 4.00 4.00
source
Input power and SAR drift 7936 5 R \/§ 1 1 289 289
measurement
Dipole axis to liquid
distance 2 B ‘/§ 1 }
Phantom and tissue parameters
Phantom uncertainty (shape 7999 4 R \/§ 1 1 231 231
and thickness tolerances) T ) '
uncertainty in SAR
correction for deviation (in 796 2 N 1 1 0.84 200 168
permittivity and
conductivity)
Liquid conductivity 7235 25 N 1 0.78 071 | 195 | 178
(temperature uncertainty)
Liquid conductivity 7233 4 N 1 0.23 0.26 092 | 1.04
-measurement uncertainty
Liquid permittivity 7235 25 N 1 0.78 071 | 195 | 178
(temperature uncertainty)
Liquid permittivity 7.2.3.4 5 N 1 0.23 026 | 115 | 1.30
measurement uncertainty
Comblqed standard RSS 1015 10.05
uncertainty
Expanded uncertainty
(95%CONFIDENCEINTER k 20.29 20.10
VAL
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Report No.: TCT220916E006

9.5. Test Equipment List
Calibration
Test Equipment Manufracture Model Serial Number Calg’;fetlon Calibration Due
(D.M.Y) (D.M.Y)
PC Lenovo H3050 N/A N/A N/A
Signal Generator Angilent N5182A MY47070282 Jun. 08, 2022 Jun. 07, 2023
Multimeter Keithley Multimeter 2000 4078275 Jun. 08, 2022 Jun. 07, 2023
Network Analyzer Agilent 8753E US38432457 Jun. 08, 2022 Jun. 07, 2023
Wireless
Communication R&S CMU200 111382 Jun. 08, 2022 Jun. 07, 2023
Test Set
Wideband Radio Communication Tester R&S CMWS500 114220 Jun. 08, 2022 Jun. 07, 2023
Power Meter Agilent E4418B GB43312526 Jun. 08, 2022 Jun. 07, 2023
Power Meter Agilent E4416A MY45101555 Jun. 08, 2022 Jun. 07, 2023
Power Meter Agilent N1912A MY50001018 Jun. 08, 2022 Jun. 07, 2023
Power Sensor Agilent E9301A MY41497725 Jun. 08, 2022 Jun. 07, 2023
Power Sensor Agilent E9327A MY44421198 Jun. 08, 2022 Jun. 07, 2023
Power Sensor Agilent E9323A MY53070005 Jun. 08, 2022 Jun. 07, 2023
Power Amplifier PE PE15A4019 112342 N/A N/A
Directional Coupler Agilent 722D MY52180104 N/A N/A
Attenuator Chensheng FF779 134251 N/A N/A
. SN 36/20
E-Field PROBE MVG SSE2 EPGO346 Oct. 08, 2021 Oct. 07, 2022
SN 16/15 DIP
DIPOLE 2450 MVG SID 2450 2G450-374 Jun. 05, 2021 Jun. 04, 2024
SN 16/15 DIP
DIPOLE 2600 MVG SID 2600 2G600-375 Jun. 05, 2021 Jun. 04, 2024
Limesar Dielectric Probe MVG SCLMP SH 1915 Jun. 05, 2021 Jun. 04, 2024
OCPG71 U U
Communication SN 39/14
Antenna MVG ANTA59 ANTAS9 N/A N/A
Mobile Phone SN 19/15
Position Device MVG MSH101 MSH101 NIA NIA
Dummy Probe MVG DP66 SN 13/15 DP66 N/A N/A
SN 19/15
SAM PHANTOM MVG SAM120 SAM120 N/A N/A
SN 19/15
PHANTOM TABLE MVG TABP101 TABP101 N/A N/A
SN 19/15
Robot TABLE MVG TABP61 TABP61 N/A N/A
6 AXIS ROBOT KUKA KR6-R900 501822 N/A N/A

Note:

1.N/A means this equipment no need to calibrate
2.Each Time means this device need to calibrate every use time
3. The dipole was not damaged properly repaired.
4. The measured SAR deviates from the calibrated SAR value by less than 10%

5. The most recent return-loss result meets the required 20 dB minimum return-loss requirement

6. The most recent measurement of the real or imaginary parts of the impedance deviates by less than 5 Q from the previous

measurement.
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10. System Check Results

Date of measurement: 09/02/2022 Test mode: 2450MHz (Body)
Product Description: Validation

Dipole Model: SID2450

E-Field Probe: SSE2 (SN 36/20 EPGO346)

Phantom Validation plane
Input Power 100mwW
Crest Factor 1.0
Probe Conversion factor 2.37
Frequency (MHz) 2450.000000
Relative permittivity (real part) 54.616199
Relative permittivity (imaginary part) 14.930150
Conductivity (S/m) 2.012159
Variation (%) -0.230000
SAR 10g (W/KQg) 2.416669
SAR 1g (WI/KQg) 5.066368
SURFACE SAR VOLUME SAR
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Z (mm) 0.00 4.00 9.00 14.00 19.00

SAR (W/Kg) 5.0622 2.7984 1.5251 0.8352 0.4200
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Date of measurement: 09/02/2022 Test mode: 2600MHz (Body)
Product Description: Validation

Dipole Model: SID2600

E-Field Probe: SSE2 (SN 36/20 EPGO346)

Phantom Validation plane
Input Power 100mw
Crest Factor 1.0
Probe Conversion factor 2.23
Frequency (MHz) 2535.000000
Relative permittivity (real part) 52.013887
Relative permittivity (imaginary part) 14.935214
Conductivity (S/m) 2.114821
Variation (%) -1.800000
SAR 10g (W/Kg) 2.382177
SAR 1g (W/KQg) 5.365098
SURFACE SAR VOLUME SAR

2,271670
1218007

1. 180344

Z-Cuts Contral
<< Vpper Cut
H I-=1to0 n
=0, " ] v ] ? " N n ]
SAVE Cancel SaE Cancel. 150 20 80 0 -0 0 30 60 80 20 150
b

X

P X @m) [0 Y (m)
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Z (mm) 0.00 4.00 9.00 14.00 19.00

SAR (W/Kg) 5.7721 3.2210 0.1937 0.0321 0.0203

580 -
5.-:-::_\
4.20 -
AN
3.60.-
2.80~ ‘\-
1.00-) N,
0.20 - N
0.05 - \b
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0 2 4 & 8 10 12 14 16 18 20 22 24 26 28 30
Z |mimij

SAR [Wiked

Hot spot position

Page 30 of 78

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




I C I Report No.: TCT220916E006

11. SAR Test Data

WIFI 2.4G-Ant.0
SAR Measurement at IEEE 802.11b ISM (Body, Validation Plane)

Date of measurement: 2/9/2022

A. Experimental conditions.

Probe SSE2 (SN 36/20 EPGO346)
ConvF 2.28
Area Scan surf_sam_plan.txt
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm,Complete
Phantom Validation plane
Device Position Body
Band IEEE 802.11b ISM
Channels Higher (11)
Signal IEEE 802.11
B. Permitivity
Frequency (MHz) 2462.000
Relative permitivity (real part) 52.685
Relative permitivity (imaginary part) 14.375
Conductivity (S/m) 1.966
C. SAR Surface and Volume
SURFACE SAR VOLUME SAR

Wik ’ Wikg

0471 0.166
. 0.150 . 0.146

0129 0127

0108 0107
| 0.087 | 0.088
0.066 0.068
0.045 . 0.043

. 0.024 . 0.030
0.003

0.010

Maximum location: X=-9.00, Y=-2.00 ; SAR Peak: 0.24 W/kg

D. SAR 19 & 10g

SAR 10g (W/Kg) 0.091
SAR 1g (W/Kg) 0.158
Variation (%) -3.030
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) 0.220 0.166 0.113 0.074 0.046
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F. 3D Image
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Wikg
0171
. 0150
0129
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H 0.087
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0.024
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. 0150
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0108
F 0.087
0.088
0045

. 0.024
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SAR Measurement at IEEE 802.11b ISM (Body, Validation Plane)

Date of measurement: 2/9/2022

A. Experimental conditions.

-

Wikg
0.501

. 0.440

0378
0318
0.254
0192
0130
0.069
0.007

Probe SSE2 (SN 36/20 EPGO346)
ConvF 2.28
Area Scan surf_sam_plan.txt
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm,Complete
Phantom Validation plane
Device Position Body
Band IEEE 802.11b ISM
Channels Middle (6)
Signal IEEE 802.11
B. Permitivity
Frequency (MHz) 2437.000
Relative permitivity (real part) 52.717
Relative permitivity (imaginary part) 14.311
Conductivity (S/m) 1.938
C. SAR Surface and Volume
SURFACE SAR VOLUME SAR
r

Wikg
0.493
. 0.433
0.373
0314
0.254
0.194
0.134
0.075
0.015

Maximum location: X=9.00, Y=15.00 ; SAR Peak: 0.78 W/kg

D. SAR 19 & 10g

SAR 10g (W/Kg) 0.237
SAR 1g (W/Kg) 0.460
Variation (%) -1.570
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) 0.777 0.493 0.266 0.138 0.068
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Appendix A: EUT Photos

Please refer to RF report.

Liquid depth

‘ ‘ ...Q.;M.ﬂi‘m—. -

The Body Liquid of 835MHz (15.4cm) The Body Liquid of 1800MHz (15.2 cm)

R i,

The Body Liquid of 750MHz (16.5cm) 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 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
SERIAL NO.: 5N 36/20 EPGO346

Calibrated at MVG
Z.IL de la pointe du diable
Technopile Brest Iroise — 295 avenoe Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 10/08/2021
s, cofrae

N
- Wi

ETALONMAGE

Avccreditations #2-6T3% and #2-6814
Scope svailable on waw cofrec. i

Summary:

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

Units (51).
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Eel ACE 297 1. 200MY GH.A

MNeme Frnetion Dinte Sigmature
Prepared by : Jérime LUC Technical Manager |0/08/2021 ;ﬁ"-
Checked by : Iérdme LTUC Technical Manager 10082021 :-;'Ef
Approved by Yann Toutain Laboratory Director 1071172021 @m el e
&
Custenner Nome
S SHENHEN TCT TESTING
Distribution - | 1peHNOLOGY CO., LTD
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A Jérome LUC 1041172021 Initial release
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR.297. 1L MAMVGE.A
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LLLAE] COMOSAR E-FIELD PROBE CALIBRATION REFORT Feef: ACE 2571 ML MVGE A

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MYG
Muodel SSE2
Serial Number SN 36/20 EPGO346
Product Condition (new [ used) Mew
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.217 ML
Dipole 2: R2=0.245 ML}
Dipole 3: R3=0.219 ML2

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

MWVG's COMOSAR E field Probes are built in accordance to the IEEE 1528, FOC KDBS65664
D01, CENELEC EN62209 and CEVIEC 62209 standards.

Figure 1 — MV COMOSAR Dosimetric E Sield Dipole

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

3 MEASUREMENT METHOD

The IEEE 15218, FCC KDB865664 D01, CENELEC EN62209 and CELIEC 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.

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 0.01W/kg to 100W/kg.

Page: 410
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3.2 SENSITIVITY
The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) wsing 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 limit is 10 mW/kg.

i4  ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted wunder the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 to 360 degrees in 13-
degree steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box
filled with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave
dipole. The dipole is rotated about its axis (0°-1807) in 157 increments. At each step the probe is
rotated about its axis (0°-360°).

3.l 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 interface. 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 wncertainty can be estimated according to the following uncertainty
approximation formula based on linear and exponential extrapolations between the surface and o +
tl o along lines that are approximately normal to the surface:

? (E-d;.mmj

SAR ey [4]- B4R, (‘*m;w b (4, +d, )< 10

ag af2

where

SARyncerainty is the uncertainty in percent of the probe boundary effect

idhe ) 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

&g is the minimum penetration depth in millimetres of the head tssue-equivalent
liguids defined in this standard, i.e., &= 14 mm at 3 GHz:

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

distance i from the boundary, and the analytical SAR value.
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The measured worst case boundary effect SARuncertainty[%] for scanning distances larger than
dmm is 1.0% Limit 2%).

4 MEASUREMENT UNCERTAINTY

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

Uncerialnty analysis of the probe callbration ln wavegulde

Uncertainty Probability Dilvis " Standard
value (%) Distribution visor ‘ Uncertainty (%)

ERROR SOURCES

Expanded uncertainty

- 14 %
93 % confidence level k = 2 N

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters

Liguid Temperature 2 +-1°C
Lab Temperature 20 +/-1°C
Lab Humidity 30-80 %

5.1 SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
1 (uVAVim ) | 2 (uVaVim)y | 3 (pViivim)™)
.81 0.71 080

DCF 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 COMOSAR E-FIELD PROBE CALIBRATION REPORT Bef: ACR. 267,120 MVGE.A

Calibration curves

£58-
5?3- — I
E00 e St N
—3 - """f-::-‘ i
£ am- — Dioote 1
: W ":jf::-_: .
E SR = F,a-"'f-’jl Dipole 2
9 200- -
100 "'{f"
0-—
WE'.IIZI-D'I 010.02 0.030.04 0.050.06 0.070.080.090.100.110.120.13 l'.'l.lls'.
Vokage (V)
5.2 LINEARITY
Lineanty
1.00-
0.75
= 050
=
w .25
'-E ﬁ.Dﬂ—‘h-H-hH-#-—H-H-P-HI-P-Hﬂ-H-H-!-F
B 025
5 50-
0475
<1.00- i
0 100 200 300 400 500 600 648
E-Reld (V/m)

Linearity:+/-1.97% (+/-0.09dB)
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mvis COMOSAR E-FIELD PROBE CALIBRATION REPORT Beef: ACH 257 LML MVGE A

5.3 SENSITIVITY IN LIOUID

Liguid Frequency ConvF Epsilon {S/m) Permittivity

(MHz +/-

10N Hz )
HLT50 750 1.71 0.93 40.76
BLT50 750 1.T8 0.98 56.70
HL200 S 1.91 0.93 41.94
BLS00 S 1 .95 54.62
HL | #(s) 1 500 208 1.29 .5
BL 1800 1 BEHD 216 1.47 5227
HL2{W) 2000 2103 1.42 38.37
BL 2000 2000 210 1.52 5203
HL2450 2450 231 180 .72
BL2450 2450 237 1.97 54.91
HL260 200 216 189 3998
BL26N) 2600 21 218 54.42
HLS2(0 5200 2101 4.45 16,68
BL5200 5200 208 5.46 49.02
HLSH(0 SE00 2106 5.08 481
BL 5800 SR00 213 602 47.81

LOWER DETECTION LIMIT: 8BmW/kg

.f"'n:l_l.:r. R

Thais adowcaime
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54 ISOTROPY
HLI18M MHz
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mvis COMOSAR E-FIELD PROBE CALIBRATION REFORT Ref: ACR.297. 1L HUMNVGE.A

6 LIST OF EQUIPMENT

Equipment Summary Sheet

916E006

uipment Manufacturer Current Next Calibration
Equiy / Identification No.
Description Muodel Calibration Date Date
Flat Phantom MVG SN-20/09-5AM71 [fafidated. Nocal  Validated.  No cal
Faquirad. raquirad.
COMOSAR Test Bench Version 3 NA Velidated. Nocal  Vabdaled. Mo col
requirad. requirad.
Network Analyzer H"me;ﬁf“"‘m 100203 052019 05/2022
Network Anahyzar — Rahde & Schwarz y ,
Calibration kit ZV-2235 101223 052019 052022
Multimeter Kaithley 2000 1160271 2/2020 02/2023
Signal Generator Humesﬁ'msg:““” 106589 04/2019 04/2022
- Characterized prior to |Characterized prior to
Amplifics Astharcomm SN O4E test. Mo cal required. [1est. Mo cal required.
Power Mater NI-USE 5680 170100013 05/2019 05/2022
Directional Coupler | Marda 4216-20 01386 Characterzed prics 1o | Characterized prior 16
test. Mo cal required. [test. Mo cal reguired.
Waveguide Mega Industries | 089Y7-158-13.712 [Validated. Nacal  Validated. No cal
raquirad. raquirad.
Waveguide Transition | Mega Industries | 089'7-158-13-701 | 2hdated. Nocal  Validated. No cal
required. requirad.
, N . Walidated. Mo cal Walidated. Mo cal
[Waveguide Termination| Mega Industries 069%7-158-13-T01 required. Fequirad.
T“mF‘EfE'S':Li_;rH” midity|  Tasto 184 H1 44220687 05/2020 05/2023
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Dielectric Probe Calibration

<N

Dielectric Probe Calibration Report

Ref: ACR.1384.33 SATUA

SHENZHEN TCT TESTING TECHNOLOGY CO.,LTD
210182201, ZHENCHANG FACTORY, RENSHAN
INDUSTRIAL ZONE, FUHAI SUBDISTRICT, BAOAN

MVG COMOSAR DOSIMETRIC E-FIELD PROBE

DISTRICT, SHENZHEN, GUANGDONG, 518103,
PEOPLES REPUBLIC OF CHINA

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

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

Sa=r
i-*lx}:_:fr.i_
L7 e
% /’j%"\.:_‘\-b ACCREDITED

g

Calibration Date: 06/05/2021

=
4

Sty

This docinnent presesls the wethod and results from an sceredited Dielectric Probe calibiation
peiformed m MVG USA using the LIMESAR test beisch  All calibwation resulis are traceable fo
national nsetrology Detinmoos.

Hotline: 400-6611-140
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Report No.: TCT220916E006

SAR DIELECTRIC PROBE CALIBRATION REPORT

Ref: ACR138.433 SATUA

1 INTRODUCTION

This document contains a summary of the suggested methods and requirements set forth by the IEEE

1528 and CEVIEC 62209 standards for liquid permittivity measurements 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 LIMESAR DIELECTRIC PROBE
Manufacturer MVG
Model SCLMP
Senal Number SN 19/15 OCPG 71
Product Condition (new / used) Used

A yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - MV'G LIMESAR Dielectric Probe

This documens shall mor be reprovtuced, except in full or in part, withour the wraren approval of MVG
The informarion consained beretn Is w be used only for the parpose for whick it (s subwvitzed and is sot 0
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mves AR DIELECTRIC PFROBE CALIBRATION REPORT Ref ACR 143 SATUA

4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CELTEC 62200-1 & 2 standards onfline techmiques for

dielectric property measurements, The LIMESAR test bench employs one of the methods outlined in
the standards, using a contact probe or open-ended coaxial transmission-line probe and vectos
network analyzer. The standards recommend the measurement of two reference materials that have
well established and stable dielectric properties to validate the system, one far the calibration and one
for checking the calibration. The LIMESAR test bench uses De-iomized water as the reference for the
calibration and either DMS or Methanol as the reference for checking the calibration. The following
measurements were performed to venfy that the produet complies with the fore mentioned standards.

4.1 LIQUID PERMITTIVITY MEASUREMENTS

The permuttivity of a liqud 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 uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level nsing a coverage factor of k=2, traceable to the Intermationally Accepted Guides to
Measurement Uncertainty

5.1 TRIC N

The following incertainties apply to the Dielectric Penmittivity measurement:

Uncertainty analysis of Permittivity Measurement
ERROR SOURCES :::ntzl{[:i-l'!-?] [l:::::::‘::n Divisor i l.'nmﬁri'::;ﬂrfi-'-%}

Eeepeatability {n repeats, mid-band} 4.00% N 1 1 4.000%
Deviation from reference liquid 5.00% F. V3 1 1BETH
Metwork amalyser-drifi. lnsearity 2004 R V1 1 1.155%
Test-port cable variations 0.00% 4] Jz 1 0.000%
Combined standard uncertainty 5.066%
Expanded uncertainty (confidence level of 95%, k= 1) 10.0%%

Uncertainty analyvsis of Conductivity Measurement

. Uncertainty Frobability . Standard
ERROR SOURCES value {+.r-¢?j Distribution | DT i Uncertainty (+-%0)

Repeatability {n repeats, md-band) ER M 1 1 3500
Deviation from reference liguid X R 3 1 1.73%
Metwork amalyser-drifi, lisearity 2.00% R Ji 1 1.155%
Test-port cable variations 000 u e 1 000

Combined standard uncertaimty 4.072%
Expanded uncertainty (confidence level of 95%, k= 2) B.1%
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6  CALIBRATION MEASUREMENT RESULTS

Measurement Condition

Software LIMESAR
Liguid Temperature 21°C
Lab Temperature 21°C
Lab Humudity 44%

6.1 LIQUID PERMITTIVITY MEASUREMENT

A liguid of known characteristics (methanol at 20°C) is measured with the probe and the results (complex
permuttivity £'+)e”) are compared with the well-known theoretical values for this ligquad.
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Model T e e e Date
Walidated. Mo cal Validated. Mo cal
LIMESAR Test Bench Verdon 3 MA required. required.
Network Analyzer | RNode S Sehwarz | gyq00137 0212021 0212024
Validated. Mo cal Validated. Mo cal
Methanol CAS 67-56-1|  Alpha Aesar LotD1awo11 | s ki
L“u‘:‘m"g“ and | e ontrol Company 11-661-9 08/2021 0912022
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Appendix D: Dipole Calibration Report
SID2450

SAR Reference Dipole Calibration Report

Ref: ACR.156.9.15.5ATU.A

SHENZHEN TCT TESTING TECHNOLOGY CO., LTD

2101&2201, ZHENCHANG FACTORY, RENSHAN INDUSTRIAL
FUHAI SUBDISTRICT, BAOAN DISTRICT, SHENZHEN,
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 16/15 DIP 2G450-374

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

ACCREDITED

-"".-
LT T L

Calibration Date: 06/05/2021

Seemmary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All calibration results are traceable to
national metrology nstitutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.156.9.15.SATUA

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 16/15 DIP 2G450-374
Product Condition (new / used) Used

A yearly calibration interval is recommended.

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 - MV'G COMOSAR Validation Dipole

Page: /11
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mvG SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.136.8.13.54TULA

4 MEASUREMENT METHOD

The IEEE 1328, FCC KDBs and CELIEC 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 retumn loss of =20
dB or better. The return loss measurement shall be performed against a liquid filled flar phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions 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.

5 MEASUREMENT UNCERTAINTY

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

3.1 RETUEN LOSS

The tollowing uncertmnties apply to the return loss measurement:

Freguency band Expanded Uncertainty on Return Loss

400-600MHE 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertanties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.03 mm

3.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 20.3 %
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR 1) 13 SATILA

0g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE [N HEAD LIQUID

Frequency, MH;z
2380 2800 2420 M40 B0 24B0 3500 FEAD

511, a8

Fregquency {(MHz) Reiurn Loss (dB) Requirement (dB) Impedance
2450) -29.05 -20 46702 -0.2 103

6.2 RETURN LOSS AND IMPEDANCE [N BODY LIQUID

Frequency, MH;z
200 2800 M M40 MED  MBD 3500 2520

Freguency (MHz) Return Loss (dB) Reqguirement (dB) Impedance
2450 =32.86 =20 48.6 02 - 1.9

6.3 MECHANICAL DIMENSIONS

Freguency b Hz L rrm hi rm d rarm
required measured required measured required measured
00 A0 21 . 250.0 +1 %, 6.35 11 %,
Page: &1
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as0 290.0 #1 %. 166.7 +1%. 63541 %
750 176.0 #1 % 100.0 +1 %. 63541 %
g35 161.0 #1 % H9E 41 % 1651 %,
800 149.0 #1 % 83341%. 1651 %,
1450 9141 % 517 41 %. 1651 %,
1500 B0.5 21 % 50.0 21 %. 1621 %.
1640 9.0 21 % 457 11 %. 1621 %.
1750 75221 % 2011 % 1621 %.
1800 TLO 1% 41741 % 1621 %.
1900 68,0 21 % 30.5 11 %. 1621 %.
1950 66.3 21 % 38.5 11 %. 1621 %.
2000 64.5 21 % 37.5 11 %. 1621 %.
2100 1.0 21 % 35.7 11 %. 1621 %.
2300 555 1% 326 21 %. 1621 %.
2450 51531 %, PASS 30.4 21 %. PASS 1621 % PASS
2600 48,5 11 % 25.8 11 %. 1621 %.
3000 415 21 % 25.0 11 %. 1621 %.
3500 I7.081 % 26.4 11 %. 1621 %.
3700 M7 % 26.4 11 %. 1621 %.

Hotline: 400-6611-140

7T VALIDATION MEASUREMENT
The IEEE 5td. 1528, FOC KDBs and CEVIEC 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 posinoned 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.

7.1 HEAD LIQUID MEASUREMENT

F'“";,I"IZ"”" Relative permittivity (8] Conductivity {a} Sfm
required mieasured required measured
g 45325 % 0.87 25 %
450 43.525% 0.87 25 %
750 41525% 0.89 25 %
835 415:25% 0.90 25 %
900 41525% 0.97 £5 %
1450 40.525% 1.20 25 %
1500 40425 % 1.23:5%
1640 40.225% 131:5%
1750 40.125% 13725 %
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1800 40035% 1.40 55 %
1900 40035% 1.40 55 %
1950 40035% 1.40 55 %
2000 40035% 1.40 55 %
2100 30Es5% 14935 %
2300 30535% 167 25 %
2450 30.235% PASS 1.80 35 % PASS
2600 300:5% 1.96 25 %
3000 IBE55% 24035 %
500 I70:5% 20135 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1328 and CELVIEC 62209 standards state that the system validation measurements
should produce the SAR valuwes shown below (for phantom thickness of 2 mm), within the
uncertaunty for the svstem vahdation. All SAR values are normahzed to 1 W forward power. In
bracket, the measured SAR 15 mven with the used input power.

Software OPENSAR V4
Phantom SN 209 SAMTI
Probe SN 111 EMG1X2
Ligquid Head Liguid Valaes: eps” © 38.3 sigma @ 18D
Distance berween dipole center and liquid 1020 mm
Arca scan resolution dx=8mm/dy=Rmm
Loon Scan Resolution dx=5mm/dy=5mm/dz=5mm
Froquency 2450 MHz
Input power 20 dBm
Liguid Temperaiure 21 *C
Lab Temperature 21 *C
Lab Humidity 45 %
Freque
e 1 g SAR (Wikg/W) 10 g SAR (W//kg/W)
required measured reguired mzasured
300 2BS 104
450 458 106
750 249 5.55
815 9.56 B.22
S0 109 659
1450 29 16
1500 305 168
1640 342 184
1750 364 193
1800 IR4 201
Page: 811
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1900 397 05
1950 405 09
2000 411 211
2100 416 218
2300 487 233
2450 524 53.26(5.38) 24 24.15 (2.49)
2600 553 245
3000 618 57
3500 67.1 25

— — 3

m)

R

i

)

B
- 5 s
- e
o | PPV
-t Vi '-lsll:l.l_J“'E;'<:1:l...J.$.‘<>:l
7.3 BODY LIQUID MEASUREMENT
Fm:‘";"“ Relative permitthity (8] Conductivity (a} 5/m
required measured requined meas ured

150) G1.025% 0.80 5 %
300 SEI85% 0.92 85 %
450 56.725% 0.94 45 %
750 S5 525% 0.95 5 %
B35 55185% 0.97 45 %
900 S5025% 1.05 #5 %
915 SE085% 1.06 #5 %
1450 54.025% 13045 %
1610 51Es5% 1.40 #5 %
1800 531325% 15285 %
1900 531325% 15285 %
2000 531325% 15285 %
2100 531285% 162 #5 %

2450 51725% PASS 1.05 #5 % PASS
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2600 51535% 21645 %
3000 51.0s5% 2735 %
3500 513s5% 331e5%
5200 490 £10% 5.30 £10 %
5300 489 =10 % 5.42 £10 %
5400 487 £10% 5.53 +10 %
5500 486 210 % 5.65 +10 %
5600 485 510 % 5.77 +10 %
5800 482 510% .00 +10 %

74 SAR MEASURFEMENT RESULT WITH BODY LIQUID

Software OPEMNSAR V4

Phantorm SN 20009 SAMTI

Probe SM 1811 EPG1 X2

Ligquid Body Liquid Walues: eps” : 32.7 sigma @ 1.94

Dristance berween dipole center and liquid 1000 mm

Area scan resolution dx=Ermm/dy=Rimm

Zoon Scan Resolution du=3mm/dy=3mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Ligquid Temperature 21 *C
Lab Temperature 21 °C
Lab Humidity 45 %%
Fregue
Ty 1 SAR (W leg/W) 10 g SAR W,k W)
measured measured
2450 50.63 (5.00) 23.40 [2.37)
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SAR REFERENCE DIFOLE CALIERATION REPORT

Ref: ACR. 1369 15.5aTU.A

8 LIST OF EQUIPMENT

Equipment Summary Sheet
uipment Manufacturer / Current Next Calibration
Equip Identification No.
Description Maodel Calibration Date Date
SAM Phantom MVG SN-20/09-SaM71 [/a8dated. Nocal - Validated. — No - cal
required. required.
COMOSAR Test Bench Version 3 A Validatad. Nocal — Validated.  No - cal
required. required.
Network Anahyzer | TO08 g'vi‘““rz SN100132 oziz021 2f2024
Calipers Carraera CALIPER-O01 022021 0212024
Reference Proba MV G EPG122 5N 18/11 o2r2021 ozf2022
Multimeter Kaithley 2000 1188656 022021 022024
Signal Generalar Agilent E4438C MY 42070581 022021 D2r2024
" Characterized prior io|Characterized prior lo
Ampiifier Asthercomm SN 048 lest. Mo cal required. |lesl. Mo cal required.
Powar Mater HF E44184 US3BZE1498 0272021 022024
Pawer Sensor HPF ECP-E26A US37181460 0zi2021 022024
' . Characterized prior to|Characterized prior o
Directional Coupler Marda 4216-20 01386 test N cal raquined. |test. No cal raquired.
Temperalure and
Humidity Sensor Contrel Company 11-661-9 0272021 0272024
Page: 11711
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Report No.: TCT220916E006

SAR Reference Dipole Calibration Report

Ref: ACR.156.10.15SATU.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 REFERENCE DIPOLE
FREQUENCY: 2600 MHZ
SERIAL NO.: SN 16/15 DIP 2G600-375

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

A,
EA
S

E ’,.r.'._‘_‘-“ 3 n 4
‘Qﬁ'\“ﬁ [ACCREDITED)

Calibration Date: 06/05/2021

Sumanary.

This docunsent presents the method and results from an accredited S AR reference dipole calibration
performed in MYVG USA wsing the COMOSAR test bench.  All calibration results are traceable 1o
natsonal metrology instinitions.
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Netrg Fnction Dare Signarre
Prepared by | Térdme LUC Produet Manager 06/03/2021 o=
Checked by : Jéréme LUC Product Manager 06/05/2021 ?’i—r
Approved by : Kim RUTKOWSKI Quality Manager 06/05/2021 Aol
Crustomer Nemeg
) SHENZHENM TCT TESTING
Distribution ;
TECHNOLOGY CO, LTD
Tssne Dare Maodificarions
A 06/05/2021 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACRI56.10.15.SATUA

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 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2600
Serial Number SN 16/15 DIP 2G600-375
Product Condition (new / used) Used

A yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

31 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 - MI'G COMOSAR Validation Dipole

Page: 4/11
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mvG SAR REFERENCE DIPOLE CALIBRATION REPORT Bref: ACE 1361015 5ATLUA

4 MEASUREMENT METHOD

The IEEE 15328, FCC KDBs and CEVIEC 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 RETUEN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retumn loss of -20
dB or better. The retun loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions 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.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Fregquency band Expanded Uncertainty on Return Loss

400-0MON Hz 0.1 dB

52 DIMENSION MEASUREMENT

The tollowing uncertainties apply to the dimension measurements:

Length {mm) Expanded Uncertainty on Length
3-300 (.05 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FOC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 20.3 %

Page: 3/11
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Eel ACE 156 10015 5ATU A

10g

20.1 %o

6 CALIBRATION MEASUREMENT RESULTS

6.1

RETUERN LOSS AND IMPEDANCE IN HEAD LIQUIT

2500
-

=20

Fraquency. MHz
2600

40 2%ED A0 220

240 2EED 2E80

2P0

Hotline: 400-6611-140

-
8-
20

[=] E‘

1>

B
-
o5
5
55
8-

Frequency (MHz) Return Loss (dB) Reguirement (dB) Impedance
2600 -22.81 -20 35301-51 10
6.2 RETURN LOSS AND IMPEDANCE [N BODY LICUIID
Frequency, MH;z
2500 X2 X0 28E0 A0 2800 X0 M40 EED A0
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -24.71 =20 51.501-55 102
6.3 MECHANICAL DIMENSIONS
Frequency b Hz L rrm hi d rmrm
required mexsured required measured required measured
300 A20.0 £1 % 250.0 1 % 6.35 #1 %K.
Page: &1
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SAR REFERENCE DIFOLE CALIBRATION REPORT Eel ACE 135 0 153ATILA
450 290.0 £1 %. 166.7 +1%. 6.35 11 %.
750 176.0 £1 %. 100.0 +1 %. 6.35 11 %.
E35 161.0 £1 %. HO.E 31 %. 36321 %
900 143.0 £1 %. 81331 % 36321 %
1450 £9.1+1 %. 517 11 %. 36321 %
1500 B0.5 +1 %. 500 41 %. 36321 %
1640 79.0 +1 % 457 11 %. 16321 %
1750 75.2 41 % 425931 % 36321 %
1800 TZO+1 % 417 11 %. 36321 %
1900 68.0 +1 %. 395 +1 %. 36321 %
1950 6.3 +1 %. 35 11 %. 36321 %
2000 64.5 +1 %. 375 11 %. 36321 %
2100 61.0 +1 %. 357 11 %. 36321 %
2300 55.5 +1 %. 326 11 %. 36321 %
2450 51541 % 304 31 %. 36321 %
2600 485 #1 % PASS WEH % PASS 1681 % PASS
3000 41541 % 250 41 %. 36321 %
3500 37.081 % 26.4 31 %. 36321 %
3700 T % 26.4 31 %. 36321 %

7 VALIDATION MEASUREMENT
The IEEE Std. 1528, FOC KDBs and CENIEC 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.

7.1 HEAD LIQOUID MEASTUREMENT

F""';,I"I:"“ Relative permittivity (8] Conductivity ] 5fm
required mieasured required measured
g 45325 % 0.87 £5 %
450 43525% 0.87 £5 %
750 419:5% 0.89 =5 %
835 415:25% 0.90 25 %
900 415:25% 0.97 £5 %
1450 40.525% 1.20 25 %
1500 40425 % 1.23:5%
1640 40.225% 131:5%
1750 40.125% 13725 %

st Be reproduced, exceps b fill ar i pary, wi f VG
ol Raevin i i e sl o is sashwrinied awd is nar i
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1800 400 5% 14025 %
1900 400 5% 14025 %
1950 400 5% 14025 %
00 400 5% 14025 %
2100 30E=5% 14925 %
2300 305:5% 16725 %
150 302:5% 18025 %
2600 300:5% PASS 10625 % PASS
3000 IR5:5% 24025 %
3500 379:5% 20185 %

72 SAR MEASUREMENT RESULT WITH HEAD LIOUID

The IEEE 5td. 15328 and CELVIEC 62209 standards state that the system validation measurements
should produce the SAR valwes 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.

Software OPENSAR V4

Phantom SN 2009 SAMTI

Probe SN IE11 EMG1 X2

Liguid Head Liguid Valaes: eps’ © 38.2 sigma : 1.93

Dristance berween dipole center and liquid

1020 mm

Area scan resolution

dx=Emm./dy=Rmm

Loon Scan Resolution

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

e Fedeied [ Whale OF Pl WIRhonT WITTET Qe

Hotline: 400-6611-140

i v it sl ¢

o

{af MVG

Tel: 86-755-27673339

Fax: 86-755-27673332

Fraquency 2600 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
F""";,I"I:""" 1 SAR (W, leg/ W] 10 g SAR W/ kg W]
required measured required measured
300 2BS 104
450 458 EX
750 249 5.55
815 9.56 622
90 109 B0
1450 29 16
1500 305 168
1640 342 184
1750 364 193
1800 IR4 201
Page: &/11
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Hotline: 400-6611-140

1900 307 05
1950 405 09
2000 411 211
2100 416 219
2300 487 233
2450 52.4 24
2600 55.3 54.31(5.26) 246 24.14(2.42)
000 618 57
3500 67.1 25
- )
M= \ ] ‘
. B
Fy B
— TN
]
20 \"‘- ]
[ | U R e e R
1] U | O U [ O T i e T, S 1]
i Vinat !
7.3 BODY LIOQUID MEASUREMENT
FrE:IuI:mr Relative permittivity (8] Conductivity (] Sfm
reguired messured requined measured
150 E1025% 0.80 35 %
300 SEIs5% 0.92 35 %
450 56.725% 0.94 35 %
750 E5525% 0.95 35 %
B35 55.235% 0.97 5%
900 SED25% 1.05 £5 %
915 SE085% 1.06 £5 %
1450 S4025% 1.30 #5 %
1610 51Es5% 1.40 #5 %
1800 533:5% 152 $5 %
1900 533:5% 152 $5 %
2000 533:5% 152 $5 %
2100 532:5% 162 #5 %
2450 51 7:5% 1.95 #5 %

Tel: 86-755-27673339

vt wrirken approsal af PG
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Rel: ACRE 136 1013 5ATULA

2600 515:5% PASS 20685 % PASS
3000 52.025% 27385 %
3500 51.3:5% 3185 %
5200 49.0 £10% 5.30 £10%
5300 489 210% 5.42 £10%
5400 437 #10% 553 410%
5500 486 210% 565 £10%
5600 485 210% EIT£I0%
SE00 482 #10% 6.00 £10%

74 SAR MEASUREMENT RESULT WITH BODY LICUID

Hotline: 400-6611-140

Tel: 86-755-27673339

Software DOPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 1811 EMG1X
Liquid Body Liquid Walues: eps” : 51.6 sigma : 2.21
Dristance between dipole center and liquid 10.0 mm
Area scan resolution dx=Ermm/dy=Rmm
Loon Scan Resolution dx=5mm/dy=3mm/dz=5mm
Freguency 2600 MHz
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 45 %
Fregue
S 1 SAR Wk W) 10 SAR (W ke W)
measured measured
2600 53,36 (5.12) 2389 [2.30]
it
\ ] 1
EEEE
A=
3 ai-
TN
3 4 o
\‘:—"‘-.‘
ae | LT |
B BN EDAANERD
- v = |
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& LIST OF EQUIPMENT

Equipment Summary Sheet

T e
SAM Phantom MVG SN-20/09-SAM71 ;zil‘f::‘_" Nocal  paldated Mo cal
COMOSAR TestBench|  Version 3 NA aldated. Nocal  Y/alidated. o cal
Network Anaiyzer | RPOded Schwa | gyi0013 0202021 0212024
Calipers Carrera CALIPER-01 0212021 022024
Reference Probe MVG EPG122 SN 181 0212021 0212022
Multimeter Keithley 2000 1188656 022021 0212024
Signal Generator | Agilent EA438C |  MY49070581 0212021 0212024
Ampifer Aethercomm NS [ remnired |1ost Mo ea reves.
Power Metar HP E44184 US38261498 0212021 0212024
Power Sensor HP ECP-E26A US3T181460 0212021 02/2024
Directional Coupler | Narda 4216-20 01386 ‘;’;t“wmgl for o Iﬁﬁ“fﬁg;‘;mﬁ“
Eﬁﬁ;“&“ﬂﬁ Control Company 11-861-8 08i2021 082022
Page: 11714
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Appendix E: SAR SYSTEM VALIDATION

Per FCC KDB 865664 D02v01, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system
validation, according to the procedures outlined in FCC KDB 865664 D01 v01 and IEEE 1528-2013.
Since SAR probe calibrations are frequency dependent, each probe calibration point was validated at a
frequency within the valid frequency range of the probe calibration point, using the system that normally
operates with the probe for routine SAR measurements and according to the required tissue-equivalent
media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.
SAR System Validation Summary

ggg,a glgll?\ll\a CW Validation Mod. Validation
Date [I;;:a_('].] Psr?lze Ttissue orob orob Vod out Peak to
z ype L robe robe od. uty | average
(©) (er) sensitivity linearity | isotropy type factor power
ratio
SN
36/20EP
09/02/2022 2450 GO Body 52.10 2.01 PASS PASS PASS OFDM | PASS N/A
346
SN
36/20EP
09/02/2022 2600 GO Body 52.50 2.16 PASS PASS PASS OFDM | PASS N/A
346

NOTE: While the probes have been calibrated for both a CW and modulated signals, all measurements
were performed using communication systems calibrated for CW signals only. Modulations in the table
above represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01 for scenarios when CW probe calibrations are used with other signal types.
SAR systems were validated for modulated signals with a periodic duty cycle, such as OFDM according to
KDB 865664.

Page 76 of 78

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




TCT

Report No.: TCT220916E006

Appendix F: The Check Data of Impedance and Return Loss

The information are included in the SAR report to qualify for the three-year extended calibration

interval,
Impedance in body liquid Date: 09/01/2022
Temp Dipole Impedance Re(z) Dipole Impedance Im(z)
Freq. (MHz) .
() measured | Target | A (£5Q) | measured Target A (£50)
835 22 49.3 47.1 2.2 6.3 5.60 0.7
1800 22 46.5 47.2 -0.7 -6.1 -5.10 -1.0
1900 22 50.3 48.1 2.2 5.3 6.40 -1.1
2450 22 45.9 48.7 -2.8 0.6 -1.90 2.5
2600 22 52.3 51.8 0.5 5.7 5.5 0.2
5200 22 49.02 50.01 -0.99 5.52 5.70 -0.18
5300 22 49.55 51.11 -1.56 5.46 5.64 -0.18
5600 22 47.60 48.59 -0.99 5.39 5.52 -0.13
5800 22 47.81 48.33 -0.52 5.56 5.61 -0.05
Return loss in body liquid Date: 09/01/2022
Freq. (MHz2) Teomp Return loss(dB)
(€) measured Target A (£20%)

835 22 -25.99 -23.99 8.34

1800 22 -23.66 -24.67 -4.09

1900 22 -21.65 -23.50 -7.87

2450 22 -34.65 -32.86 5.45

2600 22 -23.56 -24.71 -4.65

5200 22 -32.66 -34.56 1.90

5300 22 -33.71 -31.44 -2.27

5600 22 -34.22 -32.85 -1.37

5800 22 -32.14 -33.65 151
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2 L Freq. Temp er / relative permittglit(er a(s/m) / conductivity 0
(MHz) | (C) | measured | Target ) measured Target | A (+5%) | (kg/m3)
0
835 22 55.13 55.20 -0.13 0.95 0.97 -2.06 1000
1800 22 53.60 53.30 0.56 1.50 1.52 -1.32 1000
1900 22 53.11 53.30 -0.36 1.56 1.52 2.63 1000
2450 22 52.10 52.70 -1.14 2.01 1.95 4.00 1000
Body | 2600 22 52.31 52.50 -0.36 212 2.16 -1.85 1000
5200 22 49.02 50.01 -0.99 5.52 5.70 -0.18 1000
5300 22 49.55 51.11 -1.56 5.46 5.64 -0.18 1000
5600 22 47.60 48.59 -0.99 5.39 5.52 -0.13 1000
5800 22 47.81 48.33 -0.52 5.56 5.61 -0.05 1000
Calibration
Test Equipment Manufacturer Model Serial Number Calg);?etlon Calibration Due
(D.MLY) (D.M.Y)
Signal Generator Angilent N5182A MY47070282 Jun. 08, 2022 Jun. 07, 2023
Multimeter Keithley Multimeter 2000 4078275 Jun. 08, 2022 Jun. 07, 2023
Network Analyzer Agilent 8753E US38432457 Jun. 08, 2022 Jun. 07, 2023
Power Meter Agilent E4418B GB43312526 Jun. 08, 2022 Jun. 07, 2023
Power Sensor Agilent E9301A MY 41497725 Jun. 08, 2022 Jun. 07, 2023
Power Amplifier PE PE15A4019 112342 N/A N/A
Temperatsuggsg 'r"”m'd'ty Control company TH101B 152470214 Jun. 08,2022 | Jun. 07, 2023

Hotline: 400-6611-140
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