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1 DEVICE UTNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETERIC E FIELD PROBE
MManufacturer Satimo
Model SSES
Serial Mumber SN 22/12 EP159
Product Condition (new / used) used
Frequency Range of Probe 0.3 GHz-3GHz=z

Resistance of Three Dipoles at Connector

Dipole 1: R1=0.230 MQ
Dipole 2: R2=0.226 MQ
Dipole 3: RE3=0.231 MO

A wearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

21 GENERAT TNFORMATION

Satimo s COMOSAR E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C

and CETIEC 62209 standards.

Figure 1 — Sarimo COMOSAR Dosimeiric E field Dipole

Probe Length 330 mm
Length of Indrvidual Dhpoles 4.5 mm
Maximnm external diameter 8§ mm
Probe Tip External Dhameter 5 mm
Distance between dipoles / probe extrematy | 2.7 num

3 MEASUREMENT METHOD

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

the fore mentioned standards.

31 LINEARITY

The evaluation of the linearsty was dome m free space usmng the waveguide. performung a power
sweep to cover the SAR range 0 01W/kg to 100W/kg.
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32 SENSITIVITY

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

33 LOWERDETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as used for the linearity
measurement. The required lower detectzon limit 15 10 mW/kg.

34 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along 1ts mamn axis from 0 - 360 degrees in 15 degree
steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid, with the plastic box illumunated with the fields from a half wave dipole.
The dipole 1s rotated about its axis (0°—1807) 1n 13° merements. At each step the probe is rotated
about its axis (0°—3607).

3.5 BOUNDAERY EFFECT

The boundary effect 15 defined as the dewiation between the SAR measured data and the expected
exponential decay m the liguid when the probe 1s onented normal to the interface. To evaluate this
effect. the liguid filled flat phantom 1s exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR 1s measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined m the IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CELI'IEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. All uncertainties listed beloww represent am
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.

Uncertainty analysis of the probe calibration in waveguide
, . Uncertainty Probability P . Standard
ERROR SOURCES value (%) Distribution Divisor “ Uncertainty (%)

Incident or forward power 3.00% Bectangular \_5 | 1 1.732%
Reflected power 30004 Fectampgular \,'E | 1 1.7329%
Liguid conductivity 5.00% Bectangular \_@ | 1 2.887%
Liguid permittivity 4.00% Bectangular ﬁ | 1 2.309%
Field homogeneity 3.00% FRectangular V3 | 1 1.732%
Field probe positioning 5.00% Bectangular 1_@ | 1 2.887%
Field probe linearity 3.00% Fectangular 1_,"5 | 1 1.732%
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Combined standard uncertainty

5.831%

Expanded uncertainty

93 %% confidence level k=2

11.662%

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters

Liguid Temperature 21 °C

Lab Temperature 21 °C

Lab Hunuditv 45 %

531 SENSITIVITY IN ATR
Normx dipole | Normy dipolje Normz dipole
1 VAV | 2 (WW/V/m)Y) | 3 (uV/(V/m))
341 468 3.48

DCP dipole 1
(V)

DCP dipole 2
(mV)

DCP dipole 3
(mV)
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53 SENSITIVITY IN LIQUID
Liguid Erequency Permittivity Epsilon (S/m) ConvF
(MHz +/-
100MHz)*
HI 300 300 45.27 0.83 4.60
BL300 300 58.01 0.94 4.68
HI 450 450 4287 0.89 4.71
BL450 450 56.37 0.93 4.83
HI 850 835 41.12 0.91 5.27
BLE50 835 55.03 0.97 5.48
HI 900 900 40.77 0.08 5.20
BLS00 900 55.49 1.04 5.28
HI 1800 1750 39.22 1.38 4.58
BL1800 1750 53.27 1.51 4.71
HI 1900 1880 39.54 1.41 4.51
BL1900 1880 52.88 1.55 4.45
HI 2000 1950 38.97 1.45 4.31
BL2000 1950 52.01 1.58 4.33
HI 2430 2450 39.17 1.83 4.42
BL2430 2450 52.47 1.99 4.31
LOWEER. DETECTION LIMIT: 9mW/kg
Page: 710
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3.4 ISOTROPY

HI 900 MHz
- Axial 1sotropy: 0.04 dB
- Hemuispherical isotropy: 0.08 dB
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HI 2450 MHz
- Asial 1sotropy: 0.09 dB
- Hemuispherical isotropy: 0.14 dB
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LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . . Current Next Cahbration
Description Model R e e Date
Flat Phantom Satimo SN-20/09-SAM71 [/2ldated. MNocal — Waldated.  No cal
required. required.
COMOSAR Test Bench Version 3 MA alidated. Mo cal Walidated. Mo cal
- - required. required.
Network Analyzer | 109 & Schwarz SN100132 02/2013 0212016
Reference Probe S atimo EP 94 SN 37/08 Characterized prior to [Charactenized prior to
test. Mo cal required. [test. No cal required.
Multimeter Keithley 2000 1188655 11/2013 11/2016
Signal Generator Agilent E4438C MY 49070581 12/2013 1212016
Amplifier Aethercomm SN 046 Characterized pricr to |Characterized pricr to
P test. Mo cal required. [test. Mo cal required.
Power Meter HP E4418A 5368261498 1172013 11/2016
Fower Sensar HF ECH-EZ6A 530181460 1172013 112016
Directional Coupler Narda 4216-20 01386 Characterized prior to [Charactenized prior to

tost. Mo cal required.

test. Mo cal required.

069%7-158-13-7112

alidated. Mo cal

Malidated. No cal

Waveguide Mega Industries - )
required. required.
Waveguide Transition | Mega Industries | D69Y7-158-13-701 | 2idated. Nacal — Walidated. No cal
required. required.
Waveguide Termination| Mega Industries | D60Y7-158-13-701 | 2lidated. Nocal  Validated. No cal
required. required.
Temperature | Humidity| control Company 11-661-9 312012 312014
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to national metrol ogy institutions.
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1 INTRODUCTION

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

mentioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 900 MHz REFERENCE DIPOLE
Manufacturer Satimo

Model SID900

Serial Number SN 46/11 DIP 0G900-185

Product Condition {new / used) Used

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

=

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The TEEE 1528, OET 65 Bulletin C and CEI/IEC 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 return loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEIIEC 62209 standards specify the mechanical components and
dimensgions 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 zold for use with the COMOSAR test bench comply with the requirements et 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 Intemationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 NALIDATION MEASURBMENT

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

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

6.1 RETURN LOSS AND IMPEDANCE

511, dB

Frequency, MHz
880 500 920 580

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
900 -39.65 -20 50.5€--1.1;8
6.2 MECHANICAL DIMENSIONS
Frequency WHz L mm h mm dmm
required measured required measured required measured
300 420.0 %1 %, 250.0 £1 %. £.35 +1 %,
450 290.0 £1 %, 1667 £1 %, £.35 £1 %,
750 176.0 +1 %, 100.0 £1 %, £.33 1 %.
835 161,01 %, 89.8+1 %, 3.6 %1 %,
300 149,041 %. PASS 83.341 % PAsS 3611 %. Pass
1450 89,1 £1 %, 51.7+1 %, 3.6 %1 %,
1500 80,5 1 %. 50.0 %1 %. 3.6 1%,
1640 79.0 11 % 43,71 %, 3.6 11 %,
1750 75.2£1 %, 42.9%1 %, 3.6 %1 %,
1800 72.0%1 %, 41,7 %1 %, 3.6 %1 %,
1500 68,0 £1 %. 39.5%1 %, 3.6 %1 %,
1950 66,3 1 %, 38.5%1 %, 3.6 1%,
2000 64,5 1 % 37.5+1 %, 3.6 11 %,
2100 61,0 £1 %. 35.7%1 %, 3.6 %1 %,
2300 55,5 +1 %. 32.6%1 %, 3.6 %1 %,
2450 515 %1 %. 30.4+1 %, 3.6 %1 %,
2600 48,5 £1 %. 28.8 %1 %. 3.6 1%,
anoo 41,5 £1 % 23.0£1 % 3.6 11 %,
3500 37.0+1 %. 26.4%1 %, 3.6 %1 %,
3700 34,71 %, 26.4%1 %, 3.6 %1 %,
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7  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CELIEC 62209 standards state that the system

validation measurements must be performed us

ing a reference dipole meeting the tore mentioned

retum loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned

standards. Per the standards, the dipole shall be

positioned below the bottom of the phantom, with

the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.

7.1 MEASUREMENT CONDITION
Sofiware OPENBAR V4
Fhantorn BN 20/09 BAMT
Probe BN 18/11 EPG122
Liguid Head Liquid Values: eps’ - 41 8 sigma : 0.96

Distance between dipole center and liquid

15.0 mm

Area scan resolution dx=8mm/dy=3mm

Zoon Sean Resolution dx=8rrm/dy=>38m/dz=51rm
Frequency 900 MH=

Input power 20dBm

Liquid T emperature 21°C

Lab Temrperature 21°C

Lab Humidity 45%

7.2 HEAD LIQUID MEASUREMENT

Frefﬂl;l_'eznw Relative permittivity () Conductivity [o) Sfm
required measured required measured
00 45.3%5% 0.87%5%
450 43.5+5% 0.87+5%
750 41.9+5% 0.89%5%
35 41.5%5% 0.90 %5 %
00 41.5%5% P&SE 0.97%5 % PASS
1450 40.5+5 % 1.2045%
1500 40.4+5% 1.23+5%
1640 40,215 % 1.31%3%
1750 40.1%5% 1.37+5%
1a00 40.0+5% 1,405 %
1300 40.0£5% 1.40£5 %
1350 40.0%5 % 1.40£5 %
2000 40.0£5 % 1.40£5 %
2100 39.8+5% 1.49+5%
2300 39.5+5% 1.67+5%
2430 39.2%5% 1.80£3 %
2600 39.0£5% 1.96£5 %
3000 38.5+5% 2,405 %
3500 37.9%5% 2.91%5%
Page: 710
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7.3 MEASUREMENT RESULT

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

Freaeney 18 SAR [W/kg/W) 10 g SAR [W/kg/W)
required measured required measured
oo 285 1.94
£30 458 3.08
750 2.49 5.55
£35 9.56 6,22
500 10.9 10.70 {1.07) £.99 672 [0.67)
14350 29 16
1300 30.5 16.8
1340 34.2 18.4
1750 36.4 19.3
1400 .4 2.1
1300 39,7 20,5
1350 0.5 0.9
2100 1.1 211
2100 43.6 219
2300 8.7 23.3
2430 52.4 24
2300 53.3 246
3100 63.8 25.7
3300 57.1 5

113

e

Bt

10
Z |mm)

12
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74 BODY MEASUEEMENT RESULT

Software OFENBAR V4
Phantomn BN 2009 BAMTL
Proke SN 1811 EPG122
Liquid Body Liquid Values: eps’ : 56.0 sigma : 1.04
Distance between dipole center and liquid 15.0mmn
Area scan resolotion dx=Rrrn/dy=8mm
Zooa Scan Resolution de=8rmm/dy=8m/dz=5rmm
Frecuency 500 MHz
Inpit power 20dBm
Liquid T emperature 21°C
Lab Temperature 21°C
Lab Humidity 45%
Freauency 1.8 SAR (W/kg/W) 10 g SAR [W/kg/W)
measured measured
a00 11,27 (1.3} 7.18 {0.72)
Susbce Fuadsed by e |
L TEDESS 14
2Lt Cori 3 1
| EAT
Zoam o E N \\\
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
SAM Phantom Satimo she2ome:samEy [ondated Noedl  Maligdted,  Hlo; el
required required
. Validated. Mo cal alidated. Mo cal
COMOSAR Test Bench Version 3 MNA required. Fequired
Network Analyzer RhOdeZ&viChwa” SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 1242010 122013
PSR P b A Satimo EPG127 SN 18111 Characterized prior to |Characterized prior to

test. No cal required.

test. Mo cal required

Multimeter Keithley 2000 1188656 1142010 1142013

Signal Generator Agilent E4438C WY 49070581 1242010 1242013
Amplifier Aethercomm SN D46 Charactenzed pn'_orto Characterized pri_orto
test. No cal required. |test. Mo cal required

Power Meter HP E44184 US38261498 1142010 1142013

Power Sensor HP ECP-E264 US37181460 1142010 1142013
Directional Coupler Narda 4716-30 01336 Characterized prior to |Characterized pr|_0rt0
test. No cal required. |test. No cal required

Temperature and
Humidity Sensor Control Company 11-661-9 32012 3/2014
Page: 10410
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This docurmnent presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA using the COMOBAR test bench. All calibration results are traceable
to naticnal 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 CELIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to verify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID1900
Serial Number SN 46/11 DIP 1G900-187
Product Condition {(new / used) Used

A yearly calibrarion 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 CELIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

= T

Figure 1 — Satime COMOSAR Validation Dipole

Page: 410
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEL/IEC 62209 sandards 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 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.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CELVIEC 62209 standardz specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR tect bench employs a 2 mm phantom thell thickneszs 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 Intemationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IETLE 1528, OLT 65 Dulletin C, CENELLEC IN50361 and CEL/IEC
62209 standards were followed to generate the measurement uncertainty for wvalidation
measuremn ents.

Scan Volume Expanded Uncertainty
lg 20.3 %
10 g 20.19%
FPage: 510
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¢ CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

1800 1820 1840 1860

Frequency, MHz
1880 1500 1920 1940 1960 1980

2000

=101
15+
3
—-20-
n
25—
_ED_
a5+
-40-
Frequency (MHz) Return Loss (dB) Requirement {(dB) Impedance
1900 -32.90 -20 48.9 O+ 2.30
6.2 MECHANICAL DIMENSIONS
Frequency MHz Lmm h mrm drmm
required measured required measured required measured
300 420,0 %1 %, 250.0 £1 %, £.35 %1%,
450 290,0 %1 %, 166.7 £1 %, £.35 %1%,
750 176.0 %1 %, 100.0 £1 %, £.35 %1%,
835 161.0 £1 %, 83,5 1 %. 3.6 %1%,
00 1439,0£1 %, 83.3£1%. 3.6 1%,
1450 89.1%1 %, 51,7 £1%. 3.6 1%,
1500 80.5%1 %. 50.0 £1 %, 3.6 1%,
1640 79.0%1 %, 45,71 %, 3.6 1%,
1750 75.2%1 %, 42,9 +1 %. 3.6 1%,
1800 72.0%1 %, 41,7 £1 %, 3.6 1%,
1500 65.0+1 %. PSS 39.541%, Pass 361%. Pass
1950 66,311 %, 38.5£1%. 3.6 1%,
2000 64,5%1 %, 37.5 21 %, 3.6 1%,
2100 61.0%1 %, 35.7 1 %. 3.6 1%,
2300 55.5%1 %, 32,621 %, 3.6 1%,
2450 51.5%1 %. 30.4 %1%, 3.6 1%,
2600 48,5%1 %. 28.8 1%, 3.6 1%,
3000 41,5%1 %, 25.0 £1%. 3.6 1%,
3500 37.0£1 %, 26,41 %, 3.6 1%,
3700 34,741 %, 26.4 %1%, 3.6 1%,
Page: 010
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7  VALIDATION MEASUREMENT

The IEEE 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.

71 MEASUREMENT CONDITION
Software OPENSAR V4
FPhantom B 20/09 BAMTL
Probe BN 1811 EPG122
Liquid Head Ligquid Values: eps’ : 39.8 sigma : 1.43
Distance between dipole center and lquid 10.0 mm
Area scan resolution dx=8rmm/dy=8mm
Zoon Scan Resolution dx=8rmm/dy=8m/dz=5rmm
Frequency 1900 MH=
Input power 20dBm
Ligquid T emperature 21°C
Lab Temp eraturs 21°C
Lab Humidity 45%

7.2 HEAD LIQUID MEASUREMENT

Fref;znw Relative permittivity (&) Conductivity (g} $/m
required measured required measured
300 45.3+5% 0.87+5%
450 43.5+5% 0.87+5%
750 41.9+5% 0.89+5%
235 41.5+5% 0.90£5 %
00 41.5+5% 0.97£5%
1450 40,5+5% 1.20+5%
1500 40,4 +5% 1.23+5%
1640 40,2 +5% 1.31+5%
1750 40.1 5% 1.37£5%
1300 40.0 5% 1.40£5 %
1300 40,0 £5% P&SS 1.40 £5 % P&SS
1350 40,0 £5% 1.40 £5 %
2000 40,0 £5% 1.40 £5 %
2100 39.8£5% 1.43£5%
2300 39915 % 1Ee7£5%
2450 39.245% 1.80£5%
2600 39.0+5% 1.96 5%
3000 38.5+5% 2,40 £5 %
500 37.9+5% 2.91£5%
Page: 710
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7.3 MEASUREMENT RESULT

The IEEE Std. 1528 and CEI/IEC 62209 standards state that the system validation measurements
should produce the SAR wvaluez shown below (for phantom thicknesz 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.

FrTﬂ"HeZ"w 1 g SAR (W/kghw) 1N g SAR (W kg/Wh
required measured required measured
300 2,85 1.94
450 4.58 3.08
730 8.49 5.55
835 9.56 6,22
00 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 19.3
1800 38.4 201
1500 39.7 29.65 (3.96) 20.5 20.24 (2.02)
1950 40.5 209
2000 41.1 211
2100 43.6 219
2300 48.7 23.3
2450 52.4 24
2600 55.3 246
2000 £3.8 5.7
3500 67.1 25
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74 BODY MEASUREMENT REESULT

Software OPENEAR V4

Phantom SN 20009 SAMT1

Probe SN 1811 EFG122

Liquid Sody Liquid Values: eps’ 1 52.2 sigma : 1.50
Distance between dipole center and liquid 10.0 mrm

Area scan resolution dx=8rm/dy=8mm

Zoon Scan Resoluion dxz=8rum/dy=8m/dz=5rmm
Frequency 1900 MH=

Input power 20 dBm

Liquid 'I'emperature 210

Lab Termperature 21°C

Lub Furnidily 45%

Freﬁqﬁnw 1 g SAR [Wikg/w) 10 gSAR (W/kg/ W)
measured measured
1300 40,74 (4.07) 21,43 (2.14)
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LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
SAM Phantom Satimo SN-20/0g-5aM71 | Aidated. Nocal - Walidated. o cal
required. Fequired.
) Validated. Mo cal alidated. Mo cal
COMOSAR Test Bench Version 3 A required. Fequired,
Network Analyzer Rmdez&\,i‘mwa” SN100132 02/2013 02/2016
Calizers Carrera CALIPER-01 12/2010 1272013
Reference Probe Satimo EPG177 SN 18111 Characterized prio~to |Characterized prior to

test. Mo cal equirad.

test. Mo cal “equired.

Multimeter Keithley 200D 1188656 11/2010 11/2013
Sicnal Generator Agilent E44 35C MY49070581 12/2010 12/2013
| meraconn | onow | Sy o e o
Power Mete- HP E<418A US38261498 11/2010 11/2013
Power Sensor H> ECP-E264, US37161460 11/2010 11/2013
Pirectional Calpler | Narda 421620 01366 g;f_rﬁ\‘jtoegélefjeg[jﬁ;? g;?r?\‘jgegélefjegﬂi?;?
Leurpn?girtffgreenigf Control Compary 11 661 0 2/2012 3/2014
Page: 1O¥i0

This document shall not be reproduced, except in fudl or in part withouf the writfen approval of SATIMO.
The informafion confained herem is fo ke used only for the marpose for which itis submiffed avd is notfo
be relewed in whole or part witicudf writfen approval of SATING.



Report No.:AGC00068140305FH01
Page 172 of 181

SATIMO

The microwave vision company

SAR Reference Dipole Calibration Report

Ref: ACR3189.13.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL
PARK, GUSHU COMMUNITY XIXIANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA

SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 46/11 DIP 2G450-189
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ACCREDITED
Calibration CERT #2146.02
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SHPMATY:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA usirg the COMOSAR test bench. All calibration results 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 wd CEVIEC 62209 stundurds [or reference dipoles used for SAR measuremenl system validaions
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 46/11 DIP 2G450-189
Product Condition {(new / ugzed) Used

A yearly calibration interval iz recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFCRMATION

Salimo’s COMOSAF Validuiion Dipoles we buill in accordance Lo the IEEE 1528, OET 65 Bullelin
C and CEIIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

=,

Figure 1 — Satimo COMOSAR Validaton Dipole
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4 MEASUREMENT METHOD

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

4.1 RETUERN 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 phantorn constucted as outlined in the fore mentioned standards.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEIYIEC 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 zold for use with the COMOSART. test bench comply with the requirements zet 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 Intemationally 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
400-6000MH= 0.1 dB

5.2 DIMENSION MEASUREMENT

‘The following uncertainties apply to the dimension measurements:

Lengih (i) Expunded Uncertainiy on Lengih

3-300 0.05 mm

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN350361 and CEI'IEC
62209 standards were followed to generate the measurement uncertainty for validation
measurem ents.

Scan Volnme Expanded Uncertainty
lg 20.3 %
10 g 20.1 %o
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETUEN LOSS AND IMPEDANCE

Frequency, MHz
2460 2480 2500 2520

2380 2400 2420 2440

511, dB

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -30.98 -20 47.3 Q2+ 0.1 82
6.2 MECHANICAL DIMENSIONS
Frequency MHz L mm hrmm
required measured required measured required measured
aon 420.0 £1 %, 250.0 1 %. £.35+1 %,
450 290.0 £1 %, 166,741 %. £.35+1 %,
750 176,041 %, 100.0 41 %. £.35 1 %.
835 1610 £1 %. 89.8 +1 % 3.6 21 %,
a00 149.0 £1 %, 83,31 % 3.6 +1 %,
1450 89.1+1 %, 51.7+1 % 3.6 +1 %,
1500 80.5+1 %, 50,0 +1 % 3.6 +1 %,
1640 7.0 +1 %, 45.7+1 % 3.6 +1 %,
1750 75221 %, 42,921 % 3.6 21 %,
1800 T20+1 % 41,71 % 3.6 +1 %,
1900 68,01 %, 29.5+1 % 3.6 +1 %,
1950 6631 % 8.5 +1 % 3.6 +1 %,
2000 £4.5+1 %, 3751 % 3.6 +1 %,
2100 61.0 21 %, 35,71 % 3.6 21 %,
2300 55.5+1 %, 32,6 +1 % 3.6 +1 %,
2450 S1.5+1 %, Pags 30.4 11 %, Pass 361 %, Pass
2600 48.5+1 % 28,8 +1 % 3.6 +1 %,
2000 41,51 % 25.0 +1 % 3.6 +1 %,
3500 37.0%1 %. 26,41 % 3.6 21 %,
a7on 34,741 %. 26,41 % 3.6 +1 %,
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7  VALIDATION MEASUREMENT

The IEEE 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
retum 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 af the described distance from the bottom surface of the phantom.

7.1 MEASUREMENT CONDITION

Software OFENEAFR V4

Phantomn BN 20409 BAMTI

Probe SN 1811 EPG122

Liguid Head Liquid Values: epg’ 138 6 sigma : 1.82
Distance between dipole center and liquid 10.0 mm

Area scan resolution dz=8mm/dy=8mm

Zoon Bean Zesolution dx=8rmm/dy=8m/dz=5mm
Frequency 2450 MH=

Input power 20dBrr.

Liquid T ernperature 21°C

Lab Terrperature 21°C

Lab Humidty 45%

7.2 HEAD LIQUID MEASUREMENT

Frehll]ﬂt:aznw Relative permittivity (&) Conductivity [3) $/m
required measured required measured
300 45,3 %5 % 0.87+5%
450 42355 % 0.87 45 %
730 41.9+5% 0.89+5%
833 41.5+5% 0.90 £5 %
00 41.5+5% 0.9745%
1450 40.5+5 % 1.2045%
1500 40.4 £5 % 1.23 45 %
1640 40,2£5 % 1.3145%
1750 40,1 £5 % 1.3745%
1800 40,0 £5 % 1.40 45 %
1900 40,0 £5 % 1.40 45 %
1950 10,0 £5 % 1.0 5 %
2000 40,0 £5 % 1.40 45 %
2100 39.8+5% 1.49 45 %
2300 39.5%5% 1.67+5%
2450 39.2%5% P&SS 1.80 45 % P&SS
2600 39.0 +5 % 1.96 5 %
3000 38.5+5% 2,40 £5 %
3500 37.9+5% 2.91%5%
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73 MEASUREMENT RESULT

The IEEE Std. 1528 and CEI/IEC 62209 standards state that the system validation measurements
chould produce the SAR waluez zhown below (for phantom thicknesz 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.

Frequen
|3Hz o 1 g SAR [W/ikg/w) 10 gSAR (Wi kg/wh
required measuread required measured
300 2,85 1.94
450 4.58 3.08
fal B.44 2.9h
8215 9.56 622
00 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 14,2 10.4
170 36.4 19.3
1800 38.4 201
1500 39.7 20,5
1330 40,3 0.3
2000 41.1 211
2100 43.6 219
2300 48.7 23.3
2450 52.4 54,40 (5.44) 24 23,75 (2.78)
2600 55.3 2416
3000 63.8 25.7
3500 67.1 25
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74 BODY MEASUREMENT RESULT

Software OFCNSAR V4

Phantorn BN 20/09 BAMT1

Probe SN 1811 EPG122

Liguic Body Liquid Valuas: eps’ - 520 sigma : 1.94
Lustance between dipole center and ligquid 10.0 mm

Area scanresolution dz=8mm/dy=8mm

Zoon Scar. Resolution dz=8mm/dy=8m/dz=5mm
Freguency 2450 MHx

Tnpnif. pow ar 20 dRBm

Liquic Temperature 21°C

Lab Termperature 21°C

Lab Humidity 4584

Fre&ﬁ"w 1 g SAR [Wikg/ W) 10 g SAR (W kg/W)
measured measured
2450 53.19(5.42) 24,96 (2.30)
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LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Modd ‘| Calibration Date Date
SAM Phantom Satimo SN-20/co-Samyq [faidated. Nocal —alidated. - No cal
required. equired.
) Walidaled., Mo cal dlidaled. Mo cal
COMOSAR Test Bench Version 3 RN required, required.
Network Analyzer | rede & Schwarz SN100132 02/2013 02/2016
Calioers Carrera CALIPER-01 12/2012 12/2013
Reference Probe Satimo EPG127 SN 18/11 Characterizec prior to |Characterized prior to

test. Mo cal required.

test. Mo cal required.

hultimeter Feithley 2000 1158G2G 11520170 1172013
Signal Generator Agilent E4438C WY 49070551 1242012 12/2013
Amplifier Aethercommm SN 046 Characterizec pn'_orto Characterized pri_orto
test. Mo cal required. |test. Mo cal required.
Power Meter HP E44134 538261498 1142012 11/2013
Power Sensor HP ECP-E264, US37181460 1142010 11/2013
Directional Coupler Narda 4216-20 01386 Characterizec prior to |Characterized pr|_orto
test. Mo cal required. |test. No cal required.
Tempersture and - "
Humidity Sensor Control Company 11-661-9 32012 32014
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