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| Zoon Scan Resolution dx=Emm/dy=8m/dz=5mm
| Frequency | 750 MHz
| Input power | 20 dBm
! | |q|,ucl Temperature [ . B
Lab Temperaiure | 2126
| Lab Humidity | 45.%
i 15 SAR (W/kg/W) 10 8 SAR (W/kg/W)
reguired measured regjuired measured

300 EIBEI 1.94 I

AS0 . 4.58 . 3.06

| 8489 H.38 {0.84) 5.55 5.53 {0.55)

B35 9.56 = . : 622 =

G900 10:9 699

1450 29 7]

Ihﬂ.ﬂ 0.5 168
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1800 | 384 | 1 201

1900 309.7 205

1950 405 . . 20.9

2000 411 213

i 2100 I 436 . 21.9

2300 48.7 233

24350 524 24

2600 55.3 246
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SATIMO SAR REFERENCE DIFOLE CALIBRATION REPORT Bel ACRIATII4SATLLA
7.3 BODY LIQUID MEASUREMENT
Frequency | Relative permittivity (g} Conductivity [a) S/m
required measured required mizasured
150 619:5% 0.80£5%
i _',tl"]_‘ll  sa2ss% | eszessn
450 56.7 35 % 0.94:5%
750 55.545% PASS 05645 % PASS
835 T s52s8% | 1 oo7ssn |
S0 55.015% 1.05 5%
915 55.0 25 % 10645 %
| 1450 54025 % 13045%
1610 53815% 14D £5%
1800 53.335% 152+5%
1900 53345% | 15245% |
2000 53315% 1.52:5%
2100 Cs32s8% | | 1e2e5% |
I 2450 52745% | 18515%
2600 52.535% 21645%
3000 52015% 27345%
3500 51345 % 33145%
5200 A9.0 10 % 530110 %
5300 489 £10% 5.42 #10%
5400 | ewrsiom | ssacom |
5500 48610 % 5.65 £10 %
3600 ag5:0% | | s7s0m |
I f-iHill] 482110% 6.00 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

[Software OPENSAR V4
Phantom SN 2000 SAMTI
Probe SN 1811 EPGI22
._I.'_i'_quld Hnl.i}'_l__lg'_l.ud Values: eps’ 1 506 sigma s 0,99
| Distance between dipole center and liquid | 150w
| Area scan resolution dx=Bmm/dy=8mm__
Loon Scan Resolution dx=Bmm/dy=8m/dz=3mm
Frequency 750 MHz
| Input power 20 dBm
Liguid Temperature 2 G
Lab Tempemture 25 %
| Lab Humdity 1a5%
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Report No.:LCS1705161314AE

SAR REFERENCE DIPOLE CALIBRATION REPORT Rel ACRIAT.E14.5ATL.A
SATIMOD
i'requ-enq'r'
Py 1 g SAR (W/kg/W) 10 g SAR [W g/ W)
measured measured
750 8,77 (0.88) 5.78 (0.58)
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SAR REFERENCE DIPOLE CALIBRATION REPORT Bl ALETRT RIS

SATIMO

8  LIST OF EQUIPMENT

SAM Phantom Satimo SN-20/09-SAM71 E:’i’:;gd Nz :":E?;Ed el
COMOSAR Test Bench,  Version 3 NA ﬁf:el‘:" Hncal :ﬂ'ﬂfgi" Ma el
Network Analyzer | 00 & Schwarz SN100132 02/2013 02/2016
Calipers Carrera i CALIPER-O1 i 1212013 ' 12i216
Refarence Probe Satimo EPG122 SN 1811 1072015 1072016
Multimeter Keithley 2000 1188656 122013 1212016
Signal Generalar | Agilent E4436C MY49070581 1212013 1212016
F— Aethercomm SN [ remured. |ieat. Mo e reured.
Power Meter HP E4418A US38261408 1212013 1212016
Power Sensor HP ECP-EZEA US3T181460 1272013 1212016
Directional Coupler | Narda 4216-20 01386 ﬁtf"“,ﬁf’;:f‘r’eﬂﬂfr';f 'Eﬁfﬁﬂjﬁfﬂﬁ[jﬁx
L*u“:n?:;:‘;'jngf | Control Company 11-661-0 8/2013 82016
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5.3SID835Dipole Calibration Ceriticate

SATIMO

Thi FbCTEm iy it Oy

SAR Reference Dipole Calibration Report

Ref: ACR2ET A M4.5ATUA

SHENZHEN LCS COMPLIANCE TESTING

LABORATORY LTD.

IF., XINGYUAN INDUSTRIAL PARK, TONGDA ROAD,

BAO'AN BLVD

BAO'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA

SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 07/14 DIP 0G835-303

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

%7y [AccREDITED)
10/01/2015

Summary;

o national metrology institutions

This document presents the method and results trom an aceredited SAR reference dipole calibration
pet formed i@ SATIMO LISA tang the COMODSAR s bonch Al calibration resalts are traceable
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Prepared by . Jérome LUC Product Manager 10/14/2015 :;j’ -'3-5
Checked by ; Jérome LUC Product Manager 10/14/2015 ;jffﬁ
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SATIMO SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR28TA.L4SATU.A
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD. FCC ID:2AMKQ-Y6MAX Report No.:LCS1705161314AE

SAR REFERENCE DIPOLE CALIBRATION REPORT Rt ACE LA M SATIA
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 vahidations
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
Manufiacturer Satimo
Model SIDE35
| Serial Number | SN 07/14 DIP 0G835-303
| 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 ageordance to the IEEE 15328, OET 65 Bulletin
C and CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

F-_'—

e

Figure 1 — Satimo COMOSAR Validation Dipole
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SAR REFERENCE DIPOLE CALIBRATION REPORT Rt ACE LA M SATIA
SATIMO

4 MEASUREMENT METHOD

The [EEE 1528, OET 65 Bulletin C and CEVIEC 62209 standards provide reguirements for
reference dipoles used for system wvalidation 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 retum loss of -20
dB or better. The return loss measurement shall be perfonmed against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical compenents 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 fora 2
mm phantom shell thickness.

3 MEASUREMENT UNCERTAINTY

All uncertamties hsted 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 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

52 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 15328, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed (o generate the measurement uncertainty for validation

measurements. ] - -
Scan Volume Expanded Uncertainty
1g 203 %
10 g 201 %
- Page: 5/11 _
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.

FCC ID:2AMKQ-Y6MAX Report No.:LCS1705161314AE

SAR REFERENCE DMPOLE CALIBRATION REPORT

SATIMO

Ref: ACRZETA 14 SATL. A

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

:El'-r.':L BRCY, WiHr

840  BED &R 900

Fals TR i 1

o

11,

Requirement (dB)

Fregquency (MHz) Return Loss (dB) Impedance
835 -24.46 =20 55.4 (3 + 2.4 i)
6.2 MECHANICAL DIMENSIONS
Frequency Rz Lmm hmm d mm
required measured requined measured required mgasured

300 . 4200 21 %, 250021 % 6351 %

450 . 250.0 21 % 166.7 £1 % 5:35 +1 ¥

150 176.0 81 %, 100.0 £1 %, 63541 ¥,

835 161021 %, pASS BO.E 41 %, PASS 36121 %. PASS
200 . 1490 21 . B 34+1% 3621 %

1450 B9.1 11 % 51,711 % 36tl%,

1500 BO.S 41 % .‘.0.{!:1—%. 3621 %

1640 _.-":"_UTl_'Y- 45 ?_I?'i-':. 6zl

1750 T5.241% 41541 M. 16%1%. l

1300 72031% 41,7 11 %, 3681 %

1500 G8.0 41 % 3951 % N S

1950 Bh.3 +1 %, 8521 % 361%,

2000 B4.5 21 % 37.521% 362l %

1100 B1.0 11 % BTN 3.6 21 %

2300 55.511% 32,611 % 3611 %,

2450 51541% 304 210, 3621 %

2600 8511 % BBl 3611 %

3000 Al5 1% 25041 %, 3621 %

3300 Ar.0x1 26,4 11 %, ezl I

3700 34,701 W 6.4 41 M 3621 !
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.

FCC ID:2AMKQ-Y6MAX

Report No.:LCS170516131AE

SATIMO

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ral ACRZET A 4. 5ATL A

7

VALIDATION MEASUREMENT

The IEEE Std. 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 vahidation measurement must be performed
against a hiquid 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 deseribed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT
"‘:‘:I oy Relative permittivity () Conductivity (o) S/m

| required T messured | required T measured |
[ 300 45345 % | omresw |
i 450 43515% 0.8745%
. 750 419 35% 0.8945%
" 835 $1515% PASS 0.805% PASE

500 AL5 5% 087 45%
_ 1450 40515% 1205%
| 100 0415% | 12355%
| 1640 40.245% 1.315%

1750 40.1 5% 13745%
BT 0.015% 140:5% |

1500 40.0 45% 140 5%

1950 0.0:5% 14045%

2000  40015% 1.40 5%

2100 198 5% 14545%
: 2300 39.5 15 % 167 £5%
[ 2450 19,2 45% [ 18045%
[ 2600 39.0 15 % 196 5%
T 20555
l 3500 17915% 29145% .

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 15328 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
brackel, the measured SAR is given with the used input power.

Software DPENSAR VA4
Phantom SN 20009 SAMTL
| Probe SN 18/11 EPG122
Liguid Head Ligmid Values: eps” ; 42.3 sigma - (1.92
Distance between dipole center and liquad | 5.0 mm
Arca scan resolution dx=Emm/dy=8mm
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S ATIMO SAR REFERENCE DIPOLE CALIBRATION REPORT Eaf AR IR AL SATLLA
| Zoon Scan Resolution dx=Emm/dy=8m/dz=5mm
| Frequency | 835 MHz
| Input power | 20 dBm
! | |q|,ucl Temperature [ . B
| Lab lemperaiure | 2126
| Lab Humidity | 45.%
i 15 SAR (W/kg/W) 10 8 SAR (W/kg/W)
reguired measured regjuired measured
300 EIBEI 1.94 I
AS0 . 4.58 . 3.06
750 849 5.55
835 956 | 9.60(096) | 622 | 620{062)
G900 10:9 699
1450 29 7]
lhﬂ.ﬂ 0.5 168
1640 4.2 18.4
1750 36.4 19.3
1800 | 384 | 1 201
1900 309.7 205
1950 405 . . 20.9
2000 411 213
i 2100 I 436 . 21.9
2300 48.7 233
24350 524 24
2600 55.3 246
3000 £3.8 257
3500 67.1 25

1) fmi T Tl
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD. FCCID:2AMKQ-Y6MAX Report No.:LCS1705161314E

SATIMO SAR REFERENCE DIFOLE CALIBRATION REPORT Bel ACRIETAHSATLLA
7.3 BODY LIQUID MEASUREMENT
Frequency | Relative permittivity (g} Conductivity [a) S/m
required measured required mizasured
150 619:5% 0.80£5%
i _',tl"]_‘ll  sa2ss% | eszessn
450 56.7 35 % 0.94:5%
750 55.5 250 05645 %
835 C 3525% | PASS | 097:5% |  PASS
S0 55.015% 1.05 5%
915 55.0 25 % 10645 %
| 1450 54025 % 13045%
1610 53815% 14D £5%
1800 53.335% 152+5%
1900 53345% | 15245% |
2000 53315% 1.52:5%
2100 Cs32s8% | | 1e2e5% |
I 2450 52745% | 18515%
2600 52.535% 21645%
3000 52015% 27345%
3500 51345 % 33145%
5200 A9.0 10 % 530110 %
5300 489 £10% 5.42 #10%
5400 | ewrsiom | ssacom |
5500 48610 % 5.65 £10 %
3600 ag5:0% | | s7s0m |
I f-iHill] 482110% 6.00 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

[ Software OPENSAR V4
Phantom SN 20 SAMTI
Frobe SN 1811 EPG123
Liquid Body Liquid Values: eps’ - 54,1 sigma - 097
| Distance between dipole center and liquid | 150w
| Area scan resolution dx=Bmm/dy=8mm__
Loon Scan Resolution dx=Emm/dy=8m/dz=3mm
Frequency 835 MHz
| Input power 20 dBm
Liguid Temperature 2 G
Lab Tempemture 25 %
| Lab Humdity 1a5%
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SAR REFERENCE DIPOLE CALIBRATION REPORT Rel ACR Z87A L4 SATLLA
SATIMOD
i'requenqi"
Py 1 g SAR (W/kg/ W) 10 g SAR (W /fg/W)
measured measured
-] .80 (0.9%) 6,49 [DLed)
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SAR REFERENCE DIPOLE CALIBRATION REPORT Bl ALETREA ST

SATIMO

8  LIST OF EQUIPMENT

SAM Phantom Satimo SN-20/09-SAM71 E:f:;gd T :":E?;Ed el
COMOSAR Test Bench,  Version 3 NA ﬁf:el‘:" Hncal :ﬂ'ﬂfgi" Ma el
Network Analyzer | 00 & Schwarz SN100132 02/2013 02/2016
Calipers Carrera i CALIPER-O1 i 1212013 ' 12i216
Refarence Probe Satimo EPG122 SN 1811 102016 1072016
Multimeter Keithley 2000 1188656 122013 1212016
Signal Generalar | Agilent E4436C MY49070581 1212013 1212016
F— Aethercomm SN [ remured. |iest. Mo o renured.
Power Meter HP E4418A US38261408 1212013 1212016
Power Sensor HP ECP-EZEA US3T181460 1272013 1212016
Directional Coupler | Narda 4216-20 01386 ﬁtf"“,ﬁf’;:f‘r’eﬂﬂfr';f 'Eﬁfﬁﬂjﬁfﬂﬁ[jﬁx
L*u“:n?:;:‘;'jngf | Control Company 11-661-0 B/2013 82016
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5.4SID1800 Dipole Calibration Certificate

SATIMO
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SAR Reference Dipole Calibration Report

Ref: ACR2RT.6.14.5ATUA

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: 1800 MHZ
SERIAL NO.: SN 07/14 DIP 1G800-301

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

% ooy [ACCREDITED)

0 ERLEROC

10/01/2015

I Stmmary:

This documwent presents the method and resalts from an aceredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench.  All calibration resulis are trisceahle
to national metrology insttutions.

This report shall not be reproduced except in full, without the written approval of Shenzhen LCS Compliance Testing Laboratory Ltd.
Page 126 of 182




SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD. FCC ID:2AMKQ-Y6MAX Report No.:LCS1705161314AE

SAR REFERENCE DIFOLE CALIBRATION REPORT Ref: ACRIBT.A 14 SATULA
SATIMD
Name Function Dhate Sicnature
Prepared by : Jérome LUC Product Manager 10/14/2015 :;j’ Bt
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fsxue Diree Modifications
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SAR REFERENCE DIPOLE CALIBRATION REPORT Rt ACE SREISATIA
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 vahidations
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 |
Manufiacturer Satimo
Model SIDI80O
| Serial Number | SN 07/14 DIP 1GB00-301
| 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 ageordance to the IEEE 15328, OET 65 Bulletin
C and CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

F-_'—

e

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The [EEE 1528, OET 65 Bulletin C and CEVIEC 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,

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical compenents 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 uncertamnies hsted below represent an expanded uncertamty expressed at approximately the 95%,
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

51 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

52 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 15328, OET 65 Bulletin C, CENELEC EN530361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty for wvalidation

measurements.
' Sean Volume Expanded Uncertainty
1g 20.3 %
0 g 201 %
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6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

:EP.':L BRCY, WiHr

17000 1720 7200 1760 1FRD 1ARD 18X 1840 R0 1ERD 130

Fregquency (MHz) ] Return Loss (dB) Requirement (dB) . Impedance

1800 -20.19 -20 | 4340+7.2 0

62 MECHANICAL DIMENSIONS

Frequency Rz Lmm hmm d mm
required measured required measured required measured

300 | aw041% | [ 2500201% | eassin

450 . 250.0 £1 % . . 166.7 =1 % . 635408 ¥

750 176.0 21 %, 1000 £1 %, LELESS Y

835 161.0 21 % I I 89.8 11 % . 3611%,

900 EETTT T | m33s1% | 26s1m

1450 #9.111% 51,711 % 36z1%,

1504 B0.5 11 % S0.0 :.-'}:. 3.6 %] %

140 _.-":"_UTl_‘Y- 45 ?_I? . ie6il%

1750 . T5.2 #1 % [ . 42941 %, [ 1621 %. [
1800 | nouan | PASS | a7s1% PASS | z6n1% PASS
1500 . GB.0 +1 % [ . 31951 % [ 3621 %

1950 bh.3 +1 %, 18,5 +1%. 3611%,

206040 54.5 +1 % . . 37.521 % . 36 2] %,

2100 Bl.O 1% BT+l N 3.6 %1%

2300 . 55511 % [ I 32621 %. [ 3611 %,

2450 | sissaam | | an% | agan

2600 [ 3511 % [ . 2EB11 % - [ 161l%

3000 415 +1 % 25041 %. 3621 %,

35400 . A7.H1 ™ . . 26.4 11 %, | ieilm I
3700 [ 4. Tel % [ . 264 +1 % 3641 %, !
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SAR REFERENCE DIPOLE CALIBRATION REPORT
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7

VALIDATION MEASUREMENT

The IEEE Std. 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 hiquid 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 deseribed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT
"‘:‘:I oy Relative permittivity () Conductivity (o) S/m

| required T messured | required T measured |
[ 300 45345 % | omresw |
i 450 43515% 0.8745%
. 750 419 35% 0.8945%
" 835 $1515% 0.90£5%

500 AL5 5% 087 45%
_ 1450 40515% 1205%
| 100 0415% | 12355%
| 1640 40.245% 1.315%

1750 40.1 5% 13745%
BT 0.015% PASS 14045% | PASS

1500 40.0 45% 140 5%

1950 0.0:5% 14045%

2000  40015% 1.40 5%

2100 198 5% 14545%
: 2300 39.5 15 % 167 £5%
[ 2450 19,2 45% [ 18045%
[ 2600 39.0 15 % 196 5%
T 20555
l 3500 17915% 29145% .

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 15328 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
brackel, the measured SAR is given with the used input power.

Software DPENSAR VA4
Phantom SN 20009 SAMTL
| Probe SN 18/11 EPG122
Liguid Head Ligmid Values: eps” ; 41.3 sigma - 1.38
Distance between dipole center and liquad 1 0.0 mm
Arca scan resolution dx=Emm/dy=8mm
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| Zoon Scan Resolution dx=Emm/dy=8m/dz=5mm
| Frequency | LROO MHz
| Input power | 20 dBm
! | |q|,ucl Temperature [ . B
Lab Temperaiure | 2126
| Lab Humidity | 45.%
i 15 SAR (W/kg/W) 10 8 SAR (W/kg/W)
reguired measured regjuired measured
300 EIBEI 1.94 I
450  ass 1.06
750 849 5.55
B35 9.56 : : 622
G900 10:9 699
1450 29 7]
Ihﬂ.ﬂ 0.5 168
1640 4.2 18.4
1750 36.4 19.3
l-SEID : — 3"3..4 ; 3813 (3.81) E J.‘Dl : [ 2020 {2023 .
1900 309.7 205
1950 405 . . 20.9
2000 411 213
i 2100 I 436 . 21.9
2300 48.7 233
24350 524 24
2600 55.3 246
3000 £3.8 257
3500 67.1 25
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7.3 BODY LIQUID MEASUREMENT
Frequency | Relative permittivity (g} Conductivity [a) S/m
required measured required mizasured
150 619:5% 0.80£5%
i _',tl"]_‘ll  sa1ss% | es2s5%
450 56.7 35 % 0.94:5%
750 55.5 250 05645 %
835 T s52s8% | | earsn
S0 55.015% 1.05 5%
915 55.0 25 % 10645 %
| 1450 54025 % 13045%
1610 53815% 14D £5%
1800 53.335% FASS 152+5% PASS
1900 53345% | 152 +5%
2000 53315% 1.52:5%
2100 Cs32s8% | | 1e2e5% |
I 2450  52745% | 18515%
2600 52.535% 21645%
3000 52015% 27345%
3500 51345 % 33145%
5200 A9.0 10 % 530110 %
5300 489 £10% 5.42 #10%
5400 | ss7iiowm T ssaston |
5500 48610 % 5.65 £10 %
3600 ag5:0% | | s7s0m |
I f-iHill] 482110% 6.00 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

[ Software OPENSAR V4
Phantom SN 20 SAMTI
Probe SN 1811 EPGI22
._I.'_i'_quld Body J!._Ig'_l.l.il.‘. Values: i.:‘j'lR' 1533 sigma; 151
| Distance between dipole center and liquid | 00w
| Area scan resolution dx=fmm/dy=8mm__
Loon Scan Resolution dx=Emm/dy=8m/dz=3mm
Frequency | 800 MHz
| Input power 20 dBm
Liguid Temperature 2 G
Lab Tempemture 25 %
| Lab Humdity 1a5%
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i'requenqi"
BlHz IEShR [w.f-k!m' lﬂg ““1“!“;‘”]
measured measured
1800 39,03 [3.90) 20,65 (2.07)

£ !
] ‘\11 1}
7w I
- i 2o BN
.38 \xl
= i1- 3
ERSNE
. | ";'-.5-. | | =
B B e R 1 iz M FEE NS NN
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8  LIST OF EQUIPMENT

SAM Phantom Satimo SN-20/09-SAM71 E:’i’:;gd Nz :":E?;Ed el
COMOSAR Test Bench,  Version 3 NA ﬁf:el‘:" Hncal :ﬂ'ﬂfgi" Ma el
Network Analyzer | 00 & Schwarz SN100132 02/2013 02/2016
Calipers Carrera i CALIPER-O1 i 1212013 ' 12i216
Refarence Probe Satimo EPG122 SN 1811 102016 1072016
Multimeter Keithley 2000 1188656 122013 1212016
Signal Generalar | Agilent E4436C MY49070581 1212013 1212016
F— Aethercomm SN [ remured. |1est. Mo oo renuped.
Power Meter HP E4418A US38261408 1212013 1212016
Power Sensor HP ECP-EZEA US3T181460 1272013 1212016
Directional Coupler | Narda 4216-20 01386 ﬁtf"“,ﬁf’;:f‘r’eﬂﬂfr';f f;;?*ﬁf::ffﬂﬁ["ﬁ;"
L*u“:n?:;:‘;'jngf | Control Company 11-661-0 B/2013 82016
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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 vahidations
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 |
Manufiacturer 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 ageordance to the IEEE 15328, OET 65 Bulletin
C and CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

F

e
Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The [EEE 1528, OET 65 Bulletin C and CEVIEC 62209 standards provide reguirements for
reference dipoles used for system wvalidation measurements. The following measurements were
performed to verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical compenents 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 fora 2
mm phantom shell thickness.

3 MEASUREMENT UNCERTAINTY

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

51 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

52 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 15328, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty for wvalidation

measurements. ] - -
Scan Volume Expanded Uncertainty
1g 203 %
10 g 201 %
- Page: 5/11 _
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6 CALIBRATION MEASUREMENT RESULTS
6.1 RETUERN LOSS AND IMPEDANCE IN HEAD LIOUID
:.'l'-r.':L BRCY, WiHr
1860 1880 1900 19 1940 1980 19BD A0

1600 1320 154D

Return Loss (dB) Requirement (dB)

Frequency (MHz)

Impedance

1900 -23.68 =20

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

6.2

Freguency, Mire

TE00 1B88 1800 1928 1940 1980

12320 1840 1863

=

(54

S1.20+ 6.4 0

1980 2000

m
._'L:._
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance ]
1900} -2().22 -20 48.8 02 + 9.6 102 |
6.3 MECHANICAL DIMENSIONS
Fregquency MH:z L mm h mm d mm
reqguired measured reqguired measured required | measured
300 420.0 21 % 250.0 21 %: 6351 % |
450 2900 £1 %, 166,741 5%, 63541 %, | ;
750 176,021 %. 100.0 21 . 6,35 11 F |
835 161.021 %, 89811 % 3641% | [
Page: /11
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[ 500 | e0a% | maan 1641%.
1450 B9.141% S1.741% 3611%.
1500 5% |  sonan% 1641 %
1640 7901 % | 7% 3621%,
1750 75211% 42941% 3621 %.
1800 T2041% | s17a% 1621%,
1300 68.0 1% PASS | 38531% PASS 1641 %, PASE
1950 66341% IB521% 1621%.
2000 B4.5 1% | stk 31621 %.
2100 61041 % BT 36:1%.
2300 55.5 1 %. 32611 % 3611 %.
2450 51531% 0441% 1621 %
i 2600 | agsiim I T asn%
3000 41541% 25041 % 3641%.
3500 37.0:1% R 3641%.
3700 | zaman | 26an% 3641%.

7 VALIDATION MEASUREMENT

The IEEE Std. 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 réquirements. 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 descnibed distance from the bottom surface of the phantom.

7.1  HEAD LIQUID MEASUREMENT

F":::m Relative permittivity (g,") Conductivity (2] $/m
required mizasured required measured
300 453145% 087 t5%
450 43.5 #5% 087 25 %
750 41945% 089 5%
835 AL5 85 % 090 %5 ¥
900 41,5 25 % 007 5%
1450 T a0ssn | [ 12005%
I 1500 i 404 25 % i i 123#5% 1 il

1640 40.2 25 % 13125%
1750 40.135% 13725%
1800 A0.0 5% Lales %
1800 40.0 25 % PASS L4025 % PASS
1950 40015 % 140 5%
2000 AL 25 % 1405 %
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2100 39.835% 1.49 £5%
2300 9515% 167+5%
T 2450 T 39245% 1.8045%
2600 | 39.0s5% 196 £5%
3000 385 45 % 2.4045%
3500 37.035% 291 5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Sid. 1528 and CEIIEC 62209 standards state that the svstem 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.

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
| Liguid Head Liquid Values: eps’ : 41.1 sigma - 1.42

L0 0 mume

Area scan resolution

dx=Bmm/dy=8mm

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

?.r_hn_nl Q_a:ﬂ'l Resolution

| Frequency (900 MHz
| Input power 30 dBm
Liguid Temperature 21 °C
| Lab Temperature 2190
Lab Humidity 45 %
F”:::w 1gSAR (W/ke/W) 10 g SAR (W/kg/W)
required measured regubred measured

300 2.85 . 1.54
450 #4.58 106
750 8.49 5.55
835 9.56 633
S04 10.8 6.99
1450 3 6
1500 305 168
1640 34.2 184
1750 36.4 13,3
1E0O 184 201
1510 387 39,84 (3.98) 05 20.20{2.02)
.1350 A[I-..S 205 I
2000 411 211
2100 436 219
2300 487 233

Page: 811
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2450 524 24
2600 55.3 245
3000 61.8 5.7
3500 67.1 5
.f"l
co S |
st x\ |
T By, I
5 20— N
J e |
- xq"“"
WY ET T EETEL
7.3 BODY LIQUID MEASUREMENT
F'E::T:w Relative permittivity (g} Conductivity [o) S/m
required miasured required . measured
[ 50 A1915% 0,80 15 %
300 | se2ssm | 1 os2ss% |
450 S6.735% | 0,94 £5 %
750 T s5545% 0.96 25 %
835 5537 25 % 097 5%
900 55.0 259 1.05 5%
915 55,0 25 % 1,06 5%
1450 | s4015% | 1 130859 |
1610 538 5% 14025 %
1800 T 833a8% | T 15218%
1900 53345% “Pass 15245% | PASS
2000 53315% 152 5%
2100 532459 162 45%
2450 52.715% 1.9515%
2600 525 450 216 45%
3000 52025% 273:5%
3500  s135% 331 45%
A200 49.0+10 % 530 £10%
A300 4B.9 +10 % 5.42 £10 %
j-l.uij 48.7 +10% . 553 £10%
Page: 9/11
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5500 486 +10 %
S6H00 4B5110%
S800 48.2 +10 %

5.65 10 %
577 110%

600 £10 %

T4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software

DPENSAR V4

Phantom

BN 209 SAMTI

| Probe

SN 18/1] EPGl 22

| Liguid

| Body Liquid Values: eps” - 54.2 gigma : 1.54

| Distance betwesn dipole center and liguid

L L0 mim

Area scan reselution

dx=Emm/dy=8mm

_._E:J-Em ﬁl:i:m_]a:w-lﬁliun

| dx=Rmm ily;-_;:l_n;;j::_f_tn:ln

Frequency | l*’?ULI'\'l}lz
| Input power 20 dBm
| Liguid Temperature 212
| Temperature 21
| Lab Humudity 45%
Fregquent [ 1
AT ‘ 1 g SAR (W/kg/W) ] 10 g SAR (W/kg/W)
meeasured measured
1900 43.33(4.33) 21.59 {2.16)

AL b AR

[ s \S‘
A \ ...... B RIS il s
‘_._L'.-:u 'y
% dEn-—t- \-;\ T
& ap0— R |
: |
pe B W E o ]
TP T
e ] {1 & & [E BB v e . R
] LT ¥ sl :
1w
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8  LIST OF EQUIPMENT

SAM Phantom Satimo SN-20/09-SAM71 E:’i’:;gd M- :":E?;Ed R
COMOSAR Test Bench,  Version 3 NA ﬁf:el‘:" Hncal :ﬂ'ﬂfgi" Ma el
Network Analyzer | 00 & Schwarz SN100132 02/2013 02/2018
Calipers Carrera CALIPER-O1 1212013 ' 12i216
Refarence Probe Satimo EPG122 SN 1811 102016 1072016
Multimeter Keithley 2000 1188656 122013 1212016
Signal Generalar | Agilent E4436C MY49070581 1212013 1212016
oot | marronm | swwwe |G G port
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-EZEA US3T181460 1272013 1212016
Directional Coupler | Narda 4216-20 01386 ﬁtf"“,ﬁf’;:f‘r’eﬂﬂfr';f 'Eﬁfﬁﬂjﬁfﬂﬁ[jﬁx
L*u“:n?:;:‘;'jngf | Control Company 11-661-0 8/2013 82016
Page: 1111
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5.6S1D2450 Dipole Calibration Ceriticate

SATIMO

Tha PURCT(F e el () A%y

SAR Reference Dipole Calibration Report

Ref: ACR.287.8.14.8ATU.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

I
.'S'r.r.r.lmrqn:l.'.'

['tis 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 wraceable
to pational metrology institutions.
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Shenzhen LCS
Distribution ; Comphance Testing
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fsxue Diree Modifications
A 101472015 Initial release
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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 vahidations
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 |
Manufiacturer Satimo
Model S1D2450
| Serial Number | SN 07/14 DIP 2G450-306
| 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 ageordance to the IEEE 15328, OET 65 Bulletin
C and CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

F-_'—

e

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The [EEE 1528, OET 65 Bulletin C and CEVIEC 62209 standards provide reguirements for
reference dipoles used for system wvalidation 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 retum loss of -20
dB or better. The retum loss measurement shall be performed against a liguid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical compenents 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 uncertamnies hsted below represent an expanded uncertamty expressed at approximately the 95%,
confidence level using a coverage factor of k=2, traceable to the Internationally Acecepted Guides to
Measurement Uncertainty.

51 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

52 DIMENSION MEASUREMENT

The following uncertzinties 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 15328, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty for wvalidation

measurements. ] - -
Scan Volume Expanded Uncertainty
1g 203 %
10 g 201 %
- - Page: 5/11 _
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SATIMO

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

:zr-r.':l. BNCY, WiHr

2350 TR0 MO0 4N 2440 24R0 B0 200 2RRD 550

o

311, d

Fregquency (MHz . Return Loss (dB) Requirement (dB) . Impedance
2450 -25.61 -20 | 4490-09Q

62 MECHANICAL DIMENSIONS

Frequency Rz Lmm hmm d mm
required measured required measured required mgasured

300 . 4200 21 %, [ . 250021 % [ 6351 %

450 . 250.0 21 % . . 166.7 £1 % . 5:35 +1 ¥

150 176.0 81 %, 100.0 £1 %, 63541 ¥,

B35 161.021 %. I I 9.8 11 . . 361l %,

900 EETTT T | m33s1% | 26s1m

1450 B9.1 11 % 51,711 % 36tl%,

1500 BO.S 41 % 5000 :.-r}:. 3621 %

1640 _.-":"_UTl_‘Y- 45 ?_I? ] 6zl

1750 . 752 41 % [ . 41541 M. [ 16%1%. l
1800 | nouan | TE T [ z681%

1500 . G8.0 41 % [ . 3951 % [ N S

1950 Bh.3 +1 %, 18,5 4196, 361%,

2000 B4.5 21 % . . 37.521% . 362l %

1100 B1.0 11 % BTN 3.6 21 %

2300 . 55.511% [ I 32,611 % [ 3611 %,

2450 | sissaam | PASS | an% PASS | 3g41% PASS
2600 [ 8511 % [ . BBl - [ 3611 %

3000 Al5 1% 25041 %, 3621 %

3300 . Ar.0x1 . . 26,4 11 %, | ezl I
3700 [ 34,701 W [ . 6.4 41 M 3621 !

Page: /11
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7

VALIDATION MEASUREMENT

The IEEE Std. 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 vahidation measurement must be performed
against a hiquid 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 deseribed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT
"‘:‘:I oy Relative permittivity () Conductivity (o) S/m

| required T messured | required T measured |
[ 300 45345 % | omresw |
i 450 43515% 0.8745%
. 750 419 35% 0.8945%
" 835 $1515% 0.90£5%

500 AL5 5% 087 45%
_ 1450 40515% 1205%
| 100 0415% | 12355%
| 1640 40.245% 1.315%

1750 40.1 5% 13745%
BT 0.015% 140:5% |

1500 40.0 45% 140 5%

1950 0.0:5% 14045%

2000  40015% 1.40 5%

2100 198 5% 14545%
: 2300 39.5 15 % 167 £5%
[ 2450 19,2 45% PASS | 18045% PASS
[ 2600 39.0 15 % 196 5%
T 20555
l 3500 17915% 29145% .

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 15328 and CEVIEC 62209 standards state that the system validation measurements
should produce the S5AR wvalues shown below (for phantom thickness of 2 mm), within the
All 5AR values are normalized to 1 W forward power. In

uncertamty for the system validation,

brackel, the measured SAR is given with the used input power.

e gl

Software OPENSAR V4
Phantom SN 20009 SAMTL
[ Probe SN W11 EPG122
Liguid Head Ligmid Values: eps” : 39 0 sigma - 1.77
Distance between dipole center and liquad 1 0.0 mm
Arca scan resolution dx=Emm/dy=8mm

Page: 7l
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| Zoon Scan Resolution
| Frequency

Input power

! | |q|,ucl Temperature
Lab Iempef:_nur{-

| Lab Humidity

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

| 2450 MHz
20 dBm

[21=C

[21°C

[ 45%

i 15 SAR (W/kg/W) 10 8 SAR (W/kg/W)
reguired measured regjuired measured
300 EIBEI 1.94 I
AS0 4.58 3.06
750 849 5.55
B35 9.56 622
G900 10:9 699
1450 29 7]
Ihﬂ.ﬂ 0.5 168
1640 4.2 18.4
1750 36.4 19.3
1800 384 01
1900 309.7 205
1950 405 20.9
2000 411 213
i 2100 436 21.9
2300 48.7 233
H50 524 53,84 (5.39) 24 2415248
2600 55.3 246 .
3000 £3.8 257
3500 67.1 25

—

¥ i

¥
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7.3  BODY LIQUID MEASUREMENT
Frequency | Relative permittivity (g} Conductivity [a) S/m
required measured required mizasured
150 619:5% 0.80£5%
i _',tl"]_‘ll  sa2ss% | eszessn
450 56.7 35 % 0.94:5%
750 55.5 250 05645 %
835 T s52s8% | | earsn
S0 55.015% 1.05 5%
915 55.0 25 % 10645 %
T 1450 54045 % 130 5%
1610 53815% 14D £5%
1800 53.335% 152+5%
1900 53345% | 152 +5%
2000 533:'5% 1.52:5%
2100 | sazssw | | 1e2e5%
I 2450 52745% PASE | 1ssesm | PASE
2600 52.535% 21645%
3000 52015% 27345%
3500 513 45% 3.3145%
5200 A9.0 10 % 530110 %
5300 489 £10% 5.42 #10%
5400 | ewrsiom | ssacom |
3500 48610 % 5.65 £10 %
I 5600 ag5:0% | | s7s0m |
T 5800 | 4s2:0% 6.00£10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

[Software OPENSAR V4
Phantom SN 209 SAMTI
Probe SN IR EPGI22
L tqutd Body qu.ll.ud Values: c—p& ;53,0 sigma ; 1493
Distance between dipole center and liguid | 100 mm
.jl??‘_‘fﬂ_'m}.‘ﬂ?!‘ “5..&!.“&5.11:&!"1’1‘. e
Loon Scan Resolution dx=Emm/ @—Hmadr—‘mm
Frequency 2450 ’u'[H.:
| Input power 20 dBm
Liguid Temperature 21 °C
Lab Tempemture 210
| Lab Humdity 1a5%
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SATIMOD
i'requ-enq'r'
Py 1 g SAR (W/kg/ W) 10 g SAR (W /fg/W)
measured measured
2450 54,65 (5.46) 24,58 (2.46)

LI ¥

Page: K11
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SAR REFERENCE DIPOLE CALIBRATION REPORT Bl ALE TRT BTN

SATIMO

8  LIST OF EQUIPMENT

SAM Phantom Satimo SN-20/09-SAM71 E:’i’:;gd Nz :":E?;Ed el
COMOSAR Test Bench,  Version 3 NA ﬁf:el‘:" Hncal :ﬂ'ﬂfgi" Ma el
Network Analyzer | 00 & Schwarz SN100132 02/2013 02/2016
Calipers Carrera i CALIPER-O1 i 1212013 ' 12i216
Refarence Probe Satimo EPG122 SN 1811 102016 1072016
Multimeter Keithley 2000 1188656 122013 1212016
Signal Generalar | Agilent E4436C MY49070581 1212013 1212016
F— Aethercomm SN [ remured. |ieat. Mo e reured.
Power Meter HP E4418A US38261408 1212013 1212016
Power Sensor HP ECP-EZEA US3T181460 1272013 1212016
Directional Coupler | Narda 4216-20 01386 ﬁtf"“,ﬁf’;:f‘r’eﬂﬂfr';f 'Eﬁfﬁﬂjﬁfﬂﬁ[jﬁx
L*u“:n?:;:‘;'jngf | Control Company 11-661-0 8/2013 82016

Page: 1111

Thix dapsment Wl wol be reprodieendd, axcepr ia fall ar i part, withaul Mie weitres appronel of 54 TIAD,
Fhe mformaiion corfained fercin (s lo be wsed omly for Iee perpose for whick o o seboifed ond (5 gk i
B rlestaol dn wlode o0 part witioar wedven agrpeoval of $4 TG

This report shall not be reproduced except in full, without the written approval of Shenzhen LCS Compliance Testing Laboratory Ltd.
Page 158 of 182




SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD. FCC ID:2AMKQ-Y6MAX Report No.:LCS1705161314AE

5.7S1D2600 Dipole Calibration Ceriticate

SATIVIO

Tl oA T e el WIS

SAR Reference Dipole Calibration Report

Ret : ACR.262.11.14.5ATU.A

LABORATORY LTD.

BAOAN BLVD

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 30/14 DIP2G600-336

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

toc s B/

ACCREDITED|

09/01/2015

Sbimrumary
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SHENZHEN LCS COMPLIANCE TESTING

UF, WNYUAN INDUSTRIAL PARK. TONGDA ROAD

BAOAN DISTRICT,SHENZHEN, GUANGDONG,CHINA
SATIMO COMOSAR REFERENCE DIPOLE

This document presents the method ind results from an aceredied SAR reference dipele calibmation

performed in SATIMO USA uzing the COMOSAR 105 bench. Al calibeation results are traceable
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SATIMO SAR REFERENCE DIPOLE CALIBRATION REPORT Kl ACR. 2621114 SATU.A
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SAR REFERENCE DIPOLE CALIBRATION REPORT R ACR 2520 AT A
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 vahidations
and the measurements that were performed to verify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2600 MHz REFERENCE DIPOLE |
Manufacturer Satimo
Model SID2600
| Serial Number | SN 30/14 DIP2G600-336
| 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 — Sarimo COMOSAR Validation Dipole
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SAR REFERENCE DIPOLE CALIBRATION REPORT R ACR 2520 AT A
SATIMO

4 MEASUREMENT METHOD

The [EEE 1528, OET 65 Bulletin C and CEVIEC 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.

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE 5td. 1328 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the vahdation 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 " 0.1dB

52 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 65 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty for wvalidation

measurements. - -
Scan Volume Expanded Uncertainty
le 203 %
10g 20.1 %
- Page: 5/11 _
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SATIMOD
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETUERN LOSS AND IMPEDANCE IN HEAD LIOUID
:.'l'-r.':L BRCY, WiHr
2R00 2520 2540 dSRD PEED 2R0D WA 240 MERD  2BRD 2N
=30=
35
Frequency (MHz) Return Loss (dB) Requirement (dB) . Impedance
2600 -34.35 | -20 5020+ 1.9i0Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Freguency, Mire
2500 2520 2540 2560 PSR FEDD IR AE40 PEGD  26RD F700

L

._'L:._
Frequency (MHz) Return Loss (dB) Requirement {(dB) Impedance ]
2600 -24.18 -20 45.70-45i0 |

6.3 MECHANICAL DIMENSIONS

Froquancy MHz L mm h mim d mm
required measurad reqguired measured required | mieasured
300 420.0 21 %, 250.0 #1 %, 6351 % |
450 290.0 21 %, 166.7 +1 %, E35E1% | ;
750 176.0 %1 %. 100.0 £1 %. 6.35 41 %% |
235 161.0 £1 %, 2981 % 3641% | [
Page: &/11
d, except i full o (n peet, witkops the weithen apgrrovel o 54 TIAMO
e : {7y s i I AEA Il I
e vaf if SATIC
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i . 300 [ 1490021 %, i 33,3 41 % 36:21%
1450 89.1 11 % 51741 %, 3611 %,
1500 IE-U.S 1% | 50041 % 16 !1;&
1640 79.0 £1 % 457 +1 %, 3621%,
1750 75.2 +1%. 42541 % 3621 %,
1800 72041% | s7a% 1641%,
1500 68.0 11 %% [ 39.5+1 % 3611 %,
1950 G6.3 41 3% 3B521 % 1641 %
2000 E4541% 31541 % 161 %,
2100 B1.0 41 % 35721 % 36:21%.
2300 55.5 1 %. 32.611% 3611 %.
2450 515419 30441 % 3641 %
i 2600 | ags:1% PASS |  2881% |  PASS | 3g31% |  PASS
3000 41.5 41 % N }‘_.‘i.ﬂil . 3641 D‘is..
3500 37.0:1 % R 3641%.
3700 [ 34,71 % . 26.4 +1 % 3621 %.

7 VALIDATION MEASUREMENT

The IEEE Std. 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 réquirements. 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

F":::m Relative permittivity [£,') Conductivity (=] §/m
required mzasured required measured
300 453145% 087 £5%
A50 435 45% 087 +5%
750 41945% 0B925%
B35 ALS #5% 0.90 %5 %
900 41535% 097 5%
1450 T a0ssn | | 12005%
I 1500 i A4 25 % © i LI3+5% 1 il
1640 0.2 5% L31x5%
1750 D15% 13745%
1800 A0.0 15 % Lales %
1900 400 25 % L4025 %
1950 40.025% 1.4025%
2000 ADLD 25 % 140 +5%
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Reall ACR 262 L1 14 5ATU. A

2100 39.835% 1.49 £5%
2300 9515% 167+5%

T 2450 T a02s8% | R

2600  39.0s5% |  PASS | 1965% PASS
3000 385 45 % 2.4045% '
3500 37.035% 291 5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE 5td. 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.

Software OPENSAR V4

Phantom SN 20/09 SAMT]

Probe SN 18/11 EPG122
| Liguid Head Liquid Values: eps’ - 38.3 sigma - 1.92
:D_:sﬁsyc_u. EE.LEEEJ ipale center and lguad L0 mim

dx=Bmm/dy=8mm

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

?.r_hn_n Q_a:y Resolution

[ Frequency 2600 Mz
| Input power 30 dBm
| Liguid Temperature 21 ¢
 Lab Temperature 217
Lab Humidity 45 %
F”::::w 1g SAR (W/ke/W) 10 g SAR (W/kg/W)
required mieasured regubred measured
300 2.85 ' 1.94 [
A50 4.58 306
750 845 5.55
835 9.56 633
900 10:9 6.99
1450 T 1T .
1500 30.5 168
1640 34.2 184
1750 36.4 193
1800 354 20.1
1400 m7 205
.:L*EISG #ﬂ-..S 208
2000 41.1 211
2100 436 2;.'.5'
2300 - a7 233

Page: 811
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SATIMOD
2450 52.4 24
2600 55.3 56.19 {5.62) 456 24 .08 (2.41)
3000 618 257
3500 671 15

Th S
L]
5 am | {
i L] |
- .L-ﬁ"'""‘—'.‘—'
| B I T | I_l..:_l,aﬂ;:sll[.]i';':lcf_fx
7.3 BODY LIQUID MEASUREMENT
FFE::T:“ Relative permittivity (g,') Conductivity (o] 5/m
reqguired miasured regjuired . muaasured
| 50 61915% 08025 %
L300 | ss2ssm | T oo2ss% |

450 S6735% | .94 £5 %

750 T s5545% 0.96 25 %

815 557 359 097 5%

900 55025 % 1.05 5%

915 55.035% 1.06:5%

1450 | s40#5% | T 130855 |

1610 538 45 % 140 25%

1800 T 53385% | | 15285%

1900 53345% 152 45%

2000 53.315% 152:5%

2100 53.225% 162 45%

2450 527 45% 1.95 5%

2600 52.5 455 PASS 21645% |  PASS

R 52.0 25 % 273:5%

3500  51335% 3,31 45 %

A2 490 £10 % 530 £10 %

5300 489 £10 % 542 +10 %

5400 ABT 0% 5.53410%
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5500 486 +10 ¥ 5.65 10 %
A6 485110 % 577 210%
SR00 482 +10% 6.00 +10 %

T4 SARE MEASUREMENT RESULT WITH BODY LIQUID

~Software OFENSAR Vd
Phantom Sk 2 BAMTI
| Probe SN IR EPGI22
| Liguid | Body Liquid Values: eps” - 51.8 sigma : 2.19
| Distance between dipole center and liguid | 100 mm
| Area scan resolution dx=Bmm/dy=8mm
Zoon Scan Resolution _' dx=Bmm/dy=8m/dz=Snmm
Frequency 2600 MHz
| Input power 20 dBm
| Liquid Temperature 217
| Temperature 2%
| Lab Hurmdity 45%
Freguen ' 1
e ‘ 1 g SAR (W/kg/W) l 10 g SAR (W/kg/W)
meeasured measured
2600 5749 (5.75) 24.88 {2.45)
| /! &

[
| |
] -\\ T T T
w !“L. | [
T B \.\ L -
= r |
- 3w P ——— 1t
- L 1 \"‘-'\- 1 1
i, ! AL ! Yo .h-'h-'."""'-'—' e il
i B2 bpouwranyyne
F T ) ¥ 2 ef

FPage: WY
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Reall ACR 26211 14 5ATU.A

8 LIST OF EQUIPMENT

<imme S Rmomiiddl L P i o

SAM Phantom Satimo SN-20/09-SAMT1 :‘:"'L‘l’lf';" Hoes :;i:'i:i“ Wa. e

COMOSAR Test Bench  Version 3 NA :ﬁ:f:;gf" Naot :;f;:f:i‘_" e
Network Analyzer | hode ' SN100132 0212013 0212016
Calipers Carrera CALIPER-01 1212013 1212018
Reference Probe Satimo EFPG122 SN 1811 1072015 1072016
Multimeter Keithley 2000 1188656 1212013 1212016
Signal Generator | Agilent E4438C MY49070581 1212013 1212016

e R i o
Power Meter HP E4418A US36261498 1212013 1212016
Power Sensor HPF ECP-E26A 537181460 1272013 122018

Directional Coupler |  Marda 4216-20 01386 E:?_’E&“g;ffegﬁﬁ;? gﬁf‘“ﬁ;ﬁfﬁeg[ﬁf
Leuﬂ?s;:t;':nﬂsgf | Control Company 11.661-9 /2013 812016
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5. EUT TEST PHOTOGRAPHS
6.1 Photograph of liquiddepth

Photograph of the depth in the Head Phantom (750MHz, 15.9cm depth)

Photograph of the depth in the Head Phantom (835MHz, 15.8cm depth)
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Photograph of the depth in the Head Phantom (1800MHz, 15.9cm depth)

Photograph of the depth in the Head Phantom (1900MHz, 15.7cm depth)
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Photograph of the depth in the Head Phantom (2450MHz, 15.8cm depth)

Photograph of the depth in the Head Phantom (2600MHz, 15.5cm depth)
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Photograph of the depth in the Body Phantom (835MHz, 16.1cm depth)
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Photograph of the depth in the Body Phantom (1900MHz, 16.0cm depth)
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Photograph of the depth in the Body Phantom (2450MHz, 15.6cm depth)

Photograph of the depth in the Body Phantom (2600MHz, 16.2cm depth)
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6.8Photograph of the Test

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

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

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