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Test mode: WCDMA Band II, Middle channel (Left Head Cheek)
Product Description: Mobile Phone
Model: X325
Test Date: April 28th, 2016
Medium(liquid type) HSL_1900
Frequency (MHz) 1880.000
Relative permittivity (real part) 40.5
Conductivity (S/m) 1.42
E-Field Probe SN 27/15 EPG0262
Crest factor 1.0
Conversion Factor 2.26
Sensor-Surface 4mm
Area Scan dx=8mm dy=8mm
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm
Variation (%) -1.27000
SAR 10g (W/Kg) 0.220256
SAR 1g (W/Kg) 0.601127
SURFACE SAR VOLUME SAR
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Test mode: WCDMA Band II, Middle channel (Body Back Side)

Product Description: Mobile Phone
Model: X325
Test Date: April 28th, 2016

Medium(liquid type) MSL_1900
Frequency (MHz) 1880.000
Relative permittivity (real part) 53.32
Conductivity (S/m) 1.47
E-Field Probe SN 27/15 EPG0262
Crest factor 1.0
Conversion Factor 2.32
Sensor-Surface 4mm

Area Scan dx=8mm dy=8mm
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm
Variation (%) -1.390000
SAR 10g (W/Kg) 0.334406
SAR 1g (W/Kg) 0.769233
SURFACE SAR VOLUME SAR
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SARTIMO Calibration Certificate-Extended Dipole Calibrations

According to KDB865664 D01, Dipoles must be recalibrated at least once every three years; however,

immediate re-calibration is required for following conditions. The test laboratory must ensure that the required

supporting information and documentation have been included in the SAR report to qualify for extended 3-year
calibration interval.

1)  When the most recent return-loss, measured at least annually, deviates by more than 20% from the
previous measurement (i.e. 0.2 of the dB value) or not meeting the required -20 dB return-loss
specification

2) When the most recent measurement of the real or imaginary parts of the impedance, measured at least
annually, deviates by more than 5Q from the previous measurement

Dipole Verification plot: SID 835 SN 18/11 DIPC150

835MHz for Head:
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835MHz for Body:
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Dipole Verification plot: SID 1900 SN 18/11 DIPG153

1900MHz for Head:
] /ﬂf
/
1900MHz for Body:
| /"P’_’f
P

SID 835 SN 18/11 DIPC150 For Head

. Real Imaginary .
Retu(:jnB-)Loss D?&'I'Ba)te Impedance Impedance De(\g?te Calibrate Date
(Q) Q)
2634 | - e 50 | - 06/018/2014
-25.95 0.39 51.979 50 1.979 06/24/2015
SID 835 SN 18/11 DIPC150 For Body
-26.105 0.235 52.68 50 2.68 06/24/2015
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SID 1900 SN 18/11 DIPG153 For Head
. Real Imaginary .
Retu(:jné)Loss D?;;te Impedance Impedance De(\g?te Calibrate Date
(Q) Q)
2122 | - e 50 | - 06/18/2014
-20.818 0.402 47.348 50 -2.652 06/25/2015
SID 1900 SN 18/11 DIPG153 For Body
-21.154 0.066 48.680 50 -1.32 06/25/2015

According to up table, the return loss is <-20dB, deviates by less than 20% from the previous
measurement; the real Impedance are all within 5 Q compared to the required Impedance (50 Q).
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COMOSAR E-Field Probe Calibration Report

Ref : ACR.265.1.15.SATU.A

SIEMIC TESTING AND CERTIFICATION

SERVICES
ZONE A,FLOOR 1,BUILDING 2,WAN YE LONG

TECHNOLOGY PARK.SOUTH SIDE OF ZHOUSHI ROAD,
SHIYAN STREET . BAO'AN DISTRICT, SHENZHEN 518108 ,

GUANGDONG , PLR.C.

MVG COMOSAR DOSIMETRIC E-FIELD PROBE

SERIAL NO.: SN 27/15 EPGO262

Calibrated at MYVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144
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Calibration Date: 07/09/2015

Summary:

Instiuhons

Thas document presents the methed and results Fom an accredied COMOSAR Dosmetnie B-Field
Probe calibration perfomed in MYG UUSA uzing the CALISAR / CALIBAIR i1 bench, for use
with a COMOSAR system only.  All calibration resulis are traceable to national metrology
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Prepared by : Jérome LUC Product Manager 2272015 fjﬁ,'
Checked by : Jérbme LUC Product Manager 972272015 c,}:"’
Approved by ; Kim RUTEOWSKI Cality Manager 972272015 i Mt dted
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SIEMIC TESTING
AMD
CERTIFICATION
SERVICES

Dyigiribution !

I=ie Date Maodifications

A 9722/2015 Initial release
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COMOSAR E-FIELD PROBE CALIBRATION REFORT

Ref ACR2651 158ATU A

1 DEVICE UNDER TEST

Device Under Test

Device Tvpe COMOSAR DOSIMETRIC E FIELD FROBE
Manufacturer MY G
Model SSE2

Serial Number

S 27715 EPGO262

Product Condition (new [ used)

Mew

Frequency Range of Probe

0.7 GHz-60HEz

Resistance of Three Dipoles at Connector

Dipole 1: R1=0,222 MO
Dipole 2: R2=0,200 MO
Dipole 3: R3=0.200 MO

2.1

A vearly calibration interval is recommended.

2 PRODUCT DESCRIFTION

GENER AL INFORMATION

Figure 1 — MV COMOSAR Dosimerric E field Dipofe

MY G"s COMOSAR E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C and
CENEC 62209 standards,

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

3.1

3 MEASUREMENT METHOD

The IEEE 1528, OET 63 Bulletin C, CENELEC EMN30361 and CELTEC 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,

LINEARITY

Page: 410

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep o cover the SAR range 0L01TW/ kg to 100W/ kg

Thix doxcamen i shaall mo i be repwocks ced, exvcepd im Bl or im poard, wibhood she wrigien appvenal of MG
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32 SENSITIVITY
The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.

33 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as used for the lnearity
measurement. The required lower detection limit is 10 mW kg,

id  ISOTROPY

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 in the test configuration suggested for svstem
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave dipole.
The dipole is rotated about its axis (0°—1807) in 15° increments. At each step the probe is rotated
about its axis (0F-3607),

35 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decayv in the liquid when the probe is oriented normal to the interface. To evaluate this
effect, the liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide,
With the probe normal 1o the phantom surface, the peak spatial average SAR 5 measured and
compared to the analvtical value at the surface,

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEIIEC
2209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 95% confidence level using a coverage factor
of k=2, traceable to the International v Accepted Guides to Measurement Uncertainty,

U neertainty analysis of the probe calibration in wavegwide
oaia U ncertainty Probability Standard
ERROR SOURCES walue (%) Dhstribution Disrinor o Uncertaimty (%)
Incident or forward power 3.00% Rectangular J}'T 1 1.732%
Refected power 3.0 Rectan grular == J_’T— 1 1.732%
Lxgquid conductivity 5.00% Rectan grular — J’_’T— 1 288 T
l. i:|||.i-:|. '|1r,'."11r|illil«-ilv.I 4 (%% |{¢¢|w|3u|a| I \]E_ | 2 30090,
Ficld homegencity 3.00% Rectan gular al I 1.732%
Field probe positioning 5. 0% Rectan gular ﬁ | 2 RR T,
Page: 510
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495 % confidence level k

A

COMOSAR E-FIELD PROBE CALIBRATION REFORT Ref ACR265.1.158ATLL.A
Field probe lineanty ERL Rectan prular ﬁ | 1 1.732%
Combined standard uncertainty 5831%
Expamded wneertn inty 12 0%

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters

Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humdity 45 %

3l

SENSITIVITY IN AIR

Mormx dipole | Mormy dipole | Morme dipole
1 (pVA Vimp) |2 (pVAV/m il 3 [T Vimp©)
0.78 0.70 0.72
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mY¥) (m¥) (m¥)

o2 S0 il

Calibration curves ei=fiV) (i=1,2.3) allow to obtain H-field value using the formula:

71 [
Al e
EE["] ,-""; =
o ’_.,._v_"':"f Dipake 1
T am s Dipak 2
] s i
4 ﬁﬁf; Dinak 3
m-—
et
1= |
Of0 002 004 0O 008 040 042 014 018 Diandis

Wokae [+
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52 LINEARITY

Lineanty

1.00-
75
050
025
M pe———smr s s
25
50
75

A.00-)
0

Lins=iity Evror [dH)

B0 1S 200 250 30 D 400 0 4R
E-Fedd (¥

Limearity I+-1. 78% [+t 0088

53 SENSITIVITY IN LIOUID

Liguuid Fresgue ey Permillivily Fopibon (5 mi ConvF
(MHz +~
1O0RHz |
HL7 50 750 41 82 {0 168
BL7T50 750 5628 098 1.74
HIL& 50 835 42 5% 05 190
ELES0 LEA] 5319 .97
FIL S () L] 4205 098
B9} 5641 108
HL 1 8k 41.82 kL
L1 Bikh 5300 1.52
HL 1500 4038 1.41
BL 1500 5393 1.55
HI.2 40.12 1.43
BL 2Ky 5365 1.54
HIL24 50 1834 1. By 2 d
L2450 5270 1 54 239
HL 26} 3816 1 %3 228
] 51.55 221 234
3701 2 B9 231
52 9% 3.20 240
1644 4.7 196
50,70 511 204
3599 491 211
L5400 50001 564 223
HL 560} 3522 i 18 215
BL56H 4934 585 221
HL5# 3495 542 213
BLS Ry 48 54 6,23 218

LOWER DETECTION LIMIT: 8mW/ke
Page: 710
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54 ISOTROPY
HLS600 MHz
- Axial isotropy: 0.04 dB
- Hemispherical isolropy: 0,05 dB
iy cuivis
. el HEE —
=
\ | |
1 ) | |
ol |
i i
o3 T s
1
] <
18- ; o
10 08 86 04 £2 OF £2 04 06 6B 10
HL56M M Hz
- Axial isotropy: 0.04 dB
- Hemispherical isotropy: 0.07 dB
gy cufvic
" Ty
o = H“\ [Copcis w2
l | it |
/ .|
/ L —
o2
o !
2 :
0
y /
™ A
et P
11- g SO I J
10 08 65 04 £2 O0 §2 04 ©E BB 10
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HLS600 Mz
- Axial isotropy: 0.06 dB
- Hemispherical isotropy: 0.10 dB
[EEE IIETE TR
ey T =
1] = =
N = ¢
it X
o | |
ra-ll /
ll"k ,’II
iy
] \“ =
o b
1 4% £4 4F a3 o4 & O
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COMOSAR E-FIELD PROBE CALIBRATION REFORT

Ref ACR2651 158ATU A

[

LIST OF EQUIPMENT

Equipment Summary Sheet
i P
Flat Phantom MVG SN-20008-SAMT E‘ﬂi}g‘f'- No-cal mﬁ?;f No cal

COMOSAR Test Bench|  Version 3 NA E‘Lﬂi}f' it i’;q'ﬁf‘;jd o
Metwork Analyzer R“{dﬂgﬁcr’”a": SN 100152 0212013 02/2016
Reference Probe MVG EP 94 SN 3708 1012014 1012015

Multimeter Keithley 2000 1188856 1212013 1212016
Signal Generalor | Agilert E4436C M Y4907 0561 1212013 1212016
Ampifier Aethercomm SNOME | et |mst Ho < reauioat,
Power Meter HP E4418A US36261406 1212013 1212016
Power Sensor HP ECP-E264 US3T181460 1212013 1212016
Diractional Coupler | MNarda 4218-20 01388 Chamciedzed prior o) Chenactedzad prcr to

est. Nocal required.

tesl. Mo cal required.

[Malidated. Macal

Maldated. Ma cal

Wavaguida Mega Industries | 069Y7-158-13-712 [ Lo iy
\alidated. Macal  [Validated. Mo cal
Waveguide Transition | Mega Industies | 089Y7-158-13.701 [ CECF i inieg
Waveguide Temination| Mega Industies | 068Y7-158-12-701 [Validated. Nocal  Validated. No cal
raquinad. ragquirad.
T““Wm;”"am””“dw Contral Company 11-851-8 82012 82015
ansar
Page: 110
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SATIMO

Tha microwsye visson company

SAR Reference Dipole Calibration Report

Ref: ACR.170.1.14.SATU.A

SIEMIC TESTING AND CERTIFICATION
SERVICES
ZONE A.FLOOR 1,BUILDING 2,WAN YE LONG
TECHNOLOGY PARK,SOUTH SIDE OF ZHOUSHI ROAD,
SHIYAN STREET,BAO'AN DISTRICT, SHENZHEN 518108 ,
GUANGDONG , P.R.C.
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 18/11 DIPC150

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

Summary:

This document presents the method and results from an aceredited SAR. reference dipole calibration
performed 1n SATIMO TUSA using the COMOSAR test bench. All calibration results are traceable
to national metrelogy institutions.
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Name Function Date Signature
Prepared by . Jérdme LUC Product Manager 6/19/2014 :;%‘
Checked by ! Jérdme LUC Product Manager 6/19/2014 :;:-f‘ﬁ' }
Approved by : Kim RUTKOWSKI Quality Manager 6/19/2014 o Audsual

Customer Name
SIEMIC Testing
Distribution : and Certification
Services
Issue Date Madifications
A 6/19/2014 Initial release
Fage: 2/10

Thiz document shall net be reproduced, except in full or in part, without the written approval af SATIMO.
The information contained herein iz fo be used only for the purpose fer which it iz submitted and iz not fo
be released in whole or parr withour written approval of 24 TIMO.
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SATIMO

SAR REFERENCE DIPOLE CALIERATION REPORT Beft ACR.1T0.L14.5ATUA

1 Introduction

TABLE OF CONTENTS
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3 Product Description 4
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42 Mechanical Requirements
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3.1 Return Loss
5.2 Dimension Measurement
33 Validation Measurement
6 Calibration Measurement Besults 6
6.1 Return Loss and Impedance
6.2 Mechanical Dimensions

7 Validatio

71 Measurement Condition

7.2 Head Liquid Measurement

73 Measurement Result

7.4 Body Measurement Result

8 List of Equapmetnt e
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Thiz document shall net be repreduced, except in fill or in part, without the written approval gf SATIMO,
The information contained hevein iz fo be used only for the purpose for which it iz subnitted and is not fo
be released in whole or part withour written approval of 54 TIMO.
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SATIMO
1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CELIEC 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 Satimo

Model SID833

Serial Mumber SN 18/11 DIPC1350

Product Condition (new / used)

A yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

3.1 GENEERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OET 65 Bulletin

C and CEL'IEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 — Sarimo COMOSAR Validarion Dipole

Fage: 4/10

Thiz document shall not be repreduced, except in full or in part, without the written approval gf SATINMO.
The information contained herein iz fo be used only for the purpose for which ir iz submitted and is not o
be released in wheole or part without written approval gf SATIMO.
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SATIMO

4 MEASUREMENT METHOD

The IEEE 1328, OET 65 Bulletin C and CELITEC 62209 standards provide requirements for
reference dipoles used for system wvalidation measurements. The following measurements were
performed to verify that the product complies with the fore mentioned standards.

41 ERETUENLOSS 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 liquad filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The TEEE Std 1328 and CELTEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent. The COMOSAFR. test bench emplovs a 2 mum phantom shell thickness therefore the
dipoles sold for use with the COMOSAR. test bench comply with the requirements set forth for a 2
mun phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

3.1 RETURNLOSS

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
3-300 0.02 mm

533 NALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CELIEC

62209 standards were followed to generate the measurement uncertainty for walidation
MEasUTements.

Scan Volume Expanded Uncertainty
lg 20.3 %
10g 201 %
Page: 5/10

Thiz document shall net be repreduced, except in full or in part, without the written approval af SATIMO.
The informarion contained herain iz to be used enly for the purpose for which it is submitted and is not 1o
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE
Fraquency. MHz
715 A0 780 800 820 B40  B60 8A0 900 920 935
3
5 -
Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -26.34 =20 480+13;0
6.2 MECHANICAT DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured

300 4200 £1 %, 250.0 £1 %, 6.35+1 %,

450 2900 +1 % 166.7 +1 %. 6.35+1%

750 1760 £1 % 100.0 +1 %. 6.35 1 %.

835 161.0 +1 %, PASS BO.B£1%. PASS 3641 % PASS
900 1490 £1 %, 833+1%. 3.6+ %

1450 89.1 1] % 51.7 £1 %. 36+l %

1500 805 +1 %, 50.0 1 . 3.6+ %

1640 790 £1 % 45.7 £1 %. 3.6 +1 %.

1750 7521 % 4291 %, 3.6+ %

1800 72.0 £]1 % 41.7 £1 %. 36+l %

1900 680 1 %, 3951 %, 3.6+ %

1950 663 £1 ¥ 3851 %. 3.6 +1 %.

2000 645 +1 ¥ 3751 %, 3.6+ %

2100 B61.0 £1 % 35.7 £1 %. 36+xl%

2300 5551 % 3261 % 3.6+ %

2450 51541 % 30.4 1 %. 3.6 +1 %,

2600 485 +1 ¥ 288 1 %. 36+l %

3000 415 1 % 25.0 £1 %. 3.6 +1 %,

3500 37.021 % 26.4 £1 %. 3.6 +1 %.

3700 34.7£1 % 26.4+1%. 36+ %
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7  VALIDATION MEASUREMENT

The IEEE Std. 15328, OET 65 Bulletin C and CEIIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
return loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned
standards. Per the standards, the dipole shall be positioned below the bottom of the phantom_ with
the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.

7.1 MEASUREMENT CONDITION
Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liguid Head Liguid Values: eps” : 438 sipma : 0.91

Distance between dipole center and liguid

150 mm

Area zcan resolution

dr=8mm/dv=8mm

Zoon Scan Resolution

dre=Bmm/dv=8m/'dz=5mm

Frequency 835 MH=
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
72 HEAD LIQUID MEASUREMENT
Fre:.u-'ezncy Relative permittivity (£,") Conductivity (o) 5/m
required measured required measured
300 45345 % 0.87 £5 %
450 43545 % 0.8B7 £5 %
750 419+5% 0.85£5%
835 41545 % PASS 0.90 £5 % PASS
Q00 41545 % D.97 £5 %
1450 405+5% 1.20£5%
1500 40,45 % 1.23 5%
1640 402 +5% 1.31 £5%
1750 40.1+5% 1.37£5%
1800 4005 % 1.40 £5 %
1900 40.0+5 % 1.40 £5 %
1950 40.0 +5 % 14025 %
2000 4005 % 1.40 £5 %
2100 39845 % 1.49 £5 %
2300 3955 % 1.67£5%
2450 39245 % 1.80£5 %
2600 39.0+5% 1.86 £5 %
3000 38.5+5% 24035 %
3500 375945 % 2.91+5 %
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7.3 MEASUREMENT RESULT

The TEEE Std. 1528 and CELIEC 62209 standards state that the system wvalidation measurements
should produce the SAR wvalues 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 1s given with the used mput power.

Fre;:,“ fz”“ 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
required measured required measured

300 2.85 154

450 4.58 3.08

750 B.45 5.55

835 9.56 065 (0.96) 6.22 6.17 (0.62)
900 10.3 6.99

1450 29 16

1500 30.5 16.8

1640 34.2 18.4

1750 36.4 1%.3

1800 38.4 20.1

1900 39.7 20.5

1950 40.5 209

2000 411 211

2100 43.6 2189

2300 48.7 23.3

2450 52.4 24

2600 55.3 24.6

3000 63.8 257

3500 67.1 25

P T e

SUCE Faiked bl

™

‘-"-._

/
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74 BODY MEASUREMENT RESULT
Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Ligquid Body Liguid Values: eps” : 54.4 sigma : 0.94
Distance between dipole center and liguad 15.0 mm
Area scan resolution dx=8mm/dv=8nun
Zoon Scan Resolution dx=8mm/dv=8m/dz=5mm
Frequency 235 MH=
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 43 %
Fre:,“ ::”“ 1 g SAR (W/kg/W) 10 g SAR [W/kg/W)
measured measured
835 5.98 (1.00) 5.38 (0.64)
'I-l-\
1z
t =10
i na \\‘\.
q - E ‘\_\“-
1] -\“"'\.
n4 oy
ot | oree | ¥ nz- i |
0 2 4 B 0 12 14 16 18 30 32 4 I8 =30
E wmm B v Tinm|
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . . Current Next Calibration
T Model LA Dy S Date
SAM Phantom Satimo SN-20/09-SAM71 |/alidated. Nocal  Walidated.  No cal
required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  Walidated.  No cal
required. required.
Network Analyzer | F10d€ % Sehwarz SN100132 0212013 0212016
Calipers Carrera CALIPER-01 1212013 1202016
Reference Probe Satimo EPG127 SN 18/11 Charactenzed prior to |Characterized prior o

test. Mo cal required.

test. Mo cal required.

Multimeter Keithley 2000 1188656 122013 12/2016

Signal Generator Agilent E4438C MY49070581 122013 12/2016
Amplifier Aethercomm SN 046 Characterized prior to |Characterized prior to
test. Mo cal required. |test. Mo cal required.

Power Meter HP E44138A US38261498 122013 122016

Power Sensor HP ECP-E25A US37181460 122013 12/2016
Directional Coupler | Narda 4216-20 01386 Characterized prior fo |Characterized prior to
test Mo cal required. |test. No cal required.

Temperature and , , , .
Humidity Sensor Control Company 11-661-9 82012 8/2015
Page: 1010
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SAR Reference Dipole Calibration Report

Ref: ACR.170.4.14. SATU.A

SIEMIC TESTING AND CERTIFICATION
SERVICES
ZONE A,FLOOR 1,BUILDING 2,WAN YE LONG
TECHNOLOGY PARK,SOUTH SIDE OF ZHOUSHI ROAD,
SHIYAN STREET,BAO'AN DISTRICT, SHENZHEN 518108,
GUANGDONG, P.R.C.
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 1900 MHZ
SERIAL NO.: SN 18/11 DIPG153

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

LU LT
i i J"-‘:f
T Nl I
= =
il‘ ——
T e = - b
%7~ [ACCREDITED
f.l -

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed 1n SATIMO USA using the COMOSAR test bench. All calibration results are traceable
to national metrelogy institutions.
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SIEMIC Testing

Distribution : and Certification
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CETIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to wverify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID1900
Senal Number SN 18/11 DIPG153
Product Condition (new /[ used) used

A yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

3.1 GENEERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OET 65 Bulletin
C and CEL'TEC 62209 standards. The product is designed for use with the COMOSAER test bench
only.

Figure 1 — Sarimo COMOSAR Validation Dipole

Fage: 4/10
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CELTIEC 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 REQUIEREMENTS

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 liquad filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The TEEE Std 1528 and CEITEC 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 mum phantom shell thickness therefore the
dipoles sold for use with the COMOSARE. test bench comply with the requirements set forth for a 2
mim phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

3.1 RETURNIOSS

The following uncertainties apply to the return loss measurement:

Fregquency 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

3.3 VAIIDDATION MEASUREMENT

The gwidelines outlined m the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CELTEC
62209 standards were followed to generate the measurement uncertainty for walidation

MEeasurements.
Scan Volume Expanded Uncertainty
lg 20.3 %
10 g 20.1 %
Fage: 5/10
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6 CALIBRATION MEASUREMENT RESULTS

6.1 EETUERNLOSS AND IMPEDANCE

Frequency. MHz

1800 7820 1840 1860 1880 1900 19200 1340 1960 1580 2000
|:|._

-B-

g1, dB

-Af)-
Freguency (MHz) Return Loss (dB) Reguirement (dB) Impedance
1900 -21.22 -20 5270+860
6.2 MECHANICAI DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
300 420.0 £1 % 250.0 1 %. 5351 %
450 290.0 1 % 166.7 1 %. 5351 %
730 176.0 £1 %5 100.0 +1 %o 6.35%x1%
835 161.0 £1 % B9.B +1 % 3.6+1 %.
900 149.0 £1 % B3.3 +1 %. 3.6+1 %.
1450 89.1+1 ¥ 51.7 1 %. 3.6 +1 %.
1500 805 +1 ¥, 50.0 1 %. 3.6 +1 %.
1640 790 £] #. 457 1 % 3exl%
1750 752 1 . 429 +1 %. 3.6 +1 %.
1800 7201 %, 41.7 1 %. 3.6 +1 %.
1900 68.0£1 %, PASS 3951 %, PASS 3.6%1%. PASS
1950 6.3 1 *. 385+ % 3.6+l %
2000 64.5 £] #. 375+l % 3.6+l %
2100 6101 #. 3571 %, 3exl%
2300 5551 * 326%1%. 3.6+l %
2450 515#] #. 30.4+1%. 3.6+l %
2600 485 #] #. 288+1%. 3exl%
3000 415 #]1 #. 250%1 %, 3.6+l %
3500 37.021 % 26.4 1 %, 3.6+l %
3700 34.721 %o 26.4 1 %, 3.6+l %
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7  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CELIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
return loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled flat phantom_ with the phantom constructed as outlined in the fore mentioned
standards. Per the standards, the dipole shall be positioned below the bottom of the phantom, with
the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.

7.1 MEASUREMENT CONDITION

Software OPENSAR V4

Phantom SN 20/09 SAMT1

Probe SN 18/11 EPG122

Liguid Head Ligquid Values: eps” : 40.9 sigma © 1.43

Distance between dipole center and liguid

10.0 mm

Area scan resolution

di=Bmm/dv=8mm

Zoon Scan Fesolution

dre=Bmm/dv=8m/dz=5mm

Frequency 1900 MHz
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
7.2 HEADILIQUID MEASUREMENT
Fre:.u-'ezncy Relative permittivity (g,") Conductivity (@) 5/m
required measured required measured
300 4535 % 0.87 £5 %
430 4355 % 0.87 £5 %
750 419+5% 0.89 £5 %
835 4155 % 0.90 £5 %
9S00 415+5% 0.97 £5 %
1450 40.5+5 % 1.2025 %
1500 404 5% 123#5%
1640 40.2 5% 1.3125%
1750 4015 % 137:5%
1300 4005 % 1.40 =5 %
1900 4005 % PASS 1.40 25 % PASS
1950 4005 % 1.40 =5 %
2000 4005 % 1.40 25 %
2100 39B+5 % 1.45 =5 %
2300 3955 % 167 5%
2450 39.2+5% 1.80 =5 %
2600 39.0+5 % 15625 %
3000 385+5% 240 =5 %
3500 37.9+5 % 2.91 %5 %
Fage: 7/10
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7.3 MEASUREMENT RESULT

The IEEE Std. 1528 and CELIEC 62209 standards state that the svstem validation measurements
should produce the SAR walues shown below (for phantom thickness of 2 mm). within the
uncertainty for the system validation. All SAR wvalues are normalized to 1 W forward power. In
bracket, the measured SAR 1s given with the used input power.

FrE:,”f:“ 1 g SAR (W/kg/W) 10 g SAR [W/kg/W)
required measured required measured

300 2.85 1.24

450 458 3.06

750 B.43 5.55

335 9.56 6.22

00 1003 6.99

1450 29 16

1500 30.5 16.8

1640 34.2 18.4

1750 36.4 15.3

1800 384 201

1900 39.7 3952 (3.95) 20.5 20.03 {2.00)
1950 40.5 208

2000 41.1 211

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

SR Mam i Pappicyl bty
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e
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74 BODY MEASUREMENT RESULT

Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liguad Body Liguid Values: eps” : 53.6 sigma : 1.52
Distance between dipole center and liguad 10.0 mm
Area scan resolution dz=8mm/dv=8mm
Zoon Scan Resolution de=8mm/dy=8m/dz=5mm
Frequency 1900 MH=
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
Frer'j,” _i”“ 1.2 SAR [W/kg/W) 10 g SAR (W/kg/W)
measured measured
1200 42.88(4.29) 2139 (2.14)
Eg?\
B0
5 50 \\
5 am P
S am [,
2 [~ N
100 e ]
o4E- — b
oz ¢ E W 12 14 18 18 20 22 24 Z® I 30
Z [l
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . . Current Next Calibration
i Model R e ] Date
SAM Phantom Satimo SN-20/08-5AM71 [/alidated. Nocal — Nalidated.  No cal
required. required.
COMOSAR TestBench|  Version 3 NA Validated. Nocal  Validated.  No  cal
required. required.
Network Analyzer | RNod® & Schwarz SN100132 0212013 0212016
Calipers Carrera CALIPER-01 1212013 12/2016
Reference Probe Satimo EPG122 SN 18/11 Charactenzed prior to [Characterized prior to

test. No cal required.

test. Mo cal required.

Multimeter Keithley 2000 1188656 122013 122016

Signal Generator Agilent E4438C MY43070581 1212013 1220186
Amplifier Aethercomm SN 046 Characterized prior to (Characterized prior to
test. Mo cal required. |test. No cal required.

Power Meter HP E44184A UsS38261498 12/2013 12/2016

Power Sensor HP ECP-E26A UsS37181460 12/2013 12/2016
Directional Coupler | Narda 4216-20 01386 Characterized prior to Characterized prior to
test. No cal required. |test. No cal required.

Temperature and ; ; ; ;
Humidity Sensor Control Company 11-661-9 82012 82015
Fage: 10/10
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