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Ref: ACR.240.1. 14.SATUA

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . Current Next Calibration
Description Model KEREERtoR tHC, Calibration Date Date
: \Validated. No cal alidatad. No cal
SN-
SAM Phantom Satimo SN-20/09-SAM71 [ 2 Lol fequired. r
) : Validated. No cal alidated. No cal
COMOSAR Test Bench _Versmn 3 NA Lequlred. Sanpyraer
Network Analyzer q“"deg‘v’sﬁfh‘”a': SN100132 02/2013 0212016
Calipers Carrera CALIPER-01 || 122013 12/2016
Re‘erence Probs Satimo EPG122 SN 18/11 10/2013 10/2014
Multimeter Keithley 2C00 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 12/2013 1212016
. ) Charactenzed prior to | Charactenzed prior to
Amplifier Aethercomm SN 046 _ |test. No cal required. [test. No cal required.
Power Meter HP E4418A US536261498 12/2013 1212016
Power Sensor HP ECF-E26A UsS37181460 1212013 1212016
o n Characterized prior to |Characterized prior to
Directicnal Coupler Narda 4216-20 01380 test. Mo cal required. |test. Mo cal required.
Temperatureand | - o) company 11-661-9 812012 812015
Humidity Sensor
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Sumrnary:

This document presents the method end results from an sccredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench. All calibration results are traceable

to national metrology institutions.
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v Report No. SET2016-11240
SAR REFERENCE DIPOLFE CALIBRATION REPORT Ref: ACR.2404.14.5ATUA
SATIMD
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

men:ioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID1900
Serial Number SN 09/13 DIP1G900-218
Pmdllm_(":mdilinn (new / used) | [ Ised

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance 1o the IEEE 1528, OET 65 Bullctin
C and CEIVIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

YT

P'igﬁrt- 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEIIEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measurements were
performed to verify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEIIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded LFncenﬂiﬁry 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
- 300 0.05 mm

ed

33 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEI/IEC
62209 standards were followed to generate the measurement uncertainty for wvalidation

measurements. -
Scan Volume Expanded Uncertainty

l g 20.3 %

10g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

811, dB

e

1800

-40-

1820

Frequency. MHz

1840 1880

1880

1900 1920 1940 1960

1980 2000

Frequency (MHz)

Return Loss (dB)

|  Requirement (dB)

Impedance

1900

-23.44

-20

554 Q+5.2jQ

6.2

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

&11, dB

Frequency, MHz
1900 1920

1840 1360

1330

1940 1960

1800 2000

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

1900 -27.36 -20 51.7Q+4.4iOQ
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm h mm dmm
required measured required measured required measured
300 420.0 £1 %. 250.0 £1 %. 6.35 11 %.
450 29001 % 166.7 £1 %. 6.35 1 %.
750 176.0 £1 %. 100.0 £1 %. 6.35 1 %.
835 161.0 £1 %. 89.8 £1 %. 3.6 £1 %. |
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400 | 149.0:1%. 83341 % 3.6+1 %
1450 89.1+1%. 51.7 +1 %, 3.6+1%.
1500 0.5 +1 %. 50.0 £1 %, 361 %.
1640 79.0 +1 %. 45.7 1 %. 3.641%.
1750 75.2 41 %, 42,9 +1 %, 3,641 %.

i 1800 72.0 +1 %. 417 £1%. 3.6+1 %. ]
1900 68.0 £1 %. PASS 39.5 +1 %, PASS 3631 % PASS
1950 | 66.311% 385 +1 % 3.6+1%
2000 64,5 +1 %, 37.5£1 %. 1641 %,
2100 61.0 £1 %. 35.7 £1 %. 3641 %.
2300 55.5 +1 %. 32,6 1%, 3.6 41 %
2450 s1541% | 30.4 £1 %, 3.6+1 %. i
2600 48.5 +1 %, 28.8 1%, 3.6£1 %
3000 41.5 +1 % 25.0 £1%. 3.6£1%,
3500 37.0+1 %. 264 1 %, 3.6zl %
3700 34,71 %, 26.4 £1 %. | 361%

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 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  HEAD LIQUID MEASUREMENT

Fre:::{e:lq‘ Relative permittivity (e,') Conductivity (o) §/m
required measured required measured

300 45345 % 0.87 5 %

450 43515 % 0.87 15 %

750 41915 % 08545 %

| 835 41515 % 0.90 5 %

900 41545% 097 5%

1450 40.5 45 % 1.20 45 %

1500 404 45 % 1.2345%

1640 40.2 +5 % 13145%

1750 40.1 5% 13715 %

i 1B0O 40.0 5% 1405 %
1500 40025 % PASS 14045 % PASS

1950 40015 % 1405 %

I 2000 40045 % 14045%
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2100 39.845 % 1.49t5%
2300 38.515 % 1.6715%
2450 39.215 % 1.80+5%
2600 39.015 % 1.96 £5 %
3000 38545 % 2.40 15 %
3500 37945 % 291+5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V4
Phantom | SN 20/09 SAMT7I1
Probe SN 18/11 EPG122
Liquid Head Liguid Values: eps™ : 41.1 sigma : 1.42
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8m/dz=5mm
Frequency 1900 MHz
Input power 20 dBm
Liguid Temperature 2150
Lab Temperature 21 °C
Lab Humidity 15 %
F
re:ﬂ"'::" 1.g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
750 8.49 555
835 9.56 6.22
900 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 184
1750 36.4 19.3
1800 384 20.1
1900 39.7 40.37 (4.04) 205 20.62 (2.06)
1950 40.5 209
2000 41.1 211
2100 43.6 219
2300 48.7 233
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2450 524 24
2600 553 4.6
3000 63.8 5.7
3500 67.1 25

|

|
] F it i Vi 2 M E A
7.3 BODY LIQUID MEASUREMENT

Fre:ﬁ:“’ Relative permittivity (g) Conductivity (3) S/m
required measured required measured

150 6L915% 0.80 5% I
300 SB2+5% 09145%
450 56.75% 0.92 +5 %
TS(]- 55.5t5 % 0.96 £5 %
835 55245 % 0.9745%
900 55.0+5 % 1.0545 %
9135 55.015 ¥ 1.Ub +5 %
1450 54,045 % 1.30 +5 %

| 1610 53.845% 1.40 45 %
1 8OO 5445 % 15145 %
1900 53,345 % PASS 1.5145% PASS
2000 53.315 % 1.5145%
2100 53.245% 1.61 45 %
2450 52745 % 19545 %
2600 52.5 45 % 21645%
3000 52.0 45 % 27345% ]
3500 51.3:5% T 33145%
5200 49.0 £10 % | 5.30t10%

I "J__il'lU 48.9 +10 % 5.42+10 %
5400 48.7 +10 % 5.53+10 %
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5500 48,6 110 % 5.65 10 %
5600 48,5 +10 % 577 +10 %
5800 48.2 210 % £.00 £10 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

| Software OPENSAR Vi
Phantor - SN 20/09 SAMTI
| Probe SN 18/11 EPG122
Liquid Body Liguid Values: eps’' : 54.2 sigima ; 1.54
Distancz between cipole cente: and liquid | 10.0 mm
Area scan resolution dx=8mm/dy=3mm
Zoon Scan Resolution dyv=8mm/dy=8m/dz=5mm -
| Frequeney 1500 MHz
Input power 20 dBm —
Liguid Temperaturs 21°C
| Lab Temperature 21°C
| Lab Humidity [ 45%
en
<ol 1§ SAR (W/kg/W) 10 g SAR (W/kg/W) ‘
measured measured
1500 40.81 (4.08) 21.21 (212} |
|
] |
(i1 \‘ - -
. o N 3
on Lot =
Cnpris ) A
Ee 4% - ';‘ 100
= 200~ T
v - ] I
| ] | agi— | T T :
1} i 8 1l M XA
E Himad [§ W ] |
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8 LISTOF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / et sl Current Next Calibration
Description Model Calibration Date Date
SAM Phantom Satimo ShiaGMiEsANy (atuded. Nocal:  jakdcted..  No' oWl
| required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal ~ Malidated.  No cal
| _required. required.
Network Analyzer | [nede f’vi‘“wm SN100132 022013 02/2016
Galipers Carrera CALIPER-01 1212013 122016
Reference Probe Satimo EPG122 SN 18M11 10/2013 10/2014
Multimeter Keithley 2000 1188656 12/2013 1242016
Signal Generator Agilent E44380C MY49070581 122013 12/2016
' Characterized prior to |Characterized prior to
g SEIATCaRIn SN test. No cal required. |test. No cal required.
Power Meter HP E4418A LUS38261498 12/2013 1242016
Power Sensor HP ECP-E26A US37181460 12/2013 1242016
Dirsctional 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 8/2012 8/2015
Page: 11711
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SAR Reference Dipole Calibration Report

Ref: ACR.240.6.14.SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 09/13 DIP2G450-220

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

o LTS ’

SN

= =
o
g

AN

Yyl Cobiratian CEFT 238602
08/28/14

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA using the COMUSAR test bench. All calibration results are traceable
to national metrology institutions.
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SATIMOD
1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEI/IEC 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 09/13 DIP2G450-220 B
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

321 GENERAL INFORMATION

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

HEST e S et

Fig{l-l.‘.e .I Satimo COMOSAR Validation Dipole

Page: 4/11
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEI/IEC 62209 standards provide requirements for
reference dipoles used for sysiem validation measurements. The following measuremenis were
performed to verify that the product complies with the fore mentioned standards.

41 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEIIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

52 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements:

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

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEL 1528, OLT 65 Bulletin C, CENLLEC EN50361 and CEI/IEC
62209 standards were followed to generate the measurement uncertainty for validation

measurements.
Scan Volume Expanded Uncertainty
lg 20.3 %
10 g 20.1%
Page: 3/11
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6

6.1

CALIBRATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz

2380 2400 2420 2440 2460 2480

2500

2520

11, dB

I 1
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -27.50 -20 51.7Q2+38jQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency. MHz :
235D 2380 MDD 220 2440 2460 2480 2500 2520 2550
i ' 1
5
!_ ~ Frequency (MHz) Return Loss (dB) Requirement (dB) ) .. Impedance
| 2450 -27.56 -20 5430+ 09jQ
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm | dmm
required measured required measured ‘ required measured
300 420.0 11 %. 250.0 £1 %6. : 6.35 1 %.
450 290.0 £1 %, 166.7 £1 %. : 6.35 £1 %.
750 176.0 £1 %. 100.0 £1 %. 6.35 £1 %
B35 161.0 +1 %. B9.8 +1 %. 3.6 11 %.
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900 149.0 +1 %, 83341 % 3.6 £1%.

| 14s0 89.1+1 %. 517 41%. 3.6+1%.
1500 80.5 11 %. 50.0 41 %. 36+1%.
1640 79.0 £1 %. 45,7 £1 %. 3.6 £1 %.
1750 75.2 41 %. | 42.9 1 %. 3.6 £1 %.
1800 72011 %. 41.7 +1 %. 3.611%.
1900 68.0 £1 %. 39.5 1 % 3.6 *1 %.
1950 66.3 £1 %. 38.5 +1 %. 3.6 1 %.
2000 N 64.5 £1 %. 37.5 +1 %. 3.6 £1 %.
2100 61,011 %. 35741 %. 36:1%
2300 55.5 11 %. 32641%. 361 %.
2450 51.5 41 %. PASS 30.4 1 %. PASS 3.6 +1 %. PASS
2600 . a851% 28.8+1%. 36 £1%.
3000 4151 %. 25.0£1 %. 3.6 £1%.
3500 37.041 %. 26.4 £1 %. 36+1%.

| 3700 34.741 %. 26.4 +1 %. 3.6 11 %.

7  VALIDATION MEASUREMENT

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

7.1  HEAD LIQUID MEASUREMENT

Fre:;;'ezncv Relative permittivity (&,') | Conductivity (o) S/fm
required measured I required measured
300 453 45 % | O0B745%
450 435 5% | 0.87i5%
750 41,9 #5% 1 0.89+5%
835 415 £5 % 0.90 +5 %
900 415 +5 % 0.97 +5 %
1450 405 £5 % | 1.20:5%
1500 404 5% 1.2345%
1640 | 40245% [ 13185% |
1750 40.1 45 % 1.3745%
1800 40.0 5 % | 14045%
1300 40.0 £5% | 14045%
1950 40.0 15 % | 180t5%
2000 40.0 5 % | 140i5%
Page: 7/1{
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2100 | 39,8 5% 1.4915%
2300 ] 39585 % 167 5%
2450 31525 % PASS 1.80 £5 % PASS
2600 90:25% - LG5 %
3000 | 3B.5 5 % 2,40 5 %
3500 i 379 5% 29145 %
7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 15328 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 SAMTI
Probe SN 1811 EPG122
Liguid Head Liquid Values: eps” : 39.0 sigma @ .77

Distance between dipole center and liquid

140 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Sean Resolution

dx=8mm/dy=Em/dz=5mm

| Frequency 2450 MHz o
Input power 20 dBm ]
Liguid Temperature s
Lab Temperature 21 9C
Lab Humidity 45 %
F'Tﬂl:zm 1 SAR [W/kg/W) 10 g SAR (W/kg/W)
required measured required | measured
300 2585 | 104
a50 4.58 3.08
Cs0 B4 | 5.55 ]
ﬂ.-'-lf- . ':.Iuﬁ.l-'. R27
900 109 6,99
1450 29 | 16
1500 30,5 16.8 ]
1640 32 184
1750 36.4 15.3
1800 38.4 20.1
1900 9.7 20.5
18950 40.5 209
2000 41.1 21.1
2100 4316 219
2300 48.7 233
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2450 52.4 53.60 (5.36) 24 23.77(2.38)

2600 55.3 246

3000 63.8 25.7

3500 67.1 25

L3 A ekt Ly e a1 1l |
PR LR ——

a78- | |
[ _-!EIG \ | i
i ;%at.:; P bz, \_l: .
P %4 |
200 \\RL‘
) o] JTT TR T
T Kb T ¥ o 2 B B 10 12 1-dr;InE A2 NEHD
7.3 BODY LIQUID MEASUREMENT
F(E::_::nq Relative permittivity (g,') Conductivity (o) 5/m
required measured - required ;easured
150 61.945 % 0.80 5%
300 58.2 45 % 0.92 +5 %
450 56.7 15 % 0.94 £5 %
750 55.515 % | o96:5% |
835 55.245% 0.97 5 %
900 55.045% 1.05 +5 %
915 55.015% 1.06+5 %
1450 54.0 45 % 13045%
. 161{) 53.8 5% 14045 % 8
__I_éiﬁ_ | s33s5% |  15245%
1900 53.345% 1.5215%
2000 53.345% 1.52 45 %
2100 53.2 45 % 1.62 +5 %
- 2450 52.7 45 % PASS 1.95 45 % PASS
2600 52,55 % 2.16£5 %
3000 52045% | 2.7345%
3500 51.345% 3.3145%
5200 49.0 £10 % 5.30£10 %
5300 489 +10 % 5.42 +10 %
5400 48.7 £10 % 553£10%
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S50} 48.6 110 % 5.55 +10 %
5600 48.5 410 % 5.77 +10 %
5800 48.2 410 % 6.00 +10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Saftware

OPENSAR V4

Phantom

SN 20/09 SAMT1

Probe
Liquid

SN I18/11 EPG122

Distance between dipole centzr and liguid

| Body Liquid Values: eps” : 53.0 sigma : 1.9

3

10.0 mm

Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8m/dz=5mm
l‘rcﬂur.m:\- . 2450 Mllz
Input power - 20 dBm -
Liquid Temperature 21.°%C
| Lab Temperature 21 =
Lab Humidity - 45 %
”*:::f;““‘ 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2450 5266 (5.27) 23.73(2.37)

5

31-\

80—
%\r..r: : i e
T 400 \\L\

200=- |

I]ﬂ]', | P — { 1

D 2 4 G O 112 1416020 X@ 24X MO
2 [mm)
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LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / e Current Next Calibration
figis Identification No. & :
Description Model Calibration Date Date
[ ; :
i Valicated. No cal Validated., No cal
SAM Phantorn Satimo SN-20/09-SAM7 1 requred oqiired
- ” . Valicated. Nocal  Malidated.  No cal
COMOSAR Tesl Bench! Version 3 NA_ requred. hequired.
Network Analyzer | Fnode & Schwarz SN100132 0212013 02/2016
Calipers Carrera CALIPER-01 12/2013 12/2016
Reference Probe Satimo EPG122 SN 13/11 10/2013 | 10/2014
Multimeter Keithley 2000 1188656 1272013 | 1212016
Signal Generator Agilent E443EC MY4907058€1 1212013 122016
. . Characterized prior tc|Characterized prior to
Ampifier ABtReTooT! SN 046 test. Mo cal required. |test. No cal required.
Power Metar HP E4418A US38261498 12/2013 12/2016
Power Sensor HF ECP-E26A UsS37181460 12/2013 12/2016
L 3 - Characlerized prior tc |Characterized prior to
B ionll Mucioddiiu G150 test. No cal required. |test. No cal required.
Temperature and ) ) ] [
Humidity Sermsor Control Company 11-661-9 82012 812015
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SATIMO

SAR Reference Dipole Calibration Report

Ref: ACR.240.2.14.SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT

TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 900 MHZ
SERIAL NO.: SN 09/13 DIP0GY900-215

Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144
“\'i"l."l"f"l v, .
==
TG
% [AccR D

4 il |.|"n':wh Caliration CERT #2268

08/28/14

Summary:

to national metrology institutions.

This document presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench,  All calibration results are traccable
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| Customer Name
| CCIC SOUTHERN
ELECTRONIC

e PRODUCT
Distribution . TESTING
(SHENZHEN) Co.,
Ltd
Issue Dare Modifications
A 8/29/2014 In_iiiil 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 CEI/IEC 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 900 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID900
Serial Number SN 09/13 DIPOG900-215
Product Condition (new / used) Used - i ]

A vearly 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 CEI/IEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

Figlu re 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD
The TEEE 1528, OET 65 Bulletin C and CEIIEC 62209 standards provide requirements for

reference dipoles used for system validation measurements. The following measurements were
performed to verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and 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.

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.

The following uncertainties apply to the return loss measurement:

Frequency 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

5.3 NVALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEI/IEC
62209 standards were followed to generate the measurement uncertainty for validation

measurements.
Scan Yolume Expanded Uncertainty
o 1 g 20.3 %
10 g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency. MHz

B20 0 OO0 BB SO0 320 MO 1000

96l

930

-
=
-0
.Eﬁ._
- [T T T NP ) Sy RS S [ )
| Frequency (MHz) Return Loss (dB) |  Requirement(dB) |  Impedance
| 900 -40.27 -20 499 Q +0.9jQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz |
&60 880 900 320

5.
e EEE i s s B e = et e A
g
= -20-
75—
.3‘:._
B-
4~
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
900 -28.78 =20 514 Q+3.3jQ
6.3 MECHANICAL DIMENSIONS
Fraquency MH:z Lmm h mim d mm
required measured required measured required measured
300 420.0 £1 % 2500 +1 %, 5.35 +1 %.
450 290.0 1 . 166.7 £1 %. 5.3511 %.
150 176.0 £1 %, 100.0 +1 %. 5.35+1 %
35 161.0 +1 % B9.8 +1 %. 3.6+1 %.
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900 149.0 1 %. PASS 83341 %, PASS 3.6 +1 %, PASS
1450 89.1+1 %, 51.711%. 3.641%. |
1500 80,5 +1 %, 500 1%, 3.6+1%. o _|
1640 79.0 41 %. 45,7 41 %. 3.641%. _
1750 75.2 £1 %. 42941%, 3.641%. |
1800 72.0+1 %. 417 +1%. 3.611%. :
1900 68.0+1 %. 39.5 +1 %. 3.641%. |
1950 66.3 +1 %. 38.5 1 %. 3.611%. i
2000 64.5+1 %, 37.5 +1 %. 3.641%. |
2100 61.0+1 %, 35.7+1%. 3.641%.
2300 55.5 +1 %. 32.6 +1 %. 3.641%.
2450 51.5 +1 %. 30441 %, 3.6%1%.
2600 8541% | 28841 %. 3641%
3000 415 £1 %. 25,01 %, 3.641%.
3500 37.041 %, 26.4 +1 %. 3.641%.

I 3700 30.7:1%. 26.4+1%. 3641 %.

7  VALIDATION MEASUREMENT

The 1IEEE Std. 1528, 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 HEAD LIQUID MEASUREMENT

Fm;‘::“ Relative permittivity (g,') Conductivity (o) 5/m
- required measured required measured
300 45315 % 0.B7 5%
450 43.545% 0.B7 £5%
750 41.9 15 % 0.B9 £5 %
835 41545% 0.90 +5 %
900 41515 % PASS 09715% PASS
1450 40.5 +5 % 12045 %
1500 40.4 £5 % 1.2315%
1640 40.2 £5 % 13145%
1750 40.1 15 % 13745 %
| 1800 20045% L4045 %
1900 4005% 1.40 +5 %
1950 40.0 15 % 1.40 £5 %
2000 40.0 £5 % 1.40 45 %
Page: 7/11

This docament shall not be reproduced, except in full or tn part. withow the written approval of SATIMO

CCIC-SET/T-1 (00) Page 140 of 151




Report No. SET2016-11240

SAR REFERENCE DIPOLE CALIBRATION REPORT Refl ACR.240.2.14.SATU.A
SATIMO
2100 39.815 % 1.49 5 %
2300 39.5 45 % 1.67 5 %
2450 39.245% 1.8045%
2600 39.0 45 % 1.96 45 %
3000 38515 % 2,40 £5 %
3500 37.945% 29145%
7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software | OPENSAR V4

Phantom | SN 20/09 SAM71

Probe | SN 18/11 EPG122

Liquid | Head Liguid Values: eps’ : 42.5 sigma : .96

Distance between tl:npnlc center and liquid

| 15.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency | 900 MHz
| Input power | 20 dBm
Liguid Temperature 21 °C
Lab Temperature 21°C
Lab Humidity 45 %
F'”:q‘::“" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measurer
300 2.85 1.94
450 4.; 3.06 D
750 8.49 5.55
835 9.56 6.22
900 10.9 10.89 (1.09) 6.99 6.83 (0.68)
1450 29 . 16 T
1500 30.5 16.8
1640 342 184
1750 36.4 19.3
1800 38.4 20.1
1900 39.7 205
I 1350 40.5 20.9
2000 411 211
| 2100 43.6 219
2300 48.7 23.3
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2450 52 .4 24

2600 I 55.3 34.; ur- I
3000 63.8 57

'I‘ui'll'i BT.1 | | FL]
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BODY LIQUID MEASUREMENT

This

documemt phal! ot e

el

{, exeepd e full or in pars, withour the seeitterr appreorval of S04 FILAC,

FrEhl‘.:::-l.?'rbE'p' Relative permittivity [.') Conductivity (o) 5/m ]

required measured required meeasured I

150 19s5% | | 080&s% |

Eﬁ-ﬂ_ 582£5% 092 £5% I i

450 56,7 £5 % B 0.94 +5 % I

750 55.5.25% 096+5% |

835 551£5% | 097+5%

Qo 5025% | PASS 105+5% | PASS
9 ]'5 55.025% 1.06 £5 %
1450) 54,025 % 1.30£5%
1610 53815 % LA0+5 %
1800 53335% | 152+5%
| 1900 53.325% 1.52 5%
Zuur;_ 53.325% 1.52 £5 %
2100 §3225% | 1A2#5%
2450 52,7 25 % | 1.95 £5 %
2600 52.525% | 216#5%
3000) 52,025 % | 273s5%
3500 51345% [ 331:5%
3200 49.0 +10% | 530 +10%
5300 | ass+wow | | 542+10%
54000 I 48.7+10% | 5531+10%
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5500 48,6 £10 % 5.65 +10 %
5600 485 +10 % 5.77 +10 %
5800 482 £10 % I 6.00 +10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAM7
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps' : 56.7 sigma : 1.08
Distance between dipole center and liquid 15.0 mm
Area scan resolution dx=8mm/dy-8mim
Znon Scan Resolution | dx=8mm/dy=8m/dz=5mm
Frequency 900 MHz
Input power | 20 dBm
| Liguid Temperature |21
Lab Temperature 21°C
Lab Humidity 45 %
F”'r';'; :I"""' 1 2 SAR [W/kg/W) 10 g SAR (W/kg/W)
measured measured
a00 11.48 (1.15) 7.30(0.73)

LA s G d vt

|

Baslims skt bimon.
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16 T
14 : !
| |
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=
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)
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8

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / ) ! Current Next Calibration
Description Model Identifiation No, Calibration Date Date
SAM Phantom Satimo SN-20006-5AN7y [Peeied. Nooal,  paldeled. Mo gl
required. required.
COMOSAR Test Bench Version 3 NA Valic!ated. No cal Vatid_ated. No cal
equirad required,
Network Analyzer | "9 2 Behwarz SN100132 0212013 0212016
Calipers Carrera CALIPER-01 1212013 1212016
Reference Probe Satimo EPG122 SN 18/11 1012013 10/2014
Multimeter Keithley 2000 1188656 1212013 12/2016
Signal Generator Agilent E44380C MY48070581 1212013 1272016
» - Characterized prior to|Characterized prior to
Amplifier Aethercomm N 040 test. No cal required. [test. No cel required.
Power Meler HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A US37181460 12/2013 1212016
NP, ) . > Characterized prior to|Characterized prior to
Direclionzl Coupler Narda 4216-20 01386 | test. No cal required. |test. ND cal required.
Temperature and -
Humidity Sensor Contrcl Cecmpany 11-661-9 8/2012 B/2015
Page: 11/1!
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<Justification of the extended calibration>

Referring to KDB 450824, if dipoles are verified in return loss(<-20dB, within 20% of prior
calibration),and in impedance (within 5 ohm of prior calibration), the annual calibration is not
necessary and the calibration interval can be extended.

Head 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -23.17 - 57.40 -
2015.08.26 -22.96 4.95 57.88 0.48

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 835MHz

Trel dBMag 10dE/ Ref0dB Cal

511

10—

Cht  Start 735MHz Fwr 0 dEm

Stop 935 MHz

s1

Trct Smith Ref1U Cal

Ch1  Start 735 MHz

Pwr 0 dBm

Stop 935 MHz
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Body 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -24.50 - 55.00 -
2015.08.26 -24.60 -2.28 55.06 0.06

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 835MHz

Tred dB Mag 10dB/ Ref0dB

511

Cal 1

Ch1  Start 735MHz
112003, 5:28 AM

Fr 0 dBm Stop 935 MHz

Trcl Smith Ref1U  Cal 1

a1

Chi Start 735 MHz Pwr 0dBm
112003, 5:30 AM

Stop 935 MHz
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Head 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -23.44 - 55.40 -
2015.08.26 -23.79 -1.74 55.33 -0.07

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 1900MHz

Tret dE Mag 10dB/ Ref0dB  Cal

1 Trct Smith Ref1U Cal

51

s1

-B0

Ch1 Stan 1.8GHz Pwr 0 dBEm

Stop 2GHz Ch1 Start 1.8 GHz

Pwr 0 dEm

Stop 2GHz
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Body 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.36 - 51.70 -
2015.08.26 -26.94 10.15 51.18 -0.52

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 1900MHz
®
Tre1 B0 dBMag 100B/ Ref0dE  Cal }| TR BN R e 1
- 11 < : =
s el I hiaa
= 7 -~ 1
\ // o —
K PA /k [
/ o \'\ N G
/ VA 4 /i
= { / / I_/RM_H ;C“
| (o J 02 [ 05 a fid
| i 1 =
b l ]\ ll', \ ,/A‘/ - 8
\I |“\ \ ’/’_1{\ )( i } g
i N }// » f 5
\ \'\ AN S —
L \ e \\\“‘r[ =
N o \\\ / sl
M {“ e 7( s v d
\‘MH | ]
- i i | i - | s T

1172003, 1:53 AM
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Head 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.50 51.70 -
2015.08.26 -27.09 50.99 -0.71

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 2450MHz

Trc dE Mag 10dB/ Ref0dE Cal

sH

-40

Ch1 Start 235GHz Pwr 0 dBm

1/1:2003, 1:02 AM

Stop 255 GHz

Smith Refil  Ca 1
e i
L o |
e A
o "\
7 N i
'/’ o
/
/ r
/ /
! H
| !
T
] II 0z
|
|
|
‘\
\\
=9 5
N,
h s 2
™05
P
1 Start 25GHz i ) d8m top H;
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Body 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.56 - 54.30 -
2015.08.26 -27.30 6.17 55.11 0.81

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 2450MHz
Tre1 dBMag 10dE/ RefOdE  Cal 1 Tret Smith Ref1U  Cal 1
=1 s1 e
1 ,{//
A 08 e
/ Moo 2
/ /\
' o :
-1 / /
/ o
/ /
5 / i
.20~ i 2 |
i'l |
L ,I 0 ,I 02
' ﬁ
\ \
| \
\
= \\ \.\ .
\, ’
-6D- N \\/
W R
L7 0
=
Ch1  Start 235 GHz Pwr 0 dBm Stop 2.55 GHz Chl  Start 2.35GHz Pwr 0 dBm Stop 255 GHz
112003, 1:02 AM

1712003, 1:03 AWM
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Body 900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -28.78 - 51.40 -
2015.08.26 -28.49 6.19 51.13 -0.27

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 900MHz
£ 3
s Trc Smith Ref1lU  Cal
. : 511 WSl e
Tre1 dEMag 10dB/ Ref00B Cal g M s
5 =l
S vl -
1 r{)f("
= /
."I.’
. I:'I
)
L. Lo
|
1
\
= \..
= -\\
| SN e, i ——
Ch1  Stat 800 MHz Pwr 0 dEm Stop 16k
Ch1  Start 800 MHz Pwr 0dBm Stop 1GHz
End of the Report
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