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1. Administrative Data

1.1 Testing Laboratory

Test Site:

Address:

CNAS Lab Code:

NVLAP Lab Code:

FCC Registration:

ISED Registration:

Test Environment
Condition:

CCIC Southern Electronic Product Testing (Shenzhen) Co., Ltd

Electronic Testing Building, No. 43 Shahe Road, Xili Jiedao, Nanshan
District, Shenzhen, Guangdong, China

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 NVLAP
according to ISO/IEC 17025. The accreditation certificate number is
201008-0.

CCIC Southern Electronic Product Testing (Shenzhen) Co., Ltd. EMC
Laboratory has been registered and fully described in a report filed with
the FCC (Federal Communications Commission). The acceptance letter
from the FCC is maintained in our files. Designation Number: CN5031,
valid time is until December 31, 2018.

CCIC Southern Electronic Product Testing (Shenzhen) Co., Ltd. EMC
Laboratory has been registered by Certification and Engineering Bureau
of Industry Canada for the performance of radiated measurements with
Registration No. 11185A-1 on Aug. 04, 2016, valid time is until Aug.
03, 20109.

Temperature (°C): 21°C
Relative Humidity (%): 60%
Atmospheric Pressure (kPa): 86KPa-106KPa
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2. Equipment Under Test (EUT)

Identification of the Equipment under Test

Device Type:
Exposure Category:
Sample Name:
Trade Name:

Brand Name:

Model Name:

General
description:

NOTE:

Portable

Population/Uncontrolled

FLX Display Module
ROYOLE

\

RY0603

Support Band

Test Band

Device Class
Development Stage
Accessories
Antenna type
Operation mode
Modulation mode
Max. RF Power

Max. Report SAR

WIFI 2.4G , Bluetooth

WIFI 2.4G 802.11b, Bluetooth

Class B

Identical Prototype

Power Supply

Internal Antenna

WIFI,BT

WIFI(OFDM/DSSS),BT(GFSK/ n /4-DQPSK/8-DPSK)
11.97dBm

Body: 1.137W/kg(Limit:1.6W/Kg, Omm distance)

a. The above EUT's information was declared by manufacturer. Please refer to the
specifications or user's manual for more detailed description.
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3. Specific Absorption Rate (SAR)

4.1 Introduction

SAR is 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 (). The equation description is as below:

d(dwy _d[dw)
dt\ dm) dil pdv)

SAR is expressed in units of Watts per kilogram (W/kg)
SAR measurement can be either related to the temperature elevation in tissue by

a1
SAR= C—

o
where C is the specific head capacity, ¢ T is the temperature rise and ¢ t the exposure
duration, or related to the electrical field in the tissue by

sar= ZEL

where 0o 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.

SAR =

CCIC-SET/T-I (00) Page 6 of 50
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4.2 Applicable Standards and Limits
4.2.1 Applicable Standards

A7CFR §2.1093

Radiofrequency Radiation Exposure Evaluation: Portable Devices

RSS-102

Radio Frequency Exposure Compliance of Radiocommunication Apparatus
(All Frequency Bands)(Issue 5 of March 2015)

ANSI C95.1-1992

Safety Levels with Respect to Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz — 300 GHz.( IEEE Std C95.1-1991)

IEEE 1528-2013

IEEE Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques

IEC 62209-2:2010

Human exposure to radio frequency fields from hand-held and bodymounted
wireless communication devices Human models, instrumentation, and
procedures Part 2: Procedure to determine the specific absorption rate (SAR)
for wireless communication devices used.

KDB 248227 D01

v02r02 802.11 Wi-Fi SAR

KDB 447498 D01

v06 General RF Exposure Guidance

KDB 865664 D01

v01r04 SAR Measurement 100MHz to 6GHz

KDB 865664 D02

v01r02 SAR Exposure Reporting

4.2.2 RF exposure Limits

Human Exposure UncontrOIIEd EnVironment

General Population

Spatial Peak SAR*

(Brain/Body) 1.60 mW/g
Spatial Average SAR**
(Whole Body) 0.08 mWi/g
Spatial Peak SAR***
4.00 mW/g

(Limbs)

The limit applied in this test report is shown in bold letters.

Notes:

* 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

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

***  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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4.3 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 6mm).

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

4.4 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 point (ERP). Thus the device needs no repositioning when changing the
angles.

Device holder

CCIC-SET/T-I (00) Page 8 of 50
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4.5 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.
Frequency 700 MHz to 3 GHz;
Linearity: £ 0.5 dB (700 MHz to 3 GHz)
Directivity 1 0.25 dB in HSL (rotation around probe axis)
1 0.5 dB in tissue material (rotation normal to probe
axis)
Dynamic Range 1.5 uW/g to 100 mW/g;

Linearity: £ 0.5 dB

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

Application General dosimetry up to 3 GHz
Dosimetry in strong gradient fields
Compliance tests of RY0603 LTE USB Modems

Compatibility COMOSAR

Isotropic E-Field Probe

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:

DIPOLE SENSOR

HIGH-RESISTANCE LINES /

A-BEAM I-BEAM

CCIC-SET/T-I (00) Page 9 of 50
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4. Tissue check and recommend Dielectric Parameters

4.1 Tissue Dielectric Parameters for Head and Body Phantoms

The head tissue dielectric parameters recommended by the IEEE SCC-34/SC-2 in
P1528 have been incorporated in the following table. These head parameters are derived
from planar layer models simulating the highest expected SAR for the dielectric properties
and tissue thickness Power drifts in a human head. Other head and body tissue parameters
that have not been specified in P1528 are derived from the tissue dielectric parameters
computed from the 4-Cole-Cole equations described in Reference [12] and extrapolated
according to the head parameters specified in P1528.

Table 1: Recommended Dielectric Performance of Tissue

Ingredients Frequency (MHz)
(% by
weight ) 450 835 915 1900 2450 2600
Tissue Type | Head | Body | Head | Body Head Body | Head Body Head | Body | Head | Body
Water 38.56 | 51.16 | 41.46 | 524 41.05 56.0 54.9 40.4 62.7 73.2 | 55.24 | 64.49
Salt (Nacl) 3.95 1.49 1.45 1.4 1.35 0.76 0.18 0.5 0.5 0.04 0.5 0.024
Sugar 56.32 | 46.78 | 56.0 45.0 56.5 41.76 0.0 58.0 0.0 0.0 0.0 0.0
HEC 0.98 0.52 1.0 1.0 1.0 1.21 0.0 1.0 0.0 0.0 0.0 0.0
Bactericide 0.19 0.05 0.1 0.1 0.1 0.27 0.0 0.1 0.0 0.0 0.0 0.0
Triton x-100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 36.8 0.0 4445 | 32.25
DGBE 0.0 0.0 0.0 0.0 0.0 0.0 44.92 0.0 0.0 26.7 0.0 26.7
Dielectric
4342 | 58.0 | 4254 | 56.1 42.0 56.8 39.9 54.0 39.2 52.5 39.0 52.5
Constant
Conductivity
(s/m) 0.85 0.83 0.91 0.95 1.0 1.07 1.42 1.45 1.80 1.78 1.96 2.16
s/m

CCIC-SET/T-I (00)
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Table 2 Recommended Tissue Dielectric Parameters

Head Tissue Body Tissue
Frequency (MHz)
& o(S/m) & o(S/m)
150 52.3 0.76 61.9 0.80
300 45.3 0.87 58.2 0.92
450 43.5 0.87 56.7 0.94
835 41.5 0.90 55.2 0.97
900 41.5 0.97 55.0 1.05
915 41.5 0.98 55.0 1.06
1450 40.5 1.20 54.0 1.30
1610 40.3 1.29 53.8 1.40
1800-2000 40.0 1.40 53.3 1.52
2450 39.2 1.80 52.7 1.95
3000 38.5 2.40 52.0 2.73
5800 35.3 5.27 48.2 6.00

4.2 Simulate liquid

Liquid check results:

Table 3: Dielectric Performance of Body Tissue Simulating Liquid

Temperature: 23.2°C; Humidity: 64%;
/ Frequency Permittivity € Conductivity o (S/m)
Target value 2450MHz 52.7+5% 1.95+5%
2412MHz 52.49 1.94
Validation value 2437MHz 52.56 1.94
(2018-11-06) 2450MHz 52.56 1.94
2462MHz 52.58 1.94

CCIC-SET/T-I (00)
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5. SAR System validation

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:

Tuning
alsment

Fhat P haniom

CHipole

-Signal
Generator

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/T-I (00) Page 12 of 50
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The measured 1-gram averaged SAR values of the device against the phantom are
provided in Tables 5 and Table 6. The humidity and ambient temperature of test facility
were 64% and 23.2°C respectively. The body phantom were full of the body tissue
simulating liquid. The EUT was supplied with full-charged battery for each measurement.

The distance between the back of the EUT and the bottom of the flat phantom is 10 mm
(taking into account of the IEEE 1528 and the place of the antenna).

Table 4: Body SAR system validation (1g)

Frequenc Dutv cvcle Target value Test value (W/kg)
anensy Yoy (W/kg) 10 mW W
2450MHz(2018-11-06) 1:1 52.66+10% 0.5257 52.57

* Note: Target value was referring to the measured value in the calibration certificate of reference dipole.
Note: All SAR values are normalized to 1W forward power.

CCIC-SET/T-I (00) Page 13 of 50
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6. SAR measurement procedure

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

( Preparation of System ]

=~
" )
Operational Mode Measurement 6.6.3
~ ) ‘ Reference Measurement (Step 1) |
( / Configuration
l ‘ Area Scan (Step 2) |
- - ~ N
~ f——‘ Zoom Scan {Step 3) |
g )
Left Right ‘ Reference Measurement (Step 4) |
v
Cheek 15° tilted Peak in cube?
Y NO
. J Shift YES
- cube
S—— center
Measurement 6.6.3 All primary and
at center frequency secondary peaks
NO tested?

S~ Select YES

next
Lo > All tests of \ peak ! )
~ S Step 1 done?
NO

<> ves

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

<_F

Frequency A
| Lower Upper <\ ™

~_=
(Measurement 6.6.3 ]

Worst-case NO
configuration AND all J
configurations of less Q > v
than -3dE of applicable

limit tested?

YES

( Determination of maximum ]

Establish a call with the maximum output power with a base station simulator, the
connection between the EUT and the base station simulator is established via air interface.

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/T-I (00) Page 14 of 50
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7. Conducted RF Output Power

7.1 WLAN 2.4GHz Band Conducted Power

Channel/Freq.(MHz)

Maximum Conducted Out Power (dBm)

802.11b 802.11g 802.11n(HT20)
1(2412) 11.69 9.57 10.09
6(2437) 11.85 9.71 11.22
11(2462) 11.97 9.88 10.92

Channel/Freq.(MHz)

Maximum Conducted Out Power (dBm)

802.11n40
3(2422) 10.08
6(2437) 9.78
9(2452) 10.88

Note:

1. Per KDB248227 D01 v02r02, choose the highest output power channel to test SAR and determine further

SAR exclusion

2. For each frequency band, testing at higher data rates and higher order modulations is not required when
the maximum average output power for each of these configurations is less than 1/4dB higher than those

measured at lowest data rate
3. Per KDB248227 D01 v02r02, 802.11g /11n-HT20/11n-HT40 is not required. . When the highest reported

SAR for DSSS is adjusted by the ratio of OFDM to DSSS specified maximum output power and the

adjusted SAR is £1.2W/Kg. Thus the SAR can be excluded.

7.2 Bluetooth Output Power

Channel Frequency BT3.0 Output Power(dBm)
(MHz) GFSK n /4-DQPSK 8-DPSK
CHO 2402 6.64 7.58 7.89
CH 39 2441 6.03 6.97 7.28
CH 78 2480 5.16 6.15 6.25
Channel Frequency BT4.0 Output Power(dBm)
(MHz) GFSK
CHO 2402 7.979
CH 20 2442 7.560
CH 39 2480 6.449

CCIC-SET/T-I (00)
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Antenna Location:

Edge C
WIFI/BT- Antenna
Antenna-to-User (Edge Side) distance (mm):
Antenna Front Back Edge A Edge B Edge C Edge D
WIFI Antenna 7 1 108 42 3.5 4
Note: The diagonal distance of the overall section is 15¢cm.
The Body SAR measurement positions of each band are as below:
Antenna Front Back Edge A Edge B Edge C Edge D
WIFI Antenna Yes Yes No No Yes Yes
Body-worn

Note: According to KDB 941225 D06 v02r01, when antenna-to-edge>2.5cm, SAR is not required.

CCIC-SET/T-I (00)
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8. Scaling Factor calculation

, Output Tune up Power in Scaling
Operation Mode Channel Power(dBm) tolerance(dBm) Factor
1 11.69 1.5 = 1.0 1.205

WIFI 2.4G 802.11b 6 11.85 115 = 1.0 1.161
11 11.97 115 = 1.0 1.130

CHO 7.979 7.0 £ 1.0 1.005

BT 4.0 CH 20 7.560 7.0 £ 1.0 1.107

CH 39 6.449 7.0 £ 1.0 1.429

CCIC-SET/T-I (00) Page 17 of 50
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9. Test Results

Table 1: SAR Values of Wi-Fi 2.4G 802.11b

Channel SAR(W/Kg), 1.6 (1g average) Plot
Test Positions /Frequency | SAR(W/ | Scaled Scaled Power
(MHz) Kg)1g Factor | SAR(W/Kg),1g | drift (%) No.
Face Upward 11/2462 0.210 1.130 1.340 0.43 --
1/2410 0.909 1.205 1.095 1.28 -
Back Upward 6/2437 0.979 | 1.161 1.137 -4.24 1
Body 11/2462 0.933 | 1.130 1.054 2.11 -
(Omm Back Uoward 1/2410 0.874 | 1.205 1.053 3.05 -
; ac war
Separation) P 6/2437 0956 | 1.161 1110 032 | -
(Repeated)
11/2462 0.915 1.130 1.095 2.71 --
Edge C 11/2462 0.101 1.130 0.114 -3.05 --
Edge D 11/2462 0.088 1.130 0.099 0.54 --
Table 2: SAR Values of BT 4.0
Channel SAR(W/Kg), 1.6 (1g average) Plot
Test Positions /Frequency | SAR(W/ | Scaled Scaled Power
(MHz) Kg)1g Factor | SAR(W/Kg),1g | drift (%) No.
Face Upward CH 0/2402 0.065 1.005 0.065 2.42 -
Body CH 0/2402 0.350 1.005 0.352 3.04 2
(Omm Back Upward | cH20/2442 | 0.336 | 1.107 0.372 244 | -
Separation) CH 39/2480 0.293 1.429 0.419 1.21 -
Edge C CH 0/2402 0.037 1.005 0.037 0.34 --
Edge D CH 0/2402 0.026 1.005 0.026 -2.17 --
Note:

Per KDB941225 D06 v02r01, When the antenna-to-edge distance is greater than 2.5cm, such position
does not need to be tested. As the manufacture requirement the separation distance use 5mm for
Hotspot mode.

Per KDB Publication 941225 D01v03r01. RMC 12.2kbps was as primary mode SAR, when the primary mode
SAR less than 1.2W/kg, secondary SAR (HSPA) was not requires.

When the 1-g SAR for the mid-band channel or the channel with the highest output power satisfy the
following conditions, testing of the other channels in the band is not required. (Per KDB 447498 D01
General RF Exposure Guidance v06)

* < 0.8 W/kg, when the transmission band is < 100 MHz

* < 0.6 W/kg, when the transmission band is between 100 MHz and 200 MHz

* < 0.4 W/kg, when the transmission band is = 200 MHz

Note: WIFI cannot transmit with BT At the same time

CCIC-SET/T-I (00) Page 18 of 50
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10.Measurement Uncertainty

] » Standard | Degree of
) Uncertainty | Probability ) )
No. Uncertainty Component |Type k ci Uncertainty | freedom

Value (%) | Distribution ) )
(%) ui(%) |Veff orvi

Measurement System

1 —Probe Calibration B 5.8 N 1 1 5.8 0
2 — Axial isotropy B 3.5 R \/§ 0.5 1.43 ©
3 —Hemispherical Isotropy B 59 R \/§ 0.5 2.41 o
4 —Boundary Effect B 1 R \/§ 1 0.58 0
5 —Linearity B 4.7 R \/§ 1 2.71 ©
6 —System Detection Limits B 1.0 R \/§ 1 0.58 o
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 o
10 —Integration Time B 3.0 R \/§ 1 1.73 o
11 —RF Ambient Conditions B 3.0 R \/§ 1 1.73 0

—Probe Position Mechanical

12 B 1.4 R \/§ 1 0.81 0
tolerance
—Probe Position with
13 B 1.4 R \/§ 1 0.81 i
respect to Phantom Shell
—Extrapolation,
Interpolation and Integration
14 B 2.3 R \/§ 1 1.33 o

Algorithms for Max. SAR

evaluation
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Uncertainties of the DUT

15 —Position of the DUT A 2.6 N \/§ 1 2.6 5

16 —Holder of the DUT A 3 N \/§ 1 3.0 5
—Output Power Variation

17 B 5.0 R \/§ 1 2.89 0

—SAR drift measurement

Phantom and Tissue Parameters

—Phantom
18 Uncertainty(shape and B 4 R \/§ 1 2.31 0

thickness tolerances)

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

permittivity and conductivity)

—Liquid Conductivity Target \/—
20 B 25 R 3 06 1.95 %
—tolerance
—Liquid Conductivity
21 B 4 N \/§ 1 0.92 9
—measurement Uncertainty)
—Liquid Permittivity Target \/—
22 B 25 R 3 06 1.95 0
tolerance
—Liquid Permittivity
23 B 5 N \/§ 1 1.15 0
—measurement uncertainty
Combined Standard Uncertainty RSS 10.63
Expanded uncertainty
K=2 21.26

(Confidence interval of 95 %)

System Check Uncertainty

] . Standard | Degree of
) Uncertainty | Probability ) )
No. Uncertainty Component |Type k ci Uncertainty | freedom

Value (%) | Distribution . )
(%) ui(%) |Veff orvi

Measurement System

1 —Probe Calibration B 5.8 N 1 1 5.8 o

CCIC-SET/T-I (00) Page 20 of 50
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—Axial isotropy 3.5 R \/§ 0.5 1.43 0
3 —Hemispherical Isotropy 59 R \/§ 0.5 2.41 o
4 —Boundary Effect 1 R \/§ 1 0.58 o
5 —Linearity 4.7 R \/§ 1 2.71 ©
6 — System Detection Limits 1 R \/§ 1 0.58 o
7 Modulation response 0 N 1 1 0.00
8 —Readout Electronics 0.5 N 1 1 0.50 0
9 —Response Time 0.00 R \/§ 1 0.00 o
10 —Integration Time 14 R \/§ 1 0.81 o
11 —RF Ambient Conditions 3.0 R \/§ 1 1.73 0
—Probe Position Mechanical
12 1.4 R \/§ 1 0.81 0
tolerance
—Probe Position with respect
13 1.4 R \/§ 1 0.81 oy
to Phantom Shell
— Extrapolation, Interpolation
14 | and Integration Algorithms for 23 R \/§ 1 1.33 e
Max. SAR evaluation
Uncertainties of the DUT
Deviation of experimental
15 source from numberical 4 N 1 1 4.00 5
source
Input Power and SAR drift
16 5 R \/§ 1 2.89 5
measurement
Dipole Axis to Liquid
17 2 R \/§ 1 1.2 o
Distance
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Phantom and Tissue Parameters

—Phantom
18 Uncertainty(shape and B 4 R \/§ 1 2.31 o

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 3 0.6 1.95 )
—tolerance
—Liquid Conductivity
21 B 4 N \/§ 1 0.92 9
—measurement Uncertainty)
—Liquid Permittivity Target \/—
22 B 25 R 3 0.6 1.95 %
tolerance

—Liquid Permittivity
23 B 5 N \/§ 1 1.15 ©
—measurement uncertainty

Combined Standard Uncertainty RSS 10.15

Expanded uncertainty
K=2 20.29

(Confidence interval of 95 %)

CCIC-SET/T-I (00) Page 22 of 50
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11.Equipment List

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
|X| SAR Probe SSE5 SN 43/15 EP276 2017/11/27 2018/11/26
I:' Dipole SID750 SN 23/15 DIPOG750-378 2017/11/27 2018/11/26
I:' Dipole SID850 SN 09/13 DIP0G835-217 2017/11/27 2018/11/26
I:' Dipole SID900 SN 09/13 DIP0G900-215 2017/11/27 2018/11/26
I:' Dipole SID1800 SN 09/13 DIP1G800-216 2017/11/27 2018/11/26
I:' Dipole SID1900 SN 09/13 DIP1G900-218 2017/11/27 2018/11/26
|:| Dipole S1D2000 SN 09/13 DIP2G000-219 2017111/27 2018/11/26
|E Dipole S1D2450 SN_09/13_DIP2G450-220 2017111/27 2018/11/26
I:' Dipole S1D2600 SN 32/14_DIP2G600-338 2017111/27 2018/11/26
I:' SAR Probe SSE2 SN27/15 EPGO261 2017111/27 2018/11/26
I:' Dipole SWG5500 SN15/15 WGA39 2017/11/27 2018/11/26
|E Multimeter Keithley-2000 4085310 2018/09/05 2019/09/04
|E System Simulator(R&S) CMU200 A0304212 2017/11/08 2018/11/07
X] | system Simulator(Agilent 8960) E5515C GB 47200710 2017/11/08 2018/11/07
|E System Simulator(R&S) CMW500 130805 2017/08/29 2018/08/28
|Z| Vector Network Analyzer(R&S) ZVB8 A0802530 2018/05/09 2019/05/08
|X| PC 3.5 Fixed Match Calibration Kit ZV-Z32 100571 2017/11/29 2018/11/28
|X| Dielectric Probe Kit SCLMP SN 09/13 OCPG51 2017/11/27 2018/11/26
|Z| Signal Generator SMU200A A140801889 2018/05/09 2019/05/08
|Z| Amplifier Nucletudes 143060 2018/03/27 2019/03/28
|Z| Directional Coupler DC6180A 305827 2018/03/27 2019/03/28
|E Power Meter NRP2 A140401673 2018/03/27 2019/03/28
|E Power Sensor NPR-Z11 1138.3004.02-114072-nq 2018/03/27 2019/03/28
|E Power Meter NRVS A0802531 2018/03/27 2019/03/28
|X| Power Sensor NRV-z4 100069 2018/03/27 2019/03/28

CCIC-SET/T-I (00)
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ANNEX A: Appendix A: SAR System performance Check Plots

System Performance Check (Body, 2450MHz)

Type: Phone measurement
Area scan resolution: dx=8mm,dy=8mm
Zoom scan resolution: dx=5mm, dy=5mm, dz=4mm
Date of measurement: 06/11/2018
Measurement duration: 22 minutes 38 seconds
A. Experimental conditions.

Phantom File dx=8mm dy=8mm
Phantom 7X7x8,dx=5mm dy=5mm dz=4mm
Device Position Dipole
Band 2450MHz
Channels
Signal CwW
B. SAR Measurement Results
Band SAR
E-Field Probe SATIMO SN_43/15 EP276
Frequency (MHz) 2450
Relative permittivity (real part) 52.56
Relative permittivity 15.15
Conductivity (S/m) 1.94
Power Drift (%) -0.26
Duty factor: 1:1
ConvF: 4.61
SURFACE SAR VOLUME SAR

Maximum location: X=22.00, Y=15.00

SAR 10g (W/Kg) 0.226964
SAR1g (WIKQg) 0.512794

CCIC-SET/T-1 (00) Page 24 of 50
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Z (mm) 0.00 4.00 9.00 14.00 19.00
SAR (W/KQg) 0.9460 0.5392 0.2513 0.1157 0.0579
0.9-
0.8
\
W 0.8 \.\
S \
5 0.4 t\
[55]
0.2 \s_‘
0.0-| o .
0 2 4 B 8 1012 14 16 18 20 22 24 25 28 30
Z (mm)

3D screen shot Hot spot position
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ANNEX B: Appendix B: SAR Measurement results Plots

Plot 1: WIFI 802.11b, Back, Middle ,0mm

Type: Phone measurement

Date of measurement: 06/11/2018
Measurement duration: 22 minutes 15 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 Back

Band WIFI 802.11b

Channels 6

Signal DSSS (Duty cycle: 1:1)

B. SAR Measurement Results

E-Field Probe SATIMO SN_43/15_EP276

Frequency (MHz) 2437

Relative permittivity (real part) 52.56

Relative permittivity (imaginary | 15.15

Conductivity (S/m) 1.94
Variation (%) -2.72
ConvF: 4.61
SURFACE SAR VOLUME SAR

Velume Eudisted

e

Maximum location: X=6.00, Y=41.00
SAR 10g (W/Kg) 0.375530
SAR 1g (WI/Kg) 0.978526
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Z (mm)

0.00

4.00

9.00

14.00

19.00

1.8836
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0.0752
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.50
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3D screen shot

Hot spot position
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Plot 2: BT 4.0, Back, Low ,0mm

Type: Phone measurement
Date of measurement: 06/11/2018

Measurement duration: 22 minutes 13 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 Back

Band Bluetooth

Channels 0

Signal BT 4.0 (Duty cycle: 60%)

B. SAR Measurement Results

E-Field Probe SATIMO SN_43/15_EP276
Frequency (MHz) 2402

Relative permittivity (real part) 52.56

Relative permittivity (imaginary | 15.15

Conductivity (5/m) 1.94

Variation (%) -0.70

ConvF: 4.61

SURFACE SAR

F 1t T e

VOLUME SAR

Velume Eudisted

Maximum location: X=-8.00, Y=57.00
SAR Peak: 0.64 W/kg

SAR 10g (W/KQg)

0.134918

SAR1g (WIKQg)

0.349607

CCIC-SET/T-I (00)
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Z fmm)

Z (mm) 0.00 4.00 9.00 14.00 19.00
SAR (W/KQg) 0.8368 0.4686 0.2116 0.0932 0.0443
0.8-
0.7 \
\\
0.6
%" 0.5 \1
= 0.4 \\
E 0.3 \‘
0.z \L"“'--.
0.1 [
0.0-| ,
0 2 4 B 5 10 17 14 16 15 20 27 24 26 25 30

3D screen shot

Hot spot position
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ANNEX C: Appendix C: Calibration reports

EP276 Probe Calibration Report

COMOSAR E-Field Probe Calibration Report

Refl: ACR332.1.175ATUA

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD
ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI JIEDAO, NANSHAN DISTRICT
SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR DOSIMETRIC E-FIELD PROBE

SERIAL NO.: SN 43/15 EP276

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

ACCREDITED

Calibration Date: 11/27/17

Sy

This document presents the method and results from an aceredited COMOSAR Dosimetric E-Field
Probe calibration performed in MYVG USA using the CALISAR / CALIBAIR test bench, for wse
with a OOMOSAR system only.  All calibration results are troceable to national metrology
institutions.
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Fef: ACKIZ2 L7 5ATULA

Natie Flrerrcrion Dyate Sighatire
Prepared by Jérdme LUC Product Manager | 1/28/2017 ;jﬁ
Checked by : Jérdme LUC Product Manager 11/28/2017 =
Approved by : Kim RUTKOWSKI Quality Manager L1/28/2017 /

fxspe

Cusiomer Name

Distreibtion

CCIC SOUTHERN
ELECTRONIC
PRODUCT
TESTING
(SHEMZHEM) Co,
Lid

Date

Modificaiions

A

117282017

Initial release

Fage: 29

Tl dvrcamead sivail nod S repradmesd, cecepl fe Sl or in pard, wilBoud e waien apaoeoal o W

Tl Auforosadine

wnfcried ferein 07 foe dwe s oo

he releaeed i witale ar pad widko woiten aooroen’ of WG

¥ preerpcene for wilicth T i sebmiaed angd’ G o po

CCIC-SET/T-I (00)

Page 31 of 50




)

CIC
&~/ Report No. SET2018-13537

COMOSAR E-FIELD PROBE CALIBRATION REPORT Rl ACR 332 L1TSATILA
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ruf: ACRIZ2LITSATLLA

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MYVG

Model S55ES

Serial Number SN 43715 EP2ZTG

Product Condition (new / used) Used

Frequency Range of Probe | 0.7 GHz-3GH=

Resistance of Three Dipoles at Connector Dipole 1: RI=0.213 M2
Dipole 2: R2=0.208 M)
| Dipode 3: R3=0.213 MO

A yearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MYVG s COMOSAR E held Prabes are built in accordance to the IEEE 1528, OET 65 Bulletin C and
CEVIEC 622009 standards.

Figure 1 - MV COMOSAR Dosimerric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 4.5 mm
Maximum exiemnal diameter £ mm
Probe Tip External Diameter 5 mm
Distance between dipoles ¢ probe extremity | 2.7 mm

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C, CENELEC EN530361 and CEVIEC 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: 49
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mwis COMOSAR E-FIELD PROBE CALIBRATION REPORT Fuf: ACR.332.117.5ATLLA

32  SENSITIVITY
The sensitivity factors of the three dipoles were determined vsing 2 two step calibration method (air
and tissue simulating hiquid) using waveguides as outhined in the standards.

33 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement sei up as used for the lineaniy
measurement. The required lower detection limit 15 10 mW/kg.

i4 ISOTREOPY

The axial sotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom im the test configuration suggested lor sysiem
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 depree
steps.  The hemisphencal isotropy 15 determined by inserting the probe in a thin plastic box filled
with tssue-equivalent liquid, with the plastic box illuminated with the Oelds from a hall wave dipole.
The dipole is rotated about its axis (0°—180°) in 13° incremenis. At each step the probe 15 rotated
about 1ts axis (073607,

3.5 BOUNDARY EFFECT
The boundary effect is defined as the deviabion 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
eifeet, the liguid filled flai phantom is exposed to fields from erther a reference dipole or waveguide,

With the probe normal o the phantom surface, the peak spatial average SAR i85 measured and
compared to the analvtical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1328, OET 65 Bulletin C, CENELEC EN30361 and CEIIEC
62204 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 ai approximately the 953% confidence level using a coverage factor
of k=2, traceable to the Internationally Accepted Guides 1o Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide
. S Uneertainiy PFrobability - . Standard
ERROUR SOURCES value (%) Diistribution Diviser e Uncertaimty (%)
[cdent or forwarnd power 3.0 Bectangular '\_."i 1 1.732%
Refected power 30 Fectangular \.'E 1 1.732%
Ligued conductivity R Rectongular \.."3 1 28T
Liquid perrmitivity 4 (W Bectangular \,"i 1 230/,
A '

Field homogeneity 3. Rectangular ¥ 1 1.732%
Freld protes positionimg 5.WF Rectangular u"j 1 2HETY

Fage: 59
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR.IELLITEATULA
Field probe linsarity 10 Rectangular -u".'% 1 1.732%
Combined standard uncertainty SR31%

Expanded uncertainty
95 % confidence level k=1

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21
Lab Temperature | 2150
Lab Humidity | 45 %

5.1 SENSITIVITY IN AIR

Mormx dipole | Normy dipole | Mormz dipole
VAV | 2 (uVAVmY) | 3 (VA V/m)®)
5.51 5.53 .41

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
im%] (mV) {mV)
45 93 a3

Calibration curves ei=f{V) (i=1,2,3) allow to obtain H-field value using the formula:
E=JE'+E'+E

Calitwation curves

Ed5- A
£ . i
¥ Al . B -
= 1~ s
:E e Chgcde 2
2 =
2 =¥
100 r’-’-f"d“ﬂ:
1=
o0 O 210 015 DD 85 03 03X 040 044
W olagm ]
Page: 69
Thie oo 1, withaur e i ot MG,
T i o' (% nor o
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mvis COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR.J32.1.17.8ATLLA

3.2 LINEARITY

Linearrty

1.00-
078
oS0
025
11117 - s
025
050
075
.00
a

I
i L

L &
-
1
E 3
]
1
L 3
+
4

Lireaily Error (8]

1
50 100 180 200 250 300 6T
E-Firdd [/

Lingarity I+~1.50% (+-0.07dE)

5.3 BENSITIVITY IN LIOUID

Liguid Frequency *eromithivity | psalon (S'm) | ConvF
(MHz +/-
L0 Hz)
HL750 Tl 4209 .91 4.80
BL750 15l 5569 .55 4.54
[ HLssD | 833 _ 42.71 _ 0.59 _ 4.99 I
[ BLESD | B35 | 57.52 | 103 | 518 |
HILGH ) 41,94 b, 53 4,95
FEL GO o 51,87 1.0 5.14
HL | 8140 1800 4062 1.3 4.29
BLI1&00 1800 53.22 |47 443
HL 14K | 1900 | 41.22 .37 | 4.73
| BLI9D | 1900 | 20,94 1,52 . 4,81 |
HL 20Kk 2000 40,39 1.3 4,56
L2000 000 54,30 1,54 4,649
HL230K 2300 IR0 1.74 4.59
BL2300 2300 53133 |8k 4.77
HL2450 2450 40,46 |87 446
| BL24SD | 2450 54.62 .95 . 4.6 I
[ HLZ&00 | 2600 [ 3846 20 _ 4,16 |
| BL2&600 A0 51,98 216 4,28 |

LOWER DETECTION LIMIT: TmWikg

Page: 779
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Bl SCR. 33207 54T0U.A

ada |SOTROPY

HLS0M0 MHz

= Acxial 1sotropy: .04 dB
- Hemispherical isotropay: .07 dB

estsngrp curees

HLI1SM MHz
- Axial isotropy; 004 dB
= Hemuspherical 1sotropy: .08 dB
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mvG

COMOSAR E-FIELD PROBE CALIBRATION REPORT

Ref: ACR.332.1.1785ATUA

t

LIST OF EQUIPMENT

Equipment Summary Sheet

il o P
Flat Phantom MVG SN-20i08-5aM71 |2 Saned- Nocal :’;::ﬂf;g" No cal
COMOSAR Test Banch Version 3 NA ::'q':ﬁf::d No cal :‘“Ej::ﬂfé;d No  cal
Metwork Analyzer | [hode gvi“h““ SN100132 02/2016 02/2019
Reference Probe WG EP 24 SN 3708 12T 2018
Multimetar Kaithlay 2000 1188656 01/2017 01/2020
Signal Generator Agilent E44350C Y4907 0581 mMzmT 0r2020
Ampiter | Askeromm | SNo4s o e O
Power Meter HP E4418A US38261498 01/2017 01/2020
Power Sensar HF ECP-E26A LS3T181460 207 Or2020
Diractional Coupler | Marda 4216-20 01386 agframffngiﬂﬂr ﬁ';f_’“;ifg‘;ﬁ;g:ﬁ;?
Waveguide Mega Industies | 0B9YT-158-13-T12 E:ﬁ::d Mo cal :’Eﬂ:ﬂx?' Mo cal
Waveguide Transition | Mega Industries | 0B3Y7-158-13-701 ::‘q':ﬁf:;d No cal :*Z::ﬂf‘;;d No cal

Waveguide Termination

Mega Indusiries

0BEYT-158-13-701

Validated. Mo cal
required.

Walidated, Mo cal
required.

Temperatura | Humidit
e ¥ control Company 1507068832 1102017 1142020
FPage: 8%
Tz aocarent shal! aod e rvpreovdoced, eocept i ll or i poe, wdtBown e wanen apeeoeal o WA
T Anfirmtinn (ot Reren O B e wnpd on i preerpneet Mo widlvieh JT R sl oo v oo o

e releared’ i wilofe ar pad widkos? writen gpevoem’ off WG
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SID2450 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR 332917 SATUA

CCIC SOUTHERN ELECTRONIC PRODUCT

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD.,

TESTING (SHENZHEN) CO.,LTD

XILI JIEDAO, NANSHAN DISTRICT
SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 09/13 DIP 2G450-220

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

;Ii""'ﬂ-—-f"_--:

e
i i, - p——
z ~ f

B

o (ACCREDITED)

Cahbration Date: 11/27/17

miErwrarn & =

Summary

Thas document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench. All cahbration results are traceable to
pational metrology institutions.

CCIC-SET/T-I (00)
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SAR REFERENCE DIFOLE CALIBRATION REFORT

Faf: ACE. 331017 5ATU.A

Name Function Date Sigmature
Prepared by : Jérome LUC Product Manager 11/28/2017 g
Checked by Jéréme LUC Product Manager 11728/2017 =
Approvedby: | Kim RUTKOWSKI Quality Manager | 11/28/2017 Pt
Customer Name
CCIC SOUTHERN
ELECTRONIC
e PRODUCT
Dismribution TESTING
(SHENZHEN) Co.,
Lid
Issue Date Modifications
A 11/28/2017 Initial release
Page: 2/11]
Thiz documsnt shall not be reproduced, exrepr in il or in part, without the wririen oproval of MTG.
The iformarion contamed herein iz fo be used onfy for the purpose for witich It is submimed and Ix mar fo
be redeased in whole or part withour wrinen approval of MG
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SAR REFERENCE DIFOLE CALIBRATION REPORT Ref ACEZZ1E175aTUA

TABLE OF CONTENTS

1 Introduction R s R |
2 Device Under Test ................. S
3 Product Descriplion ........oc.ooooooeeeeeeeeee e e e e s s e see s
31  General Information -
4 Measwement Method ... 5
41  Retumn Loss Requirements 5
42  Mechanical Requirements 5
5 Measurement Uncertainty ... 5
51 Return Loss 5
3.2 Dumension Measurement 3
53  Validation Measurement 5
6 Calibration Measurement Results . S SR |
6.1 Remmn Loss and Impedance In Head Ligquid 6
6.2 Remmn Loss and Impedance In Body Liquid 6
6.3  Mechanical Dimensions ]
7 Validation measurement . 7
71  Head Liquid Measurement 7
7.2 SAR Measurement Result With Head Liquid 8
73  Body Liqmd Measurement 9

74  SAR Measurement Result With Body Liquid 10
8 Listof Equpment.................. e S I |

Page: 3/11

Thez document shall mot be reproduced, excaps in il or in part, withour the wrinm gpproval of MPG
The infbrmarion contatmed henein iz o b wsed only for the purpose for whick ir & submitmed and iz nar fo
b relaczed in whoie or part withows wrznem appreval of MPG

CCIC-SET/T-I (00) Page 41 of 50




CIC
&~/ Report No. SET2018-13537

SAR REFERENCE DIPOLE CALIBRATION REFORT Raf ACRIFIPITSATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528 FCC EDBs and
CELIEC 62209 standards for reference dipoles used for SAR measurement system validations and
the measurements that were performed to venfy 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 09/13 DIP 2G450-220
Product Condition (new / used) Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAI INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the [EEE 1528, FCC KDBs and
CELTEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - M1'G COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CELTEC 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.

41 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The TEEE Std 1528 and CEITEC 82MK ctandards enﬁ"iﬁr the mechanical comnonents and

a e a i fdaatt Loda At WL LAWH = anilailoana i ke L

dimensions of the validation dipoles, with r.I:u: d:m:nsmns frtqucn::y and phantom shell thickness
dependeni. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for vse with the COMOSAR. test bench comply with the requirements set forth for a 2
mum 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 Gudes to
Measurement Uncertainty.

51 RETURN LOSS
The following uncertainties apply to the refurn loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 01dB

52 DIMENSION MEASURFMENT
The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainey on Length
3-300 0.05 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the [EEE 1528, FCC KDBs, CENELEC EN5036]1 and CELTEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %
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10g 20.1 %%
6 CALIBRATION MEASUREMENT RESULTS
6.1 N L0 N N J
Seauensy, MHz
a3 B0 24D MN M0 MED MBO 2SN 20 b
Frequency (AHz) Kemun Loss (dB) Kequirement (dB) Impedance

2450

27.94

-20

950+3910

6.2

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

28

23 D X2

Fraguency, MH:

2440 Me0 24p0 250 250

Frequency (AMHz) Return Loss (dB) Eequirement (dB) Impedance
2450 -25.02 -20 533.20 =405
6.3 MECHANICAT DIMENSIONS
Frequency Mz L mm h mm dmm
required measured required measured required measured
100 420021 % 250031 % BAS +1 %
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450 2900%1 %, 1667 1 % 63511 %

750 178021 % 100.0 #1 %. B35 1%

835 16101 % B8 1%, 361N

00 199 0%1 % B33 1% 361 %

1450 Ba1t1% 5178 % 3I6E1 %

1500 BO.5 1% 0.0 11 %, LTSN

16540 790+ % 457 H1 %, 36+ %

1750 75241 % 429+ % 361N

1800 720t % 417 +1%. LT R0

1900 BEDE1% 35+ % IHHLN

1950 663 11 % IBSH % 361 %

2000 645 +1 % I7TsH % 361N

2100 B10k1% 357+ % LT ESR

2300 555 % 326+ %, 36+ %

2450 515+1% PASS 304+ % PAZS 36H1L% PASS
2600 485 +1%. 88 1% 161N

3000 415k % 250+ % 6N

3500 37001 % 264 H1 %, 36+ %

3700 3aT™H % 264+ % 361N

7  VALIDATION MEASUREMENT

The IEEE 5td. 1528, FCC KDBs and CELTEC 62209 standards state that the system walidahon
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
and mechanical dimension requirements. The validation measurement must be performed agamst 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 fop surface of the
dipole at the described distance from the bottom surface of the phantom

7.1 HEAD LIQUID MEASUREMENT

"':;"“ Relative parmittivity [5.'] conductivity (o] 5/m
required measured required measured
300 45335 % 0875 %
450 43515% 0B7is%
750 419+5% 0Eg 5%
B35 415+5% 09045 %
00 21535 % 08735 %
1450 A05+5% 12035 %
1500 40.8+5% 12345%
1640 20.2%5% 13145%
1750 20.1%5% 13755 %
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1300 20015% 140%5 %
1500 005% 14025 %
1950 0015% 14035 %
2000 20015% 14035 %
2100 9EIS% 14835 %
2300 W5I5% 16735 %
2450 39215% PASS 1B0%5% PASS
2600 39015% 19535 %
3000 3B515% 140325 %
3500 37915% 29135 %

72

SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEL'TEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In

bracket, the measured SAR is given with the used input power

Software OPENSAR V4

Fhantom SN 2009 SAMTI]

Probe SN 18711 ERG12X2

Ligmd Head Liquad Values: eps” : 40.5 sigma - 1 87

Dhstznee between dipole center and hgmd

10.0 mm

Area scan mesolution

dx=Fmm ‘dve=§mm

Zoon Scan Eesoluton

dx=>mm/'dv="mm 'dz=>mm

Frequency 2450 MHz
Input powex 20 dBm
Ligmd Temperature N =C
| Lab Temperature 21 *C
Lab Hummdiry 159,
F":H':c’ 1 g SAR |W/kg/ W] 10 £ SaR [W/kg/W)
required measured required measured
oo 2.85 154
150 4583 308
750 849 555
a3s 9.58 5.2
00 10.9 6599
1450 29 15
1500 105 168
1640 34.2 184
1750 36.4 19.3
1800 ga 201
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1900 39.7 20.5

1950 40.3 20.9

2000 411 211

2100 43.6 218

2300 48.7 23.3

2450 52.4 52.67 (5.27) 24 23.76 (2.38)
2600 55.3 246

JO00 63.8 25.7

3500 67.1 25

3700 67.4 2432

m-.\
EOD
N
= B
w ET ‘\
] e =
-
2| o) ! o4 RUBRERRE] |:;_.‘|-:l‘_."::_2436. EET
F dimsd [ Yissi 2 (|
73 BODY LIQUID MEASUREMENT
Fre:ﬂl:a;nqr Relative permittivity (&) conductivity (o) 5/m
required measured required measured
150 61.015% 0.B0 15 %
300 58.2 35% 0.92 15 %
450 56.7 15 % 0.94 15 %
750 55.5 15 % 0.96 15 %
835 55.235% 0.97 5%
900 55.015% 10515 %
915 55.015% 1.06 15 %
1450 54.015% 13015 %
1610 53.835% 1.40 5%
1800 53.315% 15215 %
1900 53.315% 152 5%
2000 53.335% 15215%
2100 53.215% 16215%
2300 52.015% 18115%
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2450 52 735% PASS 19515 % PASS
2600 525355 21635 %

FO00 52035% 273415 %
3500 51.335% 3315 %
3700 51035% 35515 %
5200 49.0£10% 530310%
5300 439 £10% 542 210%
5400 48 7 H10% 553 £10%
5500 43.6 £10% 5.65 £10%
SE00 485 £10% 577 310%
5800 482 #10% 5.00 £10%

74 SAR MEASUEEMENT EESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 1811 EPG122
Ligmd Body Ligmd Values: eps” : 54.6 sipma - 1.95
Distance between dipole center and ligmid 10.0 mm
Area sean resolution dx=Bmm/ 'dy=8mm
Zoon Scan Resolution dx=Smm/dy=3mm/dz=5mm
Frequency 2450 MH=
Input power 20 dBm
Ligmd Temperature 21°C
Lab Temperature 21 =C
Lab Humdity 45 %
m:ﬂ'ﬁ"q 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measured
2450 51.42 (5.14) 23.48 (235)

EII-\
B 1\
sk Co Tl
3 N
= um I,
4 =
[P
i 1]
o | | 1" " I E [ i o |
LI | 0 42 48 B X2 MM N D
o disml [ ¥imsi 2 (war|
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / Identification No. Current Next Calibration
SAM Phantom MVG SN-20US-SANyTy [odsled Nocal  Valkdsled No cal
required. required.
o -
COMOSAR Test Bench Version 3 NA Validated. Nocal  Valdsied. No cal
required. required.
Network Analyzer | R0 2 Sehwarz SN100132 0212016 0212019
Calipers Carrera CALIPER-01 0172017 01/2020
Reference Probe MVG EPG122 SN 18/11 1012017 10/2018
Multimeter Keithley 2000 1188656 012017 01/2020
Signal Generator Agilent E4438C MY 459070581 012017 01/2020
. Characterized prior to |Characterized prior to
Amplifier Aethercomm Sh D46 test. Mo cal required. [test. Mo cal required.
Power Meter HP E44184 uUsS38261498 012017 0142020
Power Sensor HP ECP-E28A US3T181480 012017 01/2020
: Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. Mo cal required, |test. Mo cal required.
Temperature and
Humidity Sensor Control Company 1507968832 112017 11/2020
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ANNEX D: Appendix D: SAR Test Setup

Photo 1: Body-Worn Front(Omm) Photo 2: Body-Worn Back(0Omm)

Upward Backward

—End of the Report—
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