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Liquid depth

The Body Liquid of 835MHz (15.4cm

The Head Liquid of 835MHz (15.3cm

The Head Liquid of 1900MHz (15.5cm) The Head Liquid of 2450MHz (15.6cm)
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Appendix B: Test Setup Photos
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Hotspot Front (10mm) Hotspot Back (10mm)

-

Hotspot Tp (10mm)

Hotspot Right (10mm) Hotspot Left (iOrhrﬁ) )
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Appendix C: Probe Calibration Certificate
COMOSAR E-FIELD Probe

Report No.: TCT171025E001

COMOSAR E-Field Probe Calibration Report

Ref: ACR.1284.17.SATU.A

SHENZHEN TONGCE TESTING Lab.
1B/F., Building 1, Yibaolai Industrial Park,

Qiaotou. Fuyvong, Baoan District, Shenzhen, Guangdong. China

MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 07/15 EP248

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144
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o [ACCREDITED
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Calibration Date: 01/10/2017

Summary:

This document presents the method and results from an accredited COMOSAR Dosimetric E-Field

Probe calibration performed in MVG USA using the CALISAE / CALIBAIE test bench. for use
with a COMOSAF. system only.

All calibration results are traceable to national metrelogy
institutions.
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Eef: ACR.118.4.173ATUA
Name Function Date Signature
Prepared by : Téréme LUC Product Manager 01/10/2017 ;;jfé;‘
Checked by : Téréme LUC Product Manager 01/10/2017 7=
Approved by : EKim RUTKOWSKI Quality Manager 01/10/2017| gowm Aurtirsed™
Customer Name
o Shenzhen Tongce
Distribution : Testing Lab
Issue Date Modifications
A 01/10/2017 Initial release
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Thiz document shall not be reproduced, except in full or in part, without the written approval of MTG.
The information confained herein iz te be used only for the purpese for which it iz submitted and iz not o
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACR.1I3.417.5ATUA
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Report No.: TCT171025E001

1 DEVICE UNDER TEST

Device Under Test

Device Type

COMOSAER. DOSIMETRIC E FIELD PROEE

Manufacturer MVG

Model SSES

Sernial Number SN 07/15 EP248
Product Condition (new / used) New

Frequency Range of Probe

0.45 GHz - 3GH=z

Resistance of Three Dipoles at Connector

Dipole 1: R1=0.218 MQ
Dipole 2: R2=0.217 MQ
Dipole 3: R3=0.215 MQ

A yearly calibration mterval 1s recommended.

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

MVG’'s COMOSAR_E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C and

CELIEC 62209 standards.

Figure 1 - MV G COMOSAR Dosimetric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 4.5 mm
Maximum external diameter 8 mm
Probe Tip External Diameter S mm
Distance berween dipoles / probe extremity | 2.7 mm

3 MEASUREMENT METHOD

Fef ACF.1284175ATUA

The IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CELIEC 62209 standards provide
recommended practices for the probe calibrations, mcluding the performance characteristics of
wnterest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

31

LINEARITY

The evaluation of the linearity was done m free space using the wavegmde, performung a power
sweep to cover the SAR range 0.01W/kg to 100W/kg.

Hotline: 400-6611-140
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32 SENSITIVITY

The sensitivity factors of the three dipoles were deternuned using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.

33 LOWEER 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 15 10 mWikg.

34 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The hemispherical isotropy i1s 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 iz rotated about 1ts axis (0°-1807) in 13° increments. At each step the probe is rotated
about 1its axis (0°-3607).

35 BOUNDARY EFFECT

The boundary effect 1s defined as the deviation between the SAR measured data and the expected
exponential decav in the liguid when the probe 1s oniented normal to the interface. To evaluate this
effect, the liquid filled flat phantom 1s exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAE i1z measured and
comparad to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CELIEC
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 approximatelv the 93% confidence level using a coverage factor
of k=2, traceable to the Internationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide
N Uncertainty Probability N . Standard
ERROR SOURCES value (%) Distribution Divisor “ Uncertainty (%)
Incident or forward power 3.00% Eectangular _“{'3_1 1 1.732%
Reflected power 3.00% Eectangular ng 1 1.732%
Liguid conductivity 5.00% Eectangular _JB_. 1 2.887%
Liguid permittivity 4.00% Rectangular NEY 1 2.300%
Field homogeneity 3.00% Rectangular NEY 1 1.732%
Field probe positioning 5.00% Eectangular ,“f::l 1 2.887%
Page: 3/9
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Field probe linearity 3.00% Eectangular -U'"S_ 1 1.732%
5.831%

Combined standard uncertainty

Expanded uncertainty 12,004
95 % confidence level k=2 -

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21=C
Lab Temperature 21°C
Lab Hunudity 45 %

3.1 SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
1 (uV/(V/im)?) |2 (uWV/(Vim)?) | 3 (uV/(Vim)Y)
6.90 745 6.47

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
a8 04 93

Calibration curves e1=f(V) (1=1,2.3) allow to obtain H-field value using the formula:

a7E-
m0- -
- e
"

F o >
= e = Dipole 1
m 400- Dipole 2
b
uw /../

200- //

1_| 1
0.0 o1 02 uRe] 0.4 05 0E 07
Voltage [¥]
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L
[

LINEARITY

Linearity

1.00-
0.75-
0.50-
0.25-
0010~ [l oo == o{f =ttty
-0.25-
0.50-
0.75-

-1.00-
EI S0 100 150 200 250 300 350 400 450 EEII‘I

E-Field [V/m]

ity Error (dB]

IFIEar|

L

Linearityli+/-1.58% (+/-0.0/dB)

33  SENSITIVITY IN LIQUID

Liguid Frequency Permittivity Epsilen (S/m) ConvF
(MHz +/-
1000MEHz)
HL450 450 42.17 0.87 3.33
BL450 4350 57.65 0.94 5.51
HL730 750 4003 083 474
BL750 750 3683 1.00 403
HLB850 835 42.19 0.90 3.50
BLE50 835 534.67 1.01 5.65
HL20O a00 4208 1.01 493
BLOOO Q00 3525 1.08 504
HI 1800 1800 41 68 146 438
BL1800 1800 33.86 1.46 4.52
HIL 1800 1900 38.45 1.45 4.85
BL1200 1900 53.32 1.36 5.01
HI 2000 2000 38.26 138 468
BL2000O 2000 3270 1.51 4 80
HI 2450 2450 37.50 1.80 4.58
BL2430 2450 53.22 1.89 4.70
HIL 2600 2600 3980 1.99 4.36
BL2&00 2600 3252 223 430

LOWER DETECTION LIMIT: 8mW/kg
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34 [ISOTROPY
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COMOSAR E-FIELD PROBE CALIBRATION REFORT

Report No.: TCT171025E001

Faf ACF.1284.175ATUA

LIST OF EQUIPMENT

Equipment Summary Sheet

test. No cal required.

Equipment Manufacturer / Identification N Current Next Calibration
Description Model enfiicalion 0.1 ¢ olibration Date Date
Flat Phantom MVG SN-20/09-SAMT Validated. No cal Walidated. No cal
required. required.
- Validated. Noeal | validated. No cal
COMOSAR Test Bench Wersion 3 MA . .
required. required.
Network Analyzer | hode g‘vi‘:hwarz SN100132 0212015 02/2018
Reference Probe MVG EP 94 5N 37/08 022015 02/2018
Multimeter Keithley 2000 1188656 022015 02/2018
Signal Generator Agilent E4438C MY49070581 0212015 02/2018
Amplifier Aethercomm SN 046 Charactenized prior to |Characterized prior to
test. No cal required. |test. No cal required.
Power Meter HP E4418A US382614598 0272015 02/2018
Power Sensor HP ECP-E26A US37181460 02/2016 022018
Directional Coupler Narda 4216-20 01386 Characterized prior to |Characterized prior to

test. No cal required.

Validated. Mo cal

Validated. Mo cal

Hotline: 400-6611-140

Waveguide Mega Industries | 0B9Y7-158-13-712 . .
required. required.
) . , , Yalidated. Nocal | Walidated. Mo cal
Waveguide Transition | Mega Industries | 089Y7-158-13-701 required. required.
Waveguide Termination| Mega Industries | 089Y7-158-13-701 | Validated. Nocal | Validated. No cal
required. required.
Temperature | AU Control Company 150798832 1012016 10/2018
ensor
Fage: 99
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Dielectric Probe Calibration

Dielectric Probe Calibration Report

Ref: ACR.156.11.15.SATU.A

SHENZHEN TONGCE TESTING Lab.
1B/F., Building 1, Yibaolai Industrial Park,
Qiaotou, Fuyong, Baoan District, Shenzhen, Guangdong, China

MVG LIMESAR DIELECTRIC PROBE
FREQUENCY: 0.3-6 GHZ
SERIAL NO.: SN 19/15 OCPG 71

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

%, 7~ [ACCREDITED

) \
T "

Calibration Date: 06/05/2015

Summai W

This document presents the method and results from an aceredited Dielectric Probe calibration
performed in MVG USA using the LIMESAR test bench. All calibration results are traceable to

national metrology institutions.
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Approved by Kim RUTKOWSKI Quality Manager 06/05/2015| , . Jucthseedis

Customer Name

Shenzhen Tongce

Distribution . Testing Lab

Issue Date Modifications
A 06/05/2015 Initial release
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SAR DIELECTRIC PROBE CALIBRATION REPORT

Report No.: TCT171025E001

Fef: ACR.156.11.15.5ATUA
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SAR DIELECTRIC PROBE CALIBRATION REPORT Ref: ACR156.1115.5ATUA

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

Serial Number SN 19/15 OCPG 71

Product Condition (new / used) New

A yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG’s Daielectric Probes are built in accordance to the IEEE 1528 and CELIEC 62209 standards.
The product 1s designed for use with the LIMESAR test bench only.

Figure 1 — MVG LIMESAR Dielectric Probe

Page: 4/7
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SAR DIELECTRIC PROBE CALIBRATION REPORT Ref ACR.136.1115.5ATUA

4 MEASUREMENT METHOD

The IEEE 1528-2003, OET 63 Bulletin C and CELIIEC 62209-1 & 2 standards outline techniques 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 vector
network analyzer. The standards recommend the measurement of two reference matenials that have
well established and stable dielectric properties to validate the system. one for the calibration and one
for checking the calibration. The LIMESAR test bench uses De-ionized water as the reference for the
calibration and either DMS or Methanol as the reference for checking the calibration. The following
measurements were performed to verify that the product complies with the fore mentioned standards.

41 LIQUID PERMITTIVITY MEASUREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

5.1 DIELECTEIC PERMITTIVITY MEASUREMENT

The following uncertainties apply to the Dhielectric Permittivity measurement:

Hotline: 400-6611-140

Uncertainty analysis of Permittivity Measurement
- Uncertainty Probability A , Standard
ERROR SOURCES value (+/-%0) Distribution Divisor i Uncertainty (+/-%)
Eepeatability (n repeats, mid-band) 4.00% N 1 1 4.000%
Deviation from reference liguid 5.00% R V3 1 2.887%
Network analyser-dnft. linearity 2.00% R V3 1 1.155%
Test-port cable variations 0.00% u Y2 1 0.000%
Combined standard uncertainty 3.066%
Expanded uncertainty (confidence level of 95%, k=12) 10.0%
Uncertainty analysis of Conductivity Measurement
- Uncertainty Probability A , Standard
ERROR SOURCES value (+/-%0) Distribution Divisor “ Uncertainty (+/-%0)
Fepeatability (n repeats, mid-band) 3.50% N 1 3.500%
Deviation from reference liguid 3.00% R Y3 1 1.732%
Network analyser-drift, linearity 2.00% R Y3 1 1.155%
Test-port cable variations 0.00% U Y2 1 0.000%
Combined standard uncertainty 4.072%
Expanded uncertainty (confidence level of 95%, k=12) 8.1%
FPage: 5/7
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6 CALIBRATION MEASUREMENT RESULTS

Measurement Condition

Software LIMESAR
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 44%

6.1 LIQUID PERMITTIVITY MEASUREMENT

A liquid of known characteristics (methanol at 20°C) 15 measured with the probe and the results (complex
permuttivity £ +Hjg”) are compared with the well-known theoretical values for this liquaid.
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7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . . Current Next Calibration
Dot Model e [ I Date
. Walidated. No cal Malidated. No cal
LIMESAR Test Bench Version 3 MA required. required.
Network Analyzer | Rhode % Schwarz SN100132 0212015 0212018
Methanol CAS 67-56-1|  Alpha Aesar LotD13wgrq  [/2ldated. Nocal  NValidated.  No cal
required. required.
Temperatureand | ) company 11-661-9 82015 B/2018

Humidity Sensor
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Appendix D: Dipole Calibration Report
SID 835

SAR Reference Dipole Calibration Report

Ref: ACR.156.4.15.SATU.A

SHENZHEN TONGCE TESTING Lab.

1B/F., Building 1, Yibaolai Industrial Park,
Qiaotou, Fuyong, Baoan District, Shenzhen, Guangdong, China
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 835 MHZ
SERIAL NO.: SN 16/15 DIP 0G835-369

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

||ll.
\—f_:/

itaem

% /““\\\ ACCREDITED
iy NIRTR A%
il

Calibration Date: 06;"0'\*201'\

Summary:

This document presents the method and results from an accredited 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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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CELTEC 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. 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID835
Serial Number SN 16/15 DIP 0G835-369
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 15328, FCC KDBs and
CELIEC 62209 standards. The product 1s designed for use with the COMOSAR test bench only.

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

The IEEE 1528, FCC KDBs and CELIIEC 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 RETURNLOSS REQUIREMENTS

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

42 MECHANICAT REQUIREMENTS

The IEEE 5td. 1528 and CEIIEC 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 Uncertamty.

3.1 RETURNLOSS

The following uncertainties apply to the return loss measurement:

Frequency hand Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

532 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

33 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528 FCC KDBs, CENELEC EN30361 and CELIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

1 203 %

]
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10¢g 20,1 %

CALIBRATION MEASUREMENT RESULTS

RETUEN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequancy, MHz
20

540 A60 A0 a0

S,

-A0-

35

40—

b 2 L

Fregquency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -32.78 -20 5160 +1.7;0
62 RETURNLOSS AND IMPEDANCE IN BODY LIQUID
Fragushcy, MHz
Rl &0 520 B0 860
8
I .
. ! | | | |
Fregquency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -23.99 -20 47.10+56:02
63 MECHANICAL DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
300 42000 1 % 25000 £1 %o 6.35 +1 %
Fage: ¢/11
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450 2900 +1 % 166.7 #1 %. 5.35+1 %
750 176.0 +1 %, 100.0+1 %. 5.35+1 %
235 161.0 1 %. PASS 89.8 +1%. PASS 35+ %, PASS
900 149.0 #1 %, 833 +1%. 361 %
1450 89.1 +1%. 51.7 1%, 361 %
1500 805 +1%. 50.0£1 %, 361 %
1640 79.0 £1%. 45.7 £1%. 361 %
1750 75.2 1%, 428 +1%. 361 %
1300 72.0 #1%. 417 +1%. 361 %
1900 £3.0 1%, 39.5+1%. 361 %
1950 6.3 1%, 38.5+1%. 361 %
2000 545 +1 %, 37.5+1%. 361 %
2100 61.0 1%, 35.7+1%. 361 %
2300 555 £1 %, 3261 % 361 %
2450 515 +1%. 30.4+1%. 361 %
2600 435 +1 % 2BR+1 % 36+ %.
3000 415 1 % 250 £1 % 361 %.
3500 37.0+1 %. 26.4+1 %, 361 %.
3700 3471 % 264 +1 %, 36+ %

7  VALIDATION MEASUREMENT

The IEEE Std. 15328, FCC KDBs and CEITEC 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
liquad filled flat phantom, with the phantom constructed as outlined m 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 LIQUID MEASUREMENT

Fre:.u-iezncy Relative permittivity (&) Conductivity [a) S/m
required measured required measured
300 45315 % 0.87 £5 %
450 4355 % 0.87 £5 %
750 419+5% 0.89 £5 %
335 4155% PASS 0.90 £5 % PASS
200 4155% 0.97 £5 %
1450 40515 % 1.20£5 %
1500 40.4+5% 1.23#5%
1640 4025 % 1.31£5%
1750 40,15 % 1.37£5%
Fage: 7/11
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1800 4005 % 1.40£5%
1900 4005 % 1.4025%
1950 4005 % 1.40£5%
2000 4005 % 1.40=5%
2100 398+ % 145:5%
2300 395+5% 167 25%
2450 392+5%h 18045%
2600 3905 % 15625%
3000 3855 % 240+5%
3500 379+ % 291:25%

The IEEE Std. 1528 and CELIEC 62209 standards state that the

system validation measurements

should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the

uncertainty for the system validation.
bracket, the measured SAR 1s given with the used input power.

All SAR values are normalized to 1 W forward power. In

Software OPENSAR V4

Phantom SN 20/09 SAMT1

Probe SN 18/11 EPG122

Ligpuad Head Liguid Values: eps” : 42.3 sigma : 0.92
Distance between dipole center and liguid 15.0 mm

Area zcan resolution dx=8mm/dv=Emim

Zoon Scan Fesclution

dx=8mm/dv=8mm/dzr=3mm

Frequency 835 MHz
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperatuze 21°C
Lab Hunidity 45 %

Frepqv,"f:”{" 1 g SAR [W/kg/W) 10 g SAR (W/kg/ W)

required measured required measured

300 2.85 1.84

450 458 3.06

750 B.49 5.55

835 9.56 .60 {0.96) 6.22 .24 (0.62)

900 109 6.5%

1450 29 16

1500 30.5 16.8

1540 342 18.4

1750 364 18.3

1800 384 20.1

FPage: 8§11
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1900 39.7 205
1950 40.5 209
2000 411 211
2100 436 219
2300 487 23.3
2450 524 24

2600 55.3 246
3000 63.8 257
3500 67.1 5

5 ningicn Cugghho imtacy

S Fuaiued st +_|

-
= 1z
= N
g 3 . Eus N
. o4 h\‘"-
zoe | o | E vz ] .
7.3 BODY LIQUID MEASUREMENT
Frex'u_ie:ncv Relative permittivity (&) Conductivity [a) S/m
required measured required measured
130 51.9+5% 0.80 +5 %
300 SB.2+5% 0.82:5%
450 S6.7+5% 0.84 5%
750 55.5+5% 0.86 5 %
835 55.2+5% PASS 0.87 5% PASS
900 55.0 5 % 1.05 25 %
915 55.0 %5 % 1.06 +5 %
1450 54,045 % 1.3025%
1610 53.8+5% 1.40 %5 %
1800 53.3+5% 152+5%
1900 53.3:5% 152:5%
2000 53.315% 152:5%
2100 53.2:5% 1625%
2450 S27+5% 1855 %

FPage: 911
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2600 52.5%5% 2 16 45 %
3000 52.045% 273155 %
3500 513%5 % 3.3125%
3200 49.010% 5.30 210 %
3300 48.9+10% 547 £10%
5400 48.7 +10% 553:10%
5500 486+10% 56510 %
5600 48.5+10% 577 10%
5800 432 +10% £.00+10 %

74  SAR MEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR V4
Phantom SN 20/09 SAMTI
Probe SN 18/11 EPG122
Liquud Body Liguad Values: eps” : 53.3 sigma : 0.97

Distance between dipole cenfer and hiquad 15.0 mm

Area scan resolution dx=Bmm/dy=8mm

Zoon Scan Resclution

dx=8mm/dy=8mm/dz=>mm

Frequency 835 MHz
Input power 20 dBm
Liguid Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %

Frequenc
! 1 SAR (W/ke/W) 10 2 SAR (W/ke/W)
measured measured
835 960 (0.96) 6.36 (0.64)
prT T
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=
o
o
12
= =10 N
i N,
- - £ N
e P
04 e
o | pren | Bz, e |
D24 E W 1z 14 18 12 20 2 M = 38
Zinm|
Page: 10411
Thiz document shall not be reproduced, except in full or in part, without the written approval of MTG.
The infor contgined herein is fo be used only for the puipose for which it is submitted and is not to
be released in whols or parr withour weitten approval qf MTG.
Page 122 of 148

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

Fax: 86-755-27673332

http://www.tct-lab.com




TCT

mve

SAR REFERENCE DIPOLE CALIBERATION REPORT

Report No.: TCT171025E001

Beft ACE.156 415 5ATU.A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model | Calibration Date Date
+ Malidated. No cal Validated. Mo cal
SAM Phantom MVG SN-20/09-SAMT1 required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal — alidated.  No cal
required. required.
Network Analyzer | node & Sehwarz | gy4pp13 0312016 03/2019
Calipers Carrera CALIPER-D1 0312016 032019
Reference Probe MVG EPG122 SN 18/11 052016 052017
Multimeter Keithley 2000 1188656 12/2013 12/2015
Signal Generator Agilent E4438C MY49070581 12/2013 12/2018
Amplifier Aethercomm SN 046 Characterized prior to|Characterized prior to
test. Mo cal required. [test. Mo cal required.
Power Meter HP E4418A Ls358261498 12/2013 12/2015
Power Sensor HP ECP-E26A Us37181460 12/2013 12/2015
R ; } Characterized prior to |Characterized prior to
Directional Coupler Marda 4216-20 01386 test. No cal required. |test. No cal required.
Temperature and . ;
Humidity Sensor Control Company 11-661-9 052016 052019
Fage: 11711
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SHENZHEN TONGCE TESTING Lab.
1B/F., Building 1, Yibaolai Industrial Park,
Qiaotou, Fuyong, Baoan District, Shenzhen, Guangdong, China

MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 16/15 DIP 1G9%900-372

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

“Q‘““‘ ACCREDITED
bt Calinration CERT S224602

Calibration Date: 06/05/2015

.S'HH”H{T}'_T.'

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

national metrology mnstitutions.

Page 124 of 148

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




TCT

SAR REFERENCE DIPOLE CALIBRATION REFORT

Report No.: TCT171025E001

Ref: ACR.156.7.15.5ATUA

Name Function Date Signarure
Prepared by : Jérome LUC Product Manager 06/05/2015 ;f‘%‘
Checked by : Térome LUC Product Manager 06/05/2015 ;f?ﬁ"
Approved by : Kim RUTKOWSKI Quality Manager 06/05/2015 | s Pecthardd
Customer Name
Distribution - Shenzhen Tongce
Testing Lab
Issue Date Modifications
A 06/05/2015 Initial release

Page: 2/11

This document shall not be reproduced, except in full or in part, without the written approval of MI'G.
The information contained herein is to be used only for the purpose for which it is submitted and is not to

be released in whole or part without written approval of MI'G.

Hotline: 400-6611-140  Tel: 86-755-27673339  Fax: 86-755-27673332

Page 125 of 148

http://www.tct-lab.com




I C I Report No.: TCT171025E001

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR 1567 13.SATUA

TABLE OF CONTENTS

B 3 s ' Ta 1R e SRS 4
2 Device UIAEr TESE .ot s e s re et eerm e e ern e e nn e ne s 4
3 Product DESCIIPIIONL .o veeiieieiseeceser e e e e e s e e se e e sse e s s e e s sms e e s s neesrmeesrm e e ern e e s rneessnees 4
3.1 General Information 4
4 Measurement Method ... 5
4.1 Return Loss Requirements 5
4.2 Mechanical Requirements 5
5 Measurement e ailty . .. o oo e ee e en e en e en e 5
5.1 Return Loss 5
52 Dimension Measurement 5
5.3 Validation Measurement 5
6 Calibration Measurement Results ... iiiiiiiiineie e 6
6.1 Return Loss and Impedance In Head Liquid 6
6.2 Return Loss and Impedance In Body Liquid 6
6.3 Mechanical Dimensions 6
7 Validation MeasUISIIISIT .. .coivi i e e e e e m e srn e rr e nees 7
7.1 Head Liquid Measurement 7
7.2 SAR Measurement Result With Head Liquid 8
7.3 Body Liquid Measurement 9
74 SAR Measurement Result With Body Liquid 10
8 List OF EQUIPIIGIL ..ottt e e e e e e 11

Page: 3/11

This document shall not be reproduced, except in fiill or in part, without the written approval of MI'G.
The information contaimed hevein is to be used only for the purpose for which it is submitted and is not fo
be relzased in whole or part without writfen approval of MT'G.

Page 126 of 148

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




M= A 3
I C I l% I)n\IJ 1:‘_‘L 1)”«']
TESTING CENTRE TECHNOLOGY Report No.: TCT171025E001

mvGg SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR156.7.15.SATU.A

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 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SN 16/15 DIP 1G900-372
Product Condition (new / used) New

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 — MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEITEC 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 return loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

4.2 MECHANICATL REQUIREMENTS

The IEEE Std. 1528 and CELIEC 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 mun 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.

51 RETURNLOSS

The following uncertainties apply to the refurn loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 NVALIDATION MEASUREMENT

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

lg 20.3 %

=
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10g

20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1

RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

511, dB

1800

40-

Frequancy, MHz

1820 1840 1860

1880

1300 1320 1340 1360 1380

2000

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

1900

-25.64

-20

51.7Q+49iQ

6.2

RETURN LOSS AND IMPEDANCE IN BODY TIQUID

S11.dB

1600

1820 1840 1860

1480

Frequancy. MHz

1300 13200 1340 1360 138D

2000

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1900 -23.50 -20 48102 +64iQ
6.3 MECHANICAT DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
300 420.0 £1%. 250.0 £19%. 5.35 £1 %.
Page: 6/11
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430 290.0 1 %. 166.7 +1 %. .35 11 %.
750 176.0 £1 %. 100.0 +1 %. 5.35 1 %.
835 161.0 +1 %, B9.B 1%, 3.6+1 %,
500 149.0 +1 %, 83.3+1%, 3.6+1 %,
1450 89.1 +1 %. 51.7 £1 %. 3.611%.
1500 80.5 1 %. 50.0 £1 %. 3.611 %.
1640 79.0 £1 %. 45.7 11 %. 3.611%.
1750 75.2 +1 %. 42.9 £1 %. 3.611 %.
1800 72.0 £1 %, 41,7 £1%. 3.6£1 %,
1900 63.0 £1 %, PASS 39.5 +1%. PASS 3.6 +1 %. PASS
1950 £6.3 +1 %, 38.5+1 %, 3.6+1%.
2000 64.5 +1 %, 37.5+1%. 3.6+1 %,
2100 61.0 +1 %. 35.7 11 %. 3.611%.
2300 55.5 1 %. 32.6 11 %. 3.611%.
2450 51.5 +1 %. 30.4 £1 %. 3.611 %.
2600 48,5 +1 %, 28,81 %, 3.6£1 %,
3000 41,5 +1 %, 25.0+1 %, 3.6+1 %,
3500 37.041 %. 264 +1 %, 3.6+1 %,
3700 34.7+1 %. 26.4 £1 %. 3.611%.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 62209 standards state that the system wvalidation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement nmmst 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 fo 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

Frerc:FuHezncy Relative permittivity (') Conductivity (o) 5/m
required measured required measured
300 45315 % 0.87 15 %
450 43.5%5 % 0.87 5%
750 41.9 15 % 0.8935%
835 41.5 5% 0.90 5%
500 41,3 15 % 0.97 15 %
1450 40,3 15 % 1.20 15 %
1500 40,4 15 % 1.23 5%
1640 40,2 15 % 1.3115%
1750 40,1 %5 % 1.37 %5 %
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1800 40,045 % 14045 %
1900 40,045 % PASS 1,405 % PASS
1950 40,045 % 1,405 %
2000 40.0 %5 % 1.40 5 %
2100 39.815% 1.459 +5 %
2300 39.515% 1.67 5%
2450 39.2 15 % 1.80 £5%
2600 39.015% 1.98 5%
3000 38545 % 24045 %
3500 37.915% 2591 15%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELIEC 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
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liquud Head Liquud Values: eps” : 40.4 sigma : 1.41
Distance between dipole center and Lhiquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 1900 MH=z
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Hunudity 45 %
FFE;UHQI"W 15 SAR [W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.54
450 4.58 3.08
750 8.49 5.55
833 5.56 6.22
s00 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 19.3
1800 38.4 20.1
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1200 39.7 39,19 (3.92) 20.5 20.43 (2.04)
1950 40.5 20.9
2000 41.1 21.1
2100 43.6 219
2300 48.7 23.3
2450 52.4 24
2600 55.3 24.6
3000 63.8 25.7
3500 67.1 25
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7.3 BODY LIQUID MEASUREMENT
F . e .
FEE{UHEI“(Y Relative permittivity (g,) Conductivity (o) S/m
required measured required measured
150 51.9 5% 0.8035%
300 58.2 5% 0.92 5%
450 56.7 £5 % 0.94 45 %
750 55.5 15 % 0,965 %
835 55.2 5% 0.97 5%
900 55.0 5% 1.05 %5 %
015 55.0 45 % 1.06 5 %
1450 54.0 5% 1.3045 %
1610 53.845% 1.40 5 %
1800 53.345% 1.52 5 %
1900 53.3 5% PASS 1.52 5 % PASS
2000 53.3 5% 1.52 5 %
2100 53.215% 1.62 5 %
2450 52.745% 1.95 5%
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2600 52.545% 21635%
3000 52.045% 2.7335%
3500 51.315% 2.3115%
5200 49.0+10 % 5.30 +10%
5300 48,9 +10 % 5.42 +10%
5400 48.7 10 % 5.53+10%
5500 48.6 +10 % 5.55 +10 %
5600 48.5 +10 % 5.77 +10%
5800 48.2 10 % 6.00 £10 %

7.4 SAR MEASUREMENT RESULT WITH BODY TLIQUID

Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps™ - 53.9 sigma : 1.55
Distance between dipole center and liquad 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=mm
Frequency 1900 MH=z
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
FFEE,UHEI"('-" 1 g SAR (W/kg/W) 10 g SAR (W/Kg/W)
measured measured
1900 38.73 (3.87) 20.48 (2.05)
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8

LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / e . Current Next Calibration
Description Model Identification No.| . .y ration Date Date
5 [Validated. No cal Walidated. No cal
5AM Phantom MVG SN-20/09-SAMT1 required required.
COMOSAR Test Bench|  Version 3 NA Valdated. Nocal  |Validated.  No cal
required. required.
Network Analyzer | \ode & Schwarz SN100132 0312016 0312019
Calipers Carrera CALIPER-D1 0372016 032019
Reference Probe MVG EPG122 SM 18/11 05/2016 052017
Multimeter Keithley 2000 1188656 122013 12/2016
Signal Generator Agilent E4438C MY49070581 122013 12/2016
Amplifier Acthercomm SN 046 Characterized prior to| Charactenzed prior to
test. Mo cal required. |test. Mo cal required.
Power Meter HP E4418A LUS35261498 122013 1212016
Power Sensor HF ECP-E2BA US37181460 122013 1212016
o ; } Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test. Mo cal required. [test. Mo cal required.
Temperature and | 401 Company 11-661-9 05/2016 05/2019
Humidity Sensor
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1F.LEINUO WATCH BUILDING, FUYONG TOWN\,

SHENZHEN TONGCE TESTING LAB.

BAOAN DIST, SHENZHEN, CHINA

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

Calibrated at MVG US

2105 Barrett Park Dr. - Kennesaw, GA 30144
W,
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Calibration Date: 6/5/2015

Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
perfonmed in MVG USA using the COMOSAR. test bench.  All calibration results are traceable to

naticnal metrology institutions.
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Name Function Date Signature
Prepaved by : Jérdme LUC Product Manager /342015 ;}’__:J.E-r"
Checked by : Jérome LUC Produet Manager 6/5/2015 :‘;"’
Approved by : Kim RUTKOWSKI Quality Manager 6/5/2015 e Srthaed it

| Customer Name
Shenzhen T
Distribution : enz_ =n fongee
Testing Lab.
 lssue Date Maodificatiom
A 6/5/2015 Initial release
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| 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) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3:l 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.
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEI/IEC 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 return loss of -20
dB or better. The return 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 CEI/IEC 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:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
ty

3-300 0.05 mm

53 VALIDATION MEASUREMENT

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

lg 20.3 %
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0g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fiequency, MHz
2380 2400 2420 2440 2460 2480 2500 2520

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -29.05 -20 46.5Q-0.2 jQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz
2400 2420 2440 2460 2480 2500 2520

S11,d8

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -32.86 -20 48.70Q-19jQ
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm d mm
required measured required measured required measured
300 420.0 1 %. 250.0 +1 %. 6.35 1 %.
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450 290.0 +1 %. 166.7 +1 %. 6.35+1 %,
750 176.0 £1 %. 100.0 £1 %. 6.35 41 %.
835 161.0 +1 %, 89.8 £1 %. 3.6%1%.
900 149.0 £1 %. 83.3£1%. 3.611%,
1450 89.141 %. 51.7 +1 %. 3.6+1%.
1500 80.5+1 %. 50.0 +1 %. 3.6+1%.
1640 79.0 41 %, 45.7 +1%. 3.6+1%.
1750 75241 %, 42.9+1 %. 3.641%.
1800 72.041 %. 41741 %, 3.6+1%.
1900 68.0+1 %, 39.5+1%. 3.6+1%.
1950 66.3+1 %. 38.5+1 %. 3.6+1%.
2000 64.5+1 %. 37.51%. 3.6:1%.
2100 61.0 1 %. 35.7 1 %. 3.6£1%.
2300 55,541 %. 32,611 %. 3.6£1%.
2450 51.5+1 %, PASS 30.4 £1 %. PASS 3.611%. PASS
2600 48.5+1 %. 28.8+1%. 3.6+1%.
3000 41.5+1%. 25.0 +1 %. 3.6+1%.
3500 37.0+1 %. 26.4 +1 %. 3.641%.
3700 34.7+1 %. 26.4 1 %. 3.611%.

7 VALIDATION MEASUREMENT

7.1 HEAD LIQUID MEASUREMENT

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

Fax: 86-755-27673332

Fre,?dl:‘ezncy Relative permittivity (g,') Conductivity (o) S/m
required measured required measured
300 453#5% 0.87+5%
450 43.515% 0.87+5%
750 41.915% 0.895%
835 41.5+5% 0.90 5 %
300 41.515% 0.87 5%
1450 40.515 % 1.2045%
1500 40.4 5% 1.2315%
1640 40.2 5% 1.3145%
1750 40.1+5% 13715%
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The IEEE Std. 1528, FCC KDBs and CEI/IEC 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.
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1800 40.015% 1.4015%
1900 40.045% 1.405%
1950 40.045 % 1.4015%
2000 40.0 25 % 1.4045%
2100 39.845% 14945 %
2300 39.5+5% 1675%
2450 30.245% PASS 1.80%5% PASS
2600 39.045% 196+5%
3000 3855% 2405%
3500 37945% 29115%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The 1IEEE Std. 1528 and CEI/IEC 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
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Head Liquid Values: eps’ : 38.3 sigma : 1.80
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=5mm/dy=5mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°¢
Lab Humidity 45 %
M 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2,85 1.94
450 4.58 3.06
750 8.49 5.55
835 9.56 6.22
900 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 19.3
1800 38.4 20.1
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1300 39.7 20.5

1950 40.5 20.9

2000 41.1 211

2100 43.6 219

2300 48.7 233

2450 52.4 53.21 (5.32) 24 24.14 (2.41)
2600 553 24.6

3000 63.8 25.7

3500 67.1 25
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7.3 BODY LIQUID MEASUREMENT
Fre:ﬂt:azncy Relative permittivity (e) Conductivity (c) S/m
required measured required measured
150 61.95% 0.8015 %
300 58.245% 0.92 5%
450 56,7 5% 0.94 5 %
750 55.545% 0.96 5%
835 55.25% 0.9745%
900 55.05% 1.0545 %
915 55.015 % 1.06 #5 %
1450 54.0 5 % 1.30+5%
1610 53.8%5% 1.4045 %
1800 53.315% 1.5245%
1900 53315% 1.5215%
2000 53.3:5% 1.5245%
2100 53.2+5% 1.6245%
2450 52.745% PASS 1.95 45 % PASS
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2600 52.545% 2.16 45 %
3000 52.015% 2.7345%
3500 51.35% 33115%
5200 49.0+10 % 530110 %
5300 48.9+10 % 5.42 +10 %
5400 48.7+10% 5.53+10%
5500 48.6 +10 % 5.65+10 %
5600 48.5+10% 57710 %
5800 48.2+10% 6.00+10 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps’ : 52.7 sigma : 1.94
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=Smm/dy=5mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
e 18 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2450 50.72 (5.07) 23.43 (2.34)
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SAR REFERENCE DIFOLE CALIBERATION REPORT

Report No.: TCT171025E001

Ref: ACR.1569.15.3ATU.A

8

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
. Malidated. Mo cal "alidated. Mo cal
SAM Phantom MY G SM-20/09-8AMT1 required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  |Validated.  No cal
required. required.
Network Analyzer | 0de & Schwarz SN100132 03/2016 03/2019
Calipers Carrera CALIPER-O1 032016 03/2019
Reference Probe MYG EPG122 SN 168/11 08/2016 05/2016
Multimeter Keithley 2000 1188656 122013 122016
Signal Generator Agilent E4438C MY 49070581 122013 122016
Amplifier Aathercamm SN 046 Characterized prior to| Characterized prior to
test. Mo cal required. |test. Mo cal required.
Power Meter HP E44184 US35261498 122013 1212016
Power Sensor HP ECP-E2BA US37181460 122013 1212016
P ; ; 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 11-661-9 0572016 05/2019
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I C I Report No.: TCT171025E001

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 vO1 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

COND. | COND. S S
_ PERM. | PERM. CW Validation Mod. Validation

Date Freq. Probe o Peak to

(M.D.Y) [MHZz] SIN Probe Probe Mod. Duty | average

type @) () sensitivity linearity | isotropy type factor | power

ratio
SN

01/23/2017 835 07/15 Head 42.3 0.89 PASS PASS PASS GMSK | PASS N/A
EP248
SN

01/23/2017 835 07/15E | Body 55.13 0.95 PASS PASS PASS | GMSK | PASS N/A
P248
SN

01/24/2017 1800 07/15E | Head 40.57 1.36 PASS PASS PASS GMSK | PASS N/A
P248
SN

01/24/2017 | 1800 | 07/15E | Body 53.60 1.50 PASS PASS PASS | GMSK | PASS N/A
P248
SN

01/25/2017 1900 07/15E | Head 40.31 1.38 PASS PASS PASS GMSK | PASS N/A
P248
SN

01/25/2017 | 1900 | 07/15E | Body 53.11 1.56 PASS PASS PASS | GMSK | PASS N/A
P248
SN

01/26/2017 2450 07/15E | Body 38.99 1.88 PASS PASS PASS OFDM | PASS N/A
P248
SN

01/26/2017 2450 07/15E | Body 52.10 2.01 PASS PASS PASS OFDM | PASS N/A
P248

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.
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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;

Report No.: TCT171025E001

Test Date: Dec. 23, 2016

Impedance in head liquid

Freq. (MH2) Teomp Dipole Impedance Re(z) Dipole Impedance Im(z)
(C) | measured | Target | A (¥5Q) | measured Target A (35Q)
835 22 52.30 51.60 0.7 2.30 1.70 0.6
1800 22 46.50 48.60 2.1 0.60 -0.50 11
1900 22 50.30 51.70 -1.4 4.20 4.90 -0.7
2450 22 45.90 46.50 -0.6 -0.36 -0.20 -0.1
Impedance in body liquid
Freq. (MH2) Teomp Dipole Impedance Re(z) Dipole Impedance Im(z)
(C) | measured | Target | A (#5Q) | measured Target A (35Q)
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 25
Return loss in head liquid
Freq. (MH2) Teomp Return loss(dB)
(<) measured Target A (£20%)
835 22 -30.35 -32.78 -7.41
1800 22 -37.89 -36.92 2.63
1900 22 -24.33 -25.64 -5.11
2450 22 -30.95 -29.05 6.54
Return loss in body liquid
Freq. (MH2) 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
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Report No.: TCT171025E001

. Freq. | Temp er / relative permittivity a(s/m) / conductivity p
liquid .
(MHz) | (C) | measured | Target | A (#5%) | measured | Target | A (#5%) | (kg/m3)
835 22 42.3 41.50 1.93 0.89 0.90 -1.11 1000
Head 1800 22 40.5 40.00 1.25 1.36 1.40 -2.86 1000
1900 22 40.31 40.00 0.78 1.38 1.40 -1.43 1000
2450 22 38.99 39.20 -0.54 1.88 1.80 4.44 1000
835 22 55.13 55.20 -0.13 0.95 0.97 -2.06 1000
Bod 1800 22 53.60 53.30 0.56 1.50 1.52 -1.32 1000
Y1900 | 22 | 5311 | 5330 | -0.36 1.56 152 2.63 1000
2450 22 52.10 52.70 -1.14 2.01 1.95 4 1000
Calibration
Test Equipment Manufacturer Model Serial Number Calibration Calibration
Date Due
(M.D.Y) (M.D.Y)
Signal Generator Angilent N5182A MY47070282 06/12/2016 06/11/2017
Multimeter Keithley Multimeter 2000 4078275 06/12/2016 06/11/2017
Network Analyzer Agilent 8753E US38432457 06/12/2016 06/11/2017
Power Meter Agilent E4418B GB43312526 06/12/2016 06/11/2017
Power Sensor Agilent E9301A MY41497725 06/12/2016 06/11/2017
Power Amplifier PE PE15A4019 112342 N/A N/A
Temperast:rnesé rH“m'd'ty Control company | TH101B 152470214 | 06/12/2016 | 06/11/2017
o END OF REPORT*++*
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