SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report

FCCID: 2AD9BQA5616

SAR REFERENCE DIFOLE CALIBRATION REPORT

SATIMO

Reft ACRZET 4. 14.5ATU.A

8 LIST OF EQUIPMENT

Equipment Summary Sheet

E ment Manufa r rrent Next Calibration
quipmen ufacturer / IdeatNcacion Ni. Cu ext Calibratio
Description Model Calibration Date Date
SAM Phantom Satimo ENinpegRifT (et Mook (aleted:  Hoi: oal
required. reguired.
. Walidated. Mo cal Walidated. Mo call|
COMOSAR Test Bench Version 3 MNA required. required.
Network Analyzer | Rnode Z&vi““warz SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 1212013 12/2016
Reference Probe Satimo EPG122 SN 18/M1M1 10/2015 10/2016
Multimeter Keithley 2000 1188656 1212013 1212016
Signal Generator Agilent E4438C MY 49070581 1212013 1212016
o Characterized prior to |Characterized prior to
Amplifier Aethercomm SN 046 test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A Us37181460 12/12013 1212016
- Characterized prior to |Characterized prior to
Directional Coupler Nama 421h-21 01306 test. Mo cal required. |test. Mo cal required.
Temperature and | 04 company 11-661-9 8/2013 8/2016
Humidity Sensor
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I Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench. All calibration resulis are traceable
o national metrology mstitutions,
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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 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 1800 MHz REFERENCE DIPOLE |
Manufacturer Satimo
Model | SIDIR00
Serial Number SN 07/14 DIP 1G800-301
Product Condition (new / used) MNew

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

'.F__

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The [EEE 1528, OET 63 Bulletin C and CEVIEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measurements were
performed to verify that the product comphies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum 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 5td. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent, The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

3 MEASUREMENT UNCERTAINTY

All uncertamties histed 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:

Frequeney band | Expanded Uncertainty on Return Loss

400-6000MHz | 0.1 dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 635 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty for wvalidation

measurements.
[ Scan Volume Expanded Uncertainty
g 20.3 %
10 g 201 %
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6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE
Frequency, MHz
170 170 A0 1PA0 1780 1B0D 1620 1B40  1RE0  BRD 1500
I N e
=30
35
Frequeney (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -20.19 =20 4340+ 7.2 i02
6.2 MECHANICAL DIMENSIONS
Frequency MMz Lmm hmm d mm
required measured required measured required measured
300 42000 £1 %, 250.0 £1 %. 6.35+1 %
450 290.00 21 . 166.7 £1 % 6351
750 176,00 #1 %, 100.0 +1 %, 6.35+1 %
8315 161.00 11 F%. 89.8 11 %. 361l %,
800 1490 1 %, B3.3 #1%. 16 +1%.
1450 B9.1 +1 % 51,7 +1 %, 3.6 21 %,
1500 BO.5 41 % 50.0 £1 %. 3621 %.
1640 79.041 % 45,7 +1 %, 16%1%
1750 75.2 41 % 429 #1 %, 1621 %.
1800 72.0 31 % pAsS 41,7 £1 %, PASS 3.6 1% PASS
1500 G8.0 1 ¥ 395 +1 % 3.6 21 %,
1950 663 +1% 18,5 +1 %, 3641 %,
2000 54,5 11 ¥ 37.5 %1 %. 3621 %.
2100 B1.0 41 % 35.7 #1 %, 3.6 1%,
2300 55.5 11 % 3261 %, 3611 %,
2450 51541 % 30.4 £1 %, 3621 %,
2600 48511 % 2B.EB 11 %, 361]l%,
3000 415 +1% 25,0 #1 %, 3.6 21 %,
3500 37.0£1 o 26.4 11 % 36z1l%
3700 34741 ¥ 26.4 #1 %, 3.641%.
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7  VALIDATION MEASUREMENT

The IEEE Sid. 1528, OET 65 Bulletin C and CEFIEC 62209 standards state that the system
validation measurements must be performed wsing a reference dipole meeting the fore mentioned
return loss and mechamcal dimension requirements, The validation measurement must be performed
aganst 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 o the longest dimension of the flat phantom, with the top
surface ol the dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

F"m sxid Relative permittivity (&) Conductivity [o) /m
required T measured required [ mizasured
00 453359 o 0.8745% a
450 4315:5% 08745%
750 41995% 0.89 45 %
835 4155% 0,90 45% l
500 415:5% 097 15%
1450 405 5% 1.2035%
1500 40.855% 12345%
1640 40.2:5% 13145%
1750 40,145 % L3715%
1800 0.05% PASS 1.40 45 % PASS |
1500 40,025 % 140 £5%
1950 40.025% 140 45%
2000 40.025% 1.4015%
2100 198 5% 14945%
2300 39,525 % 167 15%
| 2450 2925% 18D +5%
2600 39.0 5 % 18645%
3000 18525 % 240 45%
[ 3500 37.9.45 % 29145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 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 2009 SAMT1
| Probe | SN I&/11 EPGI22
Liguid Head Ligmd Values: eps’ ; 41.3 sigma - 1.38
Distance between dipole center and liquid 10.0 mm
Area scan resolution | dx=Bmm/dy=8mm
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SATIMO SAR REFERENCE MPOLE CALIBRATION REPORT
| Zoon Scan Resolution | dx=8mm/dy=8m/dz=5mm
Frequency | 1800 MHz
| Input power | 200 dBm
| Liquid Temperature | 20°C
: Lab Temperaiure | 21°C
| Lab Humidiry | 452
T 1g SAR (W/ke/W) 10 g SAR (W/ke/W)
reguired measured required measured
300 LES 1.94 .
450 4.58 ; 3.06
50 8.49 5.55
835 9.56 6.22
200 10.9 699
1450 29 16
1500 30.5 16.8
1640 34.2 184
1750 6.4 19.3
l.EiZIU ; 3-}:!-1 38.13 (3.81) 20.1 [ 2020 (2.02) -
1800 39.7 205
1950 40.5 209
2000 411 211
I 2100 il 436 219 |
2300 48.7 233
2450 52.4 24
2600 553 246
3000 63.8 257
3500 67.1 25

i SATIMOD

This report shall not be reproduced except in full, without the written approval of Shenzhen LCS Compliance Testing Laboratory Ltd.
Page 109 of 141




SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report

FCCID: 2AD9BQA5616

No.: LCS1606130892E

SAR REFERENCE MPOLE CALIBRATION

SATIMO

REPORT

Rell ACR 287614 SATUA

7.3 BODY LIQUID MEASUREMENT

i Relative permittivity (. Conductivity (o] 5/m
reguired measured required mizasured
150 61.925% 0.8015%
300 58.2 55 % 0.92 25%
450 56.7 #5 % 0,94 £5 %
750 55.545% 0,96 45 %
835 T s5215% 09745% |
900 55.025% 105 5%
915 55,025 % 1,06 5%
1450 54.025% 13015%
1610 53815% | 140s5% |
1800 53335% PASS 15245 % PASS
1900 533 85% 15245% |
2000 53.315% 152:5%
2100  532s5% 16245% |
2450 52745 % 19545% |
2600 52545% 21645%
3000 | s20:5% 27315%
3500 513 5% 33145%
5200 49.0 £10 % 5.30 210 %
5300 48.9 +10% 5.42 £10 %
5400 | ag7si0% 553 £10% |
5500 48.6 £10 % 5.65 £10 %
| 5600 | assion | s77s0% |
SR00 48.2 +10 % 6.00£10% |

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Page: 9/11

| Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 18/11 EPGI22
Liguid Body Liquad Values: eps’ ; 53,3 sigma ; | 51
|_Distance between dipole center and liquid L 100mm
| Area scan resolution | dx=8mm/dy=8mm____
Loon Scan Resolution dx=Bmm/dy=8m/dz=5mm
Frequency | 800 MHz
| Input power 20 dBm
| Liguid Temperature 21°C
Lab Temperature 21 =C
| Lab Humidity 45%
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Ire:::e?nw 1 g SAR (W/ke/W) 10 g SAR [W/ kg W)
measured measured
1800 35.03 (3.90) 20.65 {2.07)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

E ment Manufa r rrent Next Calibration
quipmen ufacturer / IdeatNcacion Ni. Cu ext Calibratio
Description Model Calibration Date Date
SAM Phantom Satimo Elinipeakifr (e Naal  eleted:  Hos: oal
required. reguired.
. Walidated. Mo cal Walidated. Mo call|
COMOSAR Test Bench Version 3 MNA required. required.
Network Analyzer | Rnode Z&vi““warz SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 1212013 12/2016
Reference Probe Satimo EPG122 SN 18/M1M1 10/2015 10/2016
Multimeter Keithley 2000 1188656 1212013 1212016
Signal Generator Agilent E4438C MY 49070581 1212013 1212016
o Characterized prior to |Characterized prior to
Amplifier Aethercomm SN 046 test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A Us37181460 12/12013 1212016
- Characterized prior to |Characterized prior to
Directional Coupler Nama 421h-21 01306 test. Mo cal required. |test. Mo cal required.
Temperature and | 04 company 11-661-9 8/2013 8/2016
Humidity Sensor
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COMOSAR E-Field Probe Calibration Report

Ref : ACR.262.8.14 SATUA

SHENZHEN LCS COMPLIANCE TESTING

LABORATORY LTD.
1F., XINGYUAN INDUSTRIAL PARK,TONGDA ROAD,
BAO'AN BLVD
BAO'AN DISTRICT, SHENZHEN, GUANGDONG CHINA
SATIMO COMOSAR DOSIMETRIC E-FIELD PROBE

FREQUENCY:1900MHz
SERIAL NO.: SN 3/14 DIP1G900-333

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

it - e i
7=+ [ACCREDITED]

10/01/2015

.'}-HJ'F?IJ'ILHTI-'.'

This document presents the method and results from an accredited COMOSAR Dosimetric E-Field
Probe calibration performed in SATIMO USA using the CALISAR / CALIBAIR test bench, for use
with a SATIMO COMOSAR systemn only, All calibmation results are traceable to national

metrology institutions.

This report shall not be reproduced except in full, without the written approval of Shenzhen LCS Compliance Testing Laboratory Ltd.
Page 113 of 141




SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AD9BQAS5616 No.: LCS1606130892E

COMOSAR E-FIELD PROBE CALIBRATION REPORT AL AT
SATIMO
Name Function Diate Signature
Prepared by : Jérome LUC Product Manager 10/14/2015 r?_-’:;
Checked by ; Jérdme LUC Product Manager 10/14/2015 i ==
Approved by : Kim RUTKOWSKI Quality Manager 1O/142015 | | juctiseis
Customer Name
Shenzhen LCS
Distribution : Compliance Testing
Laboratory Lid.
fssue Date Madifications
A 10/142015 Initial release

Thix dacument deall mor he reproduesd, fu
The

B releaeal in wolkode or part withoud

wrmation cortalied herein (s do be

FPage: 2/9

el b full aF dn paer, witlhonr she weitnes approved of 54 TIWD
sead ol v Fow dhe

pose o wlick (F b b ified s L8 mod b

v approval of 54 TG

Thisreport shall not be reproduced except in full, without the written approval of Shenzhen LCS Compliance Testing Laboratory Ltd.

Page 114 of 141




SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AD9BQAS5616 No.: LCS1606130892E

SATIMO SAR REFERENCE DIPOLE CALIBRATION REPORT AL PAATA
TABLE OF CONTENTS

RO e e T e e e s Pt AN CL A O My LS L e e e +

T Devier Ui Tt L e i s 4

3 FIE LTI | rissiminesn it e i s v M S b b i el 4
EN | General Information 4

4 Measurement Method ... s 5
4.1 Fetum Loss Requirements 5
4.2 Mechanical Requirements 5

5 Measurement UnCErEINTY ... .cooooiieiiee e ereeereesssessnes sees sees s ssemssem e smmssnsssamsenmssms 5
5.1 Return Loss 5
5.2 Dimension Measurement 3
53 Validation Measurement 5

6 Calibration Measurement REgults....... ..o imsssmasusomaiinmmssresssssnassensssssinsssanssnsanss ]
6. Fetum Loss and Impedance In Head Liquid 6
6.2 Return Loss and Impedance In Body Liguid 6
6.3 Mechanical Dimensions 6

T Validation mMeaSuremBL ... i i iisedasiiatai snns s swsnssisisnions st sianmi besssnsniasasioas §
7.1 Head Liguid Measurement _ 7
7.2 SAR Measurement Result With Head Liguid 5
7.3 Body Liquid Measurement 9
7.4 SAR Measurement Result With Body Liguid 10

B it ol i e o s e e T AT i 11

Page: 3/11

Thix dacument deall mor e reprodivend, excepl i fll oF 6 Faer, withour she wrines appraved af SATIMO
The imformation cortabied herebn s fo be wsed ondy for the parpose for whick if i sulmibled and (s aol e
B releaead in wokode or parr withou? weisiien approval nf SATIMG

Thisreport shall not be reproduced except in full, without the written approval of Shenzhen LCS Compliance Testing Laboratory Ltd.
Page 115 of 141




SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AD9BQAS5616 No.: LCS1606130892E

SAR REFERENCE DIPOLE CALIBRATION REPORT Rl AR G2 B SATEA
SATIMO

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62209 standards for reference dipoles used for SAR measurement system vahdations
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 Satimo
Model | SID1900
Serial Number_ SN 30/14 DIP1G900-333
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

T —

k

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The [EEE 1528, OET 635 Bulletin C and CEVIEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measurements were
performed to verify that the product comphies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum 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 5td. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent, The COMOSAR. test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

3 MEASUREMENT UNCERTAINTY

All uncertamties histed 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:

Frequeney band | Expanded Uncertainty on Return Loss

400-6000MHz | 0.1 dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 635 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty for wvalidation

mcusurcmeq_w.
Scan Volume Expanded Uncertainty
lg 203 %
10g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frem ancy, WHr
1800 1320 1840 1BG0 1RS0 1300 1920 1940 1980 19RD 2000

=30
35
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1900 -23.68 =20 51.202+ 6.4 0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Freguency, MHe

1800 1220 1840 1860 1BBO 1300 1520 1940 1960 1980 2000

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance ]
1900 -20.22 20 BEN+96iQ |

6.3 MECHANICAL DIMENSIONS

Frequency MHz L mm hmm d mm
required measured required measured required measured
300 42000 21 T 250.0 21 % 65.35+1 %
450 29000 21 %, 166.7 &1 %, 635+l %
750 176.021 % 100.0 £1 fa, 6.35 11 %
B35 161.0021 %, B9.B 1% 36:1%
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300 | 1490e1% [ m3an 3641 %,
1450 89,141 % 51741 %, 3611%,
1500 BOS 41 % | s00s1% 1641 %,
1640 79.0 41 % [ 45711%, 361 %,
1750 75241%. 42941 %, 1641 %.
1800 720 41%. | s#rs% 1641%,
1500 68.0 11 %. PASS |  395#1% PASS 3641%. PASS
1950 66341 % 38541 %, 1641%.
2000 545 11 %. | wsn% 3.6 +1%.
2100 61.0 41 % 35741 %, 36:1%,
2300 555 +1 % 12641 % 3611%
2450 E1541% 0441 %, 3641%.
2600 | assn% | men% 1T 3en%
3000 41541 %. 5.0 41 %, 3641%.
3500 37.0:1% | ez 3641%,
3700 TRt _ 264 £1 %, 361 %.

7 VALIDATION MEASUREMENT

The IEEE 5td. 1528, OET 65 Bulletin C and CEVIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
return loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled Mat phantom, with the phantom constructed as outlined in the fore mentioned
standards. Per the standards, the dipole shall be positioned below the bottom of the phantom, with
the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

R Relative permittivity (5,') Conductivity (o) $/m
reguired measured required measured
Eli] 453 5% 087 #5%
450 4355% D87 45%
750 41915% 0.89:5%
815 41595% 0.90 45 %
800 41535% 08715%
1450 405 25 % L2045%
1500 40.435% | 12345%
1640 0235% 1.3145%
1750 40.1 5% 13745%
1800 40.0 25 % 140 15%
1900 40.0 25 % PASS 140 45% PASS
1950 40,025 % 1.40 5%
2000 40.0 25 % L4D$5%
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2100 39815% 149 15%
2300 195:5% 167 ‘T-S £
I 2450 I 39.2 45 % 180 45 % |
2600 39.0:5% 1.96 45 %
3000 IB525% 24045 %
3500 37.9:5% 29135%
7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEIIEC 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 | W forward power. In
bracket, the measured SAR is given with the used input power.

Sofiware DPENSAR V4
Phantom SN 20/09 SAMTIL
Probe SN 18/11 EPG122
Fquid Head Liguid Values: eps” : 411 sigma - 1.42

mstance between dipole center and liguid

100 mim

Area scan resolution

dx=Emm/dy=8mm

Zoon Scan Resolution

dx=Emm/dv=8m/dz=5mm

| Frequency I %00 MHz
{Inpuipower 20 8hin
Liguid Temperature 21°C
| Lab Temperalure 217
Lab Humidity 45 %
- 1 SAR (W/kg/W) 10 g SAR (W/kg/W)
reguired measured required migasured

300 2.85 154
450 4.58 306
750 B49 555
835 9.56 622
800 10.9 6.99
1450 2.9 16
1500 30.5 168
1640 342 18.4
1750 36.4 193
1800 384 201
1900 39.7 39.84 (3.98) 205 20.20{2.02)
1950 40.5 209 I
2000 41.1 211
2100 43.6 21.9
2300 48.7 233
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SATIMO
2450 52.4 24
2600 55.3 246
3000 638 257
3500 67.1 25
|
'jI"m‘1
= i \'\
= P
PN AN
2 e
‘0 S
e EREEET b 2 PEEEE
7.3 BODY LIQUID MEASUREMENT
F'E:H':Tz"" Relative permittivity [e,") Conductivity (o] S/m
reguired mixasured required measured
1 5100 R E 0.BD 5%
300 58295% 08245%
450 56.725% 0,04 5%
750 55.5 25 % 0965 %
B35 55,7 5 % 09745%
900 55.0 45 % 1.05 45 %
915 55,0 25 % 1,06 5%
H_‘m 54,045 % 1.30 #5 %
1610 53.8 45 % 1.4045%
1800 53315% 1.52 £5%
1900 53.3 25 % PASS 15245% | PASS
200000 533:5% 15245%
2100 53785 % 1.62 45 %
2450 52.715% 19515 %
2600 525 #5 9 21645 %
JOh 52,025 % 3 73 45 9
3500 51.325% 331+5%
5200 490110 % 530210%
5300 48.9 110 % 5.42 £10 %
5400 48.7 +10 % 553£10%
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5500 4B.6+10 % 5.65 +10 %
5““” 485 +10% 5. 77 10 %
SR00 48.2 +10 % 6.00 +10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

| Software

| OPENSAR V4

| Phantom

SN 200 SAMTI

| Probe

SN I8/ EMGl22

| Licguid

Bodv Liquid Values: eps’ @ 54.2 sigma : 1.54

| Distance between dipole center and liquid

100 mm

| Area scan resolution

dx=Bmm/dv=8mm

| Zoon Scan Resolution
| Frequency

Input power [ 20 dBm
| Liquid Temperature [21°C
[ Lab ln:mpn:r:nuré I21°C
[ Lab Humidity 59

dx=Emm/dy=8m/dz=5mm

1900 MHz

= L
g | 1§ SAR [W/kg/W) l 10 g SAR (W/kg/W)
miasured measured
1900 43.33 (4.23) 21.59(2.16)

i
L5
. Ty
" = 3 LY
[T} - ﬁ 1-—
; [y
o | 1.80-—1 _._...I_... _'_'".I-_‘_ -
L kL b L | 1
Vi Ll g 4 & & Wiz @D 2N NN %
¥ B | ¥ jd i
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

E ment Manufa r rrent Next Calibration
quipmen ufacturer / IdeatNcacion N Cu ext Calibratio
Description Model Calibration Date Date
SAM Phantom Satimo Elinipeakifr (e Naal  eleted:  Hos: oal
required. reguired.
. Walidated. Mo cal Walidated. Mo call|
COMOSAR Test Bench Version 3 MNA required. required.
Network Analyzer | Rnode Z&vi““warz SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 1212013 12/2016
Reference Probe Satimo EPG122 SN 18/M1M1 10/2015 10/2016
Multimeter Keithley 2000 1188656 1212013 1212016
Signal Generator Agilent E4438C MY 49070581 1212013 1212016
o Characterized prior to |Characterized prior to
Amplifier Aethercomm SN 046 test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A Us37181460 12/12013 1212016
- Characterized prior to|Characterized prior to
Directional Coupler Nama 421h-21 01306 test. Mo cal required. |test. Mo cal required.
Temperature and | 04 company 11-661-9 8/2013 8/2016
Humidity Sensor
Page: 11711
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SATIMO

Tl iTHCTFo Al detindi LI By

SAR Reference Dipole Calibration Report

Ref: ACR.2B7.8.14.58ATU.A

SHENZHEN LCS COMPLIANCE TESTING
LABORATORY LTD.

1F., XINGYUAN INDUSTRIAL PARK, TONGDA ROAD,
BAO'AN BLVD

BAO'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 2450 MHZ
SERIAL NO.: SN 07/14 DIP 2G450-306

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

[ACCREDITED

10/01/2015

St p

['his document presenis the method and results from an accredited SAR reference dipole calibrotion
|\..-r|hrm.,-d in SATIMOD USA u'\.il'l;._! the COMOSAR iest bench. All calibraiion resulis are traceable
to national metrology institutions.
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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 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 Satimo
Model | SID2450
Serial Number SN 07/14 DIP 2G450-306
Product Condition (new / used) MNew

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

'.F__

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The [EEE 1528, OET 63 Bulletin C and CEVIEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measurements were
performed to verify that the product comphies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum 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 5td. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent, The COMOSAR. test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

3 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequeney band | Expanded Uncertainty on Return Loss

400-6000MHz | 0.1 dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 635 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty for validation

mcusurcmeq_w.
Scan Volume Expanded Uncertainty
lg 203 %
10g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE
Frequency, MHz
7IB0 MO0 MM M40 2480 2450 25D 2520 550

7350
0-

b

511, 0B

]

0=
Frequeney (MHz Return Loss (dB) Requirement (dB) Impedance
2450 -25.61 -20 44.90-09i0
6.2 MECHANICAL DIMENSIONS
Frequency MMz Lmm hmm d mm
required measured required measured required measured

300 4200 £1 %, 2500 £1 %, 63511 %
450 29000 21 T 166.7 £1 % 6.35 1 ¥
750 176,021 %, 100.0 £1 %. 63541 %
B35 161.0021 %. 89.6 11 %. Jetlh,
Q00 1490021 %, B33 +1% 1621%.

I 1450 85141 % 51.7 1 %, 3.611%.
1500 BO.5 41 ¥ 50.0 +1 %. 3621%.
1640 __.-'-"-."_U 11 % 45.7 :!'_J‘!ﬁ. 16%1%
1750 75.2 41 % 42.9 41 %, 1621%.
1800 72.0 1 % 41.7 %1 % 3etl %
1500 G68.0 41 ¥ 395 +1 % 3621
1950 Bbb.3 +1 % 8541 % 1611%,
2000 564.5 21 % 3751 % 362]1%.
2100 61.0 41 % 5.7 +1 %, 3621%,
2300 55.511% 32.6 11 %, 3641 %.
2450 51541 % PASS 0.4 +1 %, PASS 3641 %, FASS
2600 48511 % 28.B 11 %. 36zl
3000 415 1% 25041 %, 3621 %,
3500 37021 * 26.4 £1 %, 3bilh
3700 34,741 ¥ 26.4 1 % 3.6%1%.
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7  VALIDATION MEASUREMENT

The IEEE Sid. 1528, OET 65 Bulletin C and CEFIEC 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
aganst 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 ol the dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

F"m sxid Relative permittivity (&) Conductivity [o) /m
required T measured required [ mizasured

00 453359 o 0.8745% a
450 4315:5% 08745%
750 41995% 0.89 45 %
835 4155% 0,90 45% l
500 415:5% 097 15%
1450 405 5% 1.2035%
1500 40.855% 12345%
1640 40.2:5% 13145%
1750 40,145 % L3715%
1800 0.05% 1.40 45 % 1
1500 40,025 % 140 £5%
1950 40.025% 140 45%
2000 40.025% 1.4015%
2100 198 5% 14945%
2300 39,525 % 167 15%

| 2450 2925% PASS 18D +5% PASS
2600 39.0 5 % 18645%
3000 18525 % 240 45%

[ 3500 37.9.45 % 29145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 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. 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 20009 SAMTI
| Probe | SN I&/11 EPGI22
Liguid Head Ligmd Values: eps” ; 39.0 sigma : 1.77
Distance between dipole center and liquid 10.0 mm
Area scan resolution | dx=Bmm/dy=8mm
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| Zoon Scan Resolution

dx=Fmm/dy=8m/dz=5mm

Frequency 2450 MH=
| Input power | 200 dBm
| Liquid Temperature | 20°C
: Lab Temperaiure | 21°C
| Lab Humidiry | 452
T 1g SAR (W/ke/W) 10 g SAR (W/ke/W)
reguired measured required measured
300 1B 1.94 .
450 4.58 3.06
50 8.49 5.55
835 9.56 6.22
900 109 699
1450 25 16
1500 30.5 16,8
1640 34.2 18.4
1750 36.4 19.3
1800 38.4 0.1
1900 30.7 205
1950 40.5 209
2000 411 211
i 2100 436 119 |
2300 48.7 233
2450 524 53,89 (5.39) 24 24.15 (2.42)
2600 553 46 . |
3000 638 25,7
3500 67.1 25

spraivard inf A TIM D)
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This report shall not be reproduced except in full, without the written approval of Shenzhen LCS Compliance Testing Laboratory Ltd.

Page 131 of 141




SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report

FCCID: 2AD9BQA5616

No.: LCS1606130892E

SAR HEFERENCE MPOLE CALIBRATION REPORT

SATIMO

Rell ACRIAT.E. 14 BATU.A

7.3 BODY LIQUID MEASUREMENT

i Relative permittivity (') Conductivity (o] 5/m
reguired measured required mizasured
150 61.925% 0.8015%
300 58.2 55 % 0.92 25%
450 56.7 #5 % 0,94 £5 %
750 55.545% 0,96 45 %
835 55.245 % 09745% |
900 55.025% 105 5%
915 55,025 % 1,06 5%
1450 54.025% 13015%
1610 53815% | 140s5% |
1800 53.335% 15245 %
1900 533 85% 15245%
2000 53.315% 152:5%
2100 53.235% 16245% |
I 2450 51785% PASS 19515% | pASS
2600 52545% 21645%
3000 52,045 % 27315%
3500 513 5% 33145%
5200 49.0 £10 % 5.30 210 %
5300 48.9 +10% 5.42 £10 %
5400  4BT+I0% 553210% |
5500 48.6 £10 % 5.65 £10 %
| 5600 | assion | s77s0% |
SR00 48.2 +10 % 6.00£10% |

74 SAR MEASUREMENT RESULT WITH BODY LIQUID
| Software OPENSAR V4
Phantom SN 20/09 SAMTI
Probe SN 18/11 EMGI122
Liguid Body Liquad Values: eps’ : 53,0 sigma ; 1,93

|_Distance between dipole center and liquid

10.0mm

| Area scan resolution
Loon Scan Resolution

-+

dx= Hmm:df!lmm

dx=Bmm/dy=8m/dz=5mm

Frequency 2450 MHz
| Input power 20 dBm
| Liguid Temperature 21°C
Lab Temperature 21 =C
| Lab Humidity 45%
Page: 9/11
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Frequency
M 1g SAR [W/ke/W) 10 g SAR (W/kg/w)
measured measured
2450 54.85 (5.46) 24.58 {2.46)

Page: 10711
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

E ment Manufa r rrent Next Calibration
quipmen ufacturer / IdeatNcacion Ni. Cu ext Calibratio
Description Model Calibration Date Date
SAM Phantom Satimo Elinipeakifr (e Naal  eleted:  Hos: oal
required. reguired.
. Walidated. Mo cal Walidated. Mo call|
COMOSAR Test Bench Version 3 MNA required. required.
Network Analyzer | Rnode Z&vi““warz SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 1212013 12/2016
Reference Probe Satimo EPG122 SN 18/M1M1 10/2015 10/2016
Multimeter Keithley 2000 1188656 1212013 1212016
Signal Generator Agilent E4438C MY 49070581 1212013 1212016
o Characterized prior to |Characterized prior to
Amplifier Aethercomm SN 046 test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A Us37181460 12/12013 1212016
- Characterized prior to |Characterized prior to
Directional Coupler Nama 42120 01306 test. Mo cal required. |test. Mo cal required.
Temperature and | 04 company 11-661-9 8/2013 8/2016
Humidity Sensor
Page: 11711
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6.EUT TEST PHOTOGRAPHS
Photograph of the depth in the Head Phantom

Photograph of the depth in the Body Phantom
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Head Setup Photo(Left cheek)

Head Setup Photo(Left Tilt )
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Head Setup Photo(Right Cheek )

Head Setup Photo(Right Tilt)
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10mm body-worn Back Side Setup Photo(hotspot)

10mm body-worn Front Side Setup Photo(hotspot)
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10mm body-worn Right Side Setup Photo(hotspot)

10mm body-worn Left Side Setup Photo(hotspot)
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10mm body-worn Top Side Setup Photo(hotspot)

10mm body-worn Bottom Side Setup Photo(hotspot)
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7.EUT Photographs

LTE Diversity (';:-‘-' [ : ’ o BT/WIFI/GPS
Antenna | | Antenna

2G/3G/4G
Main
I | i

89 101 ) 7 28 29 30 31

IOmmmnn )
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