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ESIOV) - SN:3337

Probe ES3DV3

SN:3337

Manufactured:  January 24, 2012
Calibrated: October 1, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatibie with DASY?Z systeay)

Ociober 1, 2015
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ES3DVI- SN3337

October 1. 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337

Basic Calibration Parameters —
Semsor X Sensor Y Sensor Z Unec (k=2)
Norm (uVi(Vim)')" 1.10 0.96 1.00 +10.1%
Tn‘?{‘n'\"v‘)‘ 106.0 1059 103.4
Modulation Calibration Parameters
Communication System Name A B c o VR Une'
d8 aBvuv a8 mv (k=2)
0 oW X | 00 00 10 | 000 | 1029 | #3%
Y| oo 0.0 10 1832
Z | oo 0.0 10 197.3

uncertainty of measurement Is stated as the standard uncertainty of measurement
mﬁmwmmwnz which for a normal distribution corresponds to a coverage

probability of approximately 95

‘mmumuz«nmu!'ummmumsun
o zAon

PIAMET. nCRnEnty not sequeed

" Numencal
‘wnmmn-n- VRO FOM Tnesr rOSCONSN AOEHYING MOIANGUIS Bl IDUSON 80 & wxpeensmd Sor e squirs of e

Certificate No® E53.3337_Oatity
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ESIOVI- SN Octover 1, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz)© rgm' “’&m ComvF X | ConvFY | ComvFZ | Alpha® m‘ (w=2)
150 523 0.76 763 763 763 | 004 | 120 | £133%
450 435 0.87 6.88 6.68 688 | 025 | 220 | £133%
835 495 0.90 (k" 6% 832 | 040 | 145 | s120%
800 415 097 623 623 | 623 | 037 | 188 | 2120%
1810 400 1.40 528 528 528 | 051 | 153 | £120%
1900 400 1.40 523 | 523 | 523 | 080 | 116 | 2120%
2100 398 149 528 528 528 | 062 | 135 | $120%
24850 102 1.80 466 466 466 | 080 | 128 | £120%

“ Frequancy vilaty soave 300 MHz of = 100 Mz only spphes for DASY vé 4 anad higher (vee Page 2), sse il resticied to = 50 MHz. The
uncentanty # W RSS of te ComF uncamtainty at caleation Feceency and the wncaranty for e indcated friguency band Frequancy valaty
Delow 300 Mz = £ 10, 25 40, 50 80d 70 MMz for Convé assesaments af 32 84, 128 150 ant 220 MHz respectively. Above § Gre reguency
walicity can bo ssiended 10 1 110 Mo
M trequencien tolow 3 OHz. Ta veldy of issus pareseten {c a0d o) can DE iwianed to 2 10% If kgud compermeson fomius in 20pied 10
maanared SAR vl A rogeencies above 3 GHZ. the valiity of tesm parmesars (c mnd 1] & rossscled 10 = 5% The wostarty s the RSS of
Pwmbmmmm

e dwmmned Swing caltraton BPEAG warmants 1t 1he mmassng deisson des 10 the tourdary effect afler compensation
mm:numm:mwuﬁcuht—-_mumm-q—mwmunmu
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ESIDVI- SN3337 October 1. 2016

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337

Calibration Parameter Determined in Body Tissue Simulating Media

-t (MHz)© M' w Convk X | ConvFY | ConvFZ | Aipha® "«'-’-'-'.':' (h“;l
150 619 0.80 724 7.24 724 | 008 | 120 | £133%
450 87 004 712 742 742 | 015 | 174 | 2133% |
835 5.2 097 6.31 031 631 | 043 | 163 | 2120%
900 55.0 1.08 620 | 620 | 62 | 035 | 181 | £120%
1810 533 1.52 494 494 49¢ | 058 | 148 | +120%
1900 533 152 483 483 | 483 | 045 | 178 | 2120%
2100 532 162 490 | 490 490 | 067 | 139 | £120%
2450 52.7 1.95 436 4.36 438 | 080 | 114 | 2120% |

 Fraguency valaity stave 300 Mz of = 100 MHz wmwuammmmnuuwnxmmm
unanrimnty 4 the RSS of the ConvF uncentainty at Moguancy and e sncenmnty for the inicated frec. band T
mmmuunmmunmnnww-nummnmwmmsmm
mm-“mmm

' M frequencios Sefow 3 Gz the vialicity of tssue pecnmisteens (o and 1) BN B0 imoed (D + 10% # lguid sempenseson farmicks & scpbe 10
mwmnmm;wnmvmmun-ummmmm-nma
e Convl’ uncetsinty 40 ndicated 1) BEsU [arenehers.

© NpharDiegth srw deterrmissd during caltruton. SPEAG wanunts 1Al the mmarming Sevaton tus 1o he y wtuct afmt nation m
—ub::m.|\nmmswmmaamm“umnnmwnuwmm
e he bosndary
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ESI0V3- SN 37 Ociober 1, 20156

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Froguency Response of E-fiold: £ 6.3% (k»2)
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ES30VY- SN 337 Octoder 1. 2018

Receiving Pattern (¢), 8 = 0°

=600 MHz TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessmaent: £ 0.5% (k=2)
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Ocwober 1, 2018

ESIOVS- SNI3ST

Dynamic Range f(SAR}caq)
(TEM cell , f,= 1900 MHz)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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ES3DVY- SN 3SV7 Octobes 1. 2018

Conversion Factor Assessment

1 = 900 MHZ. WGLS RS {H_conw) 1= 1810 MHz WGLS R22 (4_convF)

! “.l
T &£ T
Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz

10 08 04 04 02 00 02 04 05 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate No. ES3-3337_Oats Page 10 of 11



ES30VS- SN3337 October 1. 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337

Other Probe Parameters

Sensot Arrangement Trangulor
Connector Angle (1) 23
Mechanical Surface Detection Mode onablod
| Optical Surface Detection Mode dwabled
| Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Langth 10 mm
Tip Damater 4 mm
Probe Tip 1o Sensor X Calibration Point Zmm
"Probe Tip fo Sensor Y Calibration Point Zmm
"Probe Tip 1o Sensor Z Callbration Point Zmm
"Rocommandod Moasurement Distance from Surface Imm

Cartficate No ES3-3337_0Oct15 Page 110 1Y



DAE CALIBRATION DATA

® o Colibsnies it A PR
e s bowmiCNASE"

Add NoST Xeeyun Road, Fuidian District, Reging, 100191, Chine CNAS LOSTO
Tel: +86-10-62304833- 221K Fax: +86-10-62304633-2209

Lol cabachenunt com Uizp Naww chingid <o

Object
Calibration Procedure{s) 0

cedure for the Data Acqusiton Electronics
Calibration date February 02, 2018

This calibration Certficate documents the traceability to nabonal standards, which realize the physical units of
measuraments(Sl), The measurements and the uncertaintes with confidence probability are given on the following
pages and are part of the certificate.

Al calibations have been conducted In the closed laboratory facility: environment temperature(22:3)C and
humidity<70%,

Calibration Equipment used (M&TE cntical for calibration)

Primary Standards ’ D# Cal Date(Calibrated by, Certficate No.) Scheduled Calibration

|
Proceas Calibrator 753 | 1971018 06-July-15 (CTTL, No J15X04257) July-16
i
Name Function Signature
Reviewed by. QiDlanyuan  SAR Project Leader PR

Aopmed by LuBingsong MMWMW
! February 03, 2016

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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" i Colsbontion with
‘TTL s p e a g
CAUBRATION LABORATORY
Add No 31 Xueywan RKoad, Hitidian Districs, Beijing, 100191, Chisa

Tel: +86-10-62304633-221% Fax +86-10-62304633-220%
Fomail: crtlidchinest! com Hatp www chinael cn

Glossary:

DAE data acquisition electronics

Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voitage Measurement. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the

voitmeter in the respective range.

« Connector angle: The angle of the connector is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.

« The report provide only calibration results for DAE, it does not contain other
performance test results.

Cerificate No: Z16-97012 Page2of 3




n Cotaboraton wan

T2 0. 0.0.8

Add: No.$1 Xeeywsn Road, Haidian Districe, Beiping. 100191, Chins

Tel: +86-10-62304633. 2218

Vax: «BA1-62304633-2209

E-mall: caligichinmd. oom Tt /www.chinastl co
DC Voitage Measurement
AJD - Converter Resolution nominal
Migh Range. 1LSE = BV, full range = ~100..+300 mv
Low Range. LS8 = &IV, i range = %0 vy +3ImV
DASY measurement parameters: Auto Zeto Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Zz
High Range 404195 = 0.15% (k=2) | 404.179 £ 0.15% (k=2) | 403,642 = 0.15% (k=2)
Low Range 3975382 0.7% (k=2) | 3.99360 £ 0.7% (k=2) | 397118 2 0.7% (k=2)
Connector Angle
Connector Angle 10 be used In DASY system 198%+1*

Cerificate No: Z16-97012

Page 3of 3




DIPOLE CALIBRATION DATA

SATIMO

The microwave vision company

SAR Reference Dipole Calibration Report

Ref: ACR.262.5.14.SATU.A

SHENZHEN STS TEST SERVICES CO., LTD.

1/F, BUILDING 2, ZHUOKE SCIENCE PARK, CHONGQING
ROAD

FUYONG, BAO’ AN DISTRICT, SHENZHEN,CHINA
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 30/14 DIP0G835-332

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

\“\nlu./,,/
SN 7,
S=%
v

P g— Q -
é,@@ (ACCREDITED)
MRt Caiivratio 24502

7,

n CERT

09/01/2014

Summary:

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 traceable
to national metrology institutions.




SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref ACR262514SATUA

SATIMO
Name Function Date Signature
Prepared by : Jérome LUC Product Manager 9/19/2014 9%‘
Checked by : Jérdme LUC Product Manager 9/19/2014 ﬁ/
Approved by - Kim RUTKOWSKI Quality Manager 9/19/2014 | |, . Juthse
Customer Name
Distvibiition: Shenzhen STS Test
R Services Co., Ltd.
Issue Date Modifications
A 9/19/2014 Initial release

Page: 2/11

This document shall not be reproduced, except in full or in part, without the written approval of SATIMO.
The mformation contained herein iz to be used only for the purpoze for which it is submitred and iz not to
be released in whols or part without written approval of SATIMO.



SAR REFERENCE DIPOLE CALIBRATION REPORT

SATIMO

Ref ACR262514SATUA
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR2625.14SATUA
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 validations
and the measurements that were performed to verify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 835 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID835
Serial Number SN 30/14 DIP0G835-332
Product Condition (new / used) New

A yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1328, OET 65 Bulletin

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

Figure 1 — Satimo COMOSAR Validation Dipole

Page: 4/11
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR.2625.14SATUA
SATIMO

4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CELIEC 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 CELIEC 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 Intemationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURNLOSS

The following uncertainties apply to the return loss measurement:

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

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C. CENELEC EN30361 and CELIEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements.

Scan Volume Expanded Uncertainty
lg 20.3 %
10¢g 20.1 %
Page: 5/11
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR2625.145ATUA
SATIMO

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURNLOSS AND IMPEDANCE IN HEAD LIQUID

Frequency. MHz

820 840 860 &

735 760 %0 B0 a0 900

920 935

S11, d8

30-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -28.11 -20 51.60+3610

6.2 RETURNLOSS AND IMPEDANCE IN BODY LIQUID

Frequency. MHz
735 760 780 800 620 B840 860 880 900 920 935

S11, d8

30-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -23.87 -20 4900+6310

6.3 MECHANICAL DIMENSIONS

Frequency MHz Lmm hmm dmm
required measured required measured required measured
300 420.0 1 %. 250.0 1 %. 6.35+1%.
450 290.0 +1 %. 166.7 #1 %. 6.35+1%.
750 176.0 +1 %, 100.0 1 %. 6.351%.
835 16101 %. PASS 89.8:1%. PASS 3.6:1% PASS

Jfull or in part, without th
7 nly for the purpose for wh
be released in whole or part without written approval of SATIMO.

irten approval of SATIMO.
t iz submitted and iz not to




SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref ACR2625.14SATUA

SATIMO
900 149.0+1 %, 833 %1%. 3.6x1%.
1450 89.1+1%. 51.7 1 %. 36%l%.
1500 8051 %. 50.0 £1 %. 3.6%1%.
1640 79.0 1 %, 457 1 %. 3.6l %.
1750 75.2 %1 %. 4291 %. 361 %.
1800 72.0%1%. 417 1 %. 3.6%l%.
1900 68.0 +1 % 39.5%1%. 3.6%1%.
1950 66.3 +1 %, 3851 %. 361 %.
2000 64.5 +1 %, 37.5%1%. 3.6%l%.
2100 61.0 %1 %. 35.7%1%. 3.6t1l%.
2300 55.5 1 %, 32.6%1%. 3.6%1%.
2450 51541 %. 304 £1%. 36l %.
2600 4851 %. 28.8+1%. 3.6%1%.
3000 4151 %, 2501 %. 3.6%1%.
3500 37.021%. 26.4 1 %. 36l %.
3700 34721%. 26.4+1%. 3.6l %.

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&t:zncv Relative permittivity (&,’) Conductivity (o) S/m
required measured required measured
300 453+5% 0.87:5%
450 435%+5% 0.87:5%
750 41835% 0.89:5%
835 415+5% PASS 0.90£5 % PASS
900 4155% 0.97:5%
1450 405%5% 1.20:5%
1500 404+5% 123%5%
1640 402+5% 13125%
1750 401£5% 137%5%
1800 400%5% 1.40:5%
1900 400%5% 1.405%
1950 400+5% 140:5%
2000 4005% 1.40:5%
Page: 7/11
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR.2625.14.5ATUA

SATIMO
2100 39.8:5% 149:5%
2300 395:5% 167:5%
2450 39.2:5% 1.80£5%
2600 39.0:5% 1.965%
3000 385:5% 24025%
3500 37.9:5% 2.9125%

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

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liquid Head Liquid Values: eps” : 42.3 sigma - 0.92

Distance between dipole center and liquid

15.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
F'e&‘:;“v 1.g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 154
450 458 3.06
750 8.48 5.55
835 9.56 9.63 (0.96) 6.22 6.15{0.62)
900 108 6.99
1450 29 16
1500 305 16.8
1640 342 184
1750 36.4 193
1800 384 20.1
1900 39.7 205
1950 405 209
2000 411 211
2100 436 219
2300 487 233
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2450 524 24
2600 55.3 246
3000 63.8 25.7
3500 67.1 25

4 Vemgathin gty Wates

Sarece S

Il

14
12
2. B
5, TN
]
Z‘ T
e xhet B Yot B 2 4 & 01z !:JI"V"EK 18 20 2 M4 22 28 0
7.3 BODY LIQUID MEASUREMENT
Fre:/::zn(y Relative permittivity (/) Conductivity (a) S/m
required measured required measured
150 51.9%5% 0.8025%
300 58.2%5% 0.92:5%
450 56.75% 0.9425%
750 55.5%5% 0.96:5%
835 55.2:5% PASS 0.97 5% PASS
900 55.0%5% 1.0525%
915 55.0%5% 1.0625%
1450 540%5% 130:5%
1610 53.85% 1.40:5%
1800 53.3%5% 152:5%
1900 533%5% 152:5%
2000 533%5% 152:5%
2100 53.235% 1.62:5%
245 527:5% 19525%
2600 525%5% 21625%
3000 5205% 2.73:5%
3500 513:5% 3.31:5%
5200 49.0210% 530210 %
5300 489:10% 542:10%
3400 48.7%10% 5.53£10%
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5500 48.6+10% 5.65:10%
5600 485+10% 5.77:10%
5800 482+10% 6.00£10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Body Ligquid Values: eps” : 54.1 sigma : 0.97
Distance between dipole center and liquid 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dv=8m/dz=5mm
Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
F'e:,‘:z““’ 12 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
835 9.93 (0.99) 6.35 (0.63)

N
™
n4 <

0 2 4 & 8 7012 13 16 18 2

Tinn|
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / Sty , Current Next Calibration
Description Model  |dentificationNo.| ¢y tion Date Date
SAM Phantom Satimo SN-20/00-5AMyy [alidiled. Nocal.  Vaidated.  No fcal
required. required.
COMOSAR Test Bench Virdion3 NA Validgted. No cal Vahdated. No cal
required. required.
Network Analyzer | R4 % Schwarz | gn40p13; 022013 022016
Calipers Carrera CALIPER-01 1212013 1212016
Reference Probe Satimo EPG122 SN 18/11 10/2013 10/2014
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 1212013 1212016
Amplifier Astharesa SN 046 Characterized prior to (Characterized prior to
test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
Directional Coupler | Narda 4216-20 01386 Characterized prior to Characterized prior to
test. No cal required. |test. No cal required.
Temperature and ) ; y
Humidity Sensor Control Company 11-661-9 82012 8/2015
Page: 11/11
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PARK, GUSHU COMMUNITY XIXIANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 46/11 DIP 1G900-187

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

ACCREDITED
Calibration CERT #2246.02

11/14/13

Summary:

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 traceable
to national metrology instituticns.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to venfy 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 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 CEMEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 — Satimo COMOSAR Validation Dipole

Fage: #/10
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEUIEC 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.

4.2 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 zold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

s 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

53 VALIDATION MEASUREMENT

The guidelines outlined in the TEEE 1528, OET 635 Bulletin C, CENELEC EN50361 and CEI/IEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements,

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

6.1 RETURN LOSS AND IMPEDANCE

Frequency, Mz
1840 1850 1880 1300 1920

S8

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance

1900 -32.90 -20 4890+ 23 Q3

6.2 MECHANICAL DIMENSIONS

Frequency MHz L mm hmm dmm

required measured required measured required measured

300 420,01 %

450 290.0 1 %. 166,721 %

750 176.0 21 %.

835 1610 £1 %

00 149.0 %1 %.

1450 121% SL.7%1 %

1500 805 £1% So.0+l%

1640 To.0£1% 4571 %,

1750 75,221 % 42,911 %

1800 7201 % 41.7%1 %
5801 % PASS 39511 % PASS PASS
66.321% 38511 %

2000 £45%1% 375%1 % 2611 %

2100 51.0%£1 % 3%.7%1 % 3611%

2300 55.5%1 % 32611 % 3.6 11 %.

2450 S15£1% 30.4%1 % 36%1%

2600 4351 % BBl % 3611 %

2000 415%1% 25.0 £1 %, 3611 %.

3500 37.0%1 % 2641 % 26x1%

3700 348,71 % 6411 % 3EE1%
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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
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 a the described distance from the bottom surface of the phantom.

7.1 MEASUREMENT CONDITION
Software CPENSAR V4
Phantom SN 2000 SAMT1
Probe SN 1811 EPG122
Liqud Head Liquid Values: eps’ - 39.8s1igma - 143
Distance between dipole center and liquid 10 0 mm
Area scan resolution dx=Smm/dy=8mm
Zoon Scan Resolution dx=_rm/dy=8m/dz=5mm
Frequency 1900 MHz
Input power 20dBm
Liquud T emperature 21 °C
Lab Temperature 21°C
Lab Hurdity 45%
7.2 HEAD LIQUID MEASUREMENT
F"&','_":"" Relative permittivity (&) Conductivity (c) S/m
required measured required measured
300 45315% 08745 %
450 43545% 08725 %
TS50 41525% 08345 %
83% 41525% 0,30 45 %
00 a1535% 0.9745'%
1450 A0525% 1,20 25 %
1500 40.425% 1.2335%
1640 Ww235% 1.3145%
1750 201325% 1375 %
1800 d0025% 1.0 5 %
1300 40025% Pass 18045 % PASS
1950 W0O25% 1,805 %
2000 A0025% 1,405 %
2100 39825% 1.4945%
2300 19545% 16725%
2450 35235% 1.8045%
2600 1/025% 19625 %
3000 1525% 2,40 25 %
3500 379325% 29145%
Page: 710
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7.3 MEASUREMENT RESULT

The TEEE Std. 1528 and CEITEC 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 mput power.

Fr— 1 g SAR (W/kg/W) 10 g SAR {W/ kg/W)
required measured requived measured

300 2.8% 1.54
~aso ass 1 s

750 8,49

835 9.56 6.22

00 10.9 6.93

1450 29 16

1500 30.5 168

1640 34.2 18.4

1750 36.4 §19.3

1800 3.4 201

1%00 39.7 35,659 (3.96) 205 20.24(202)
1550 40.% 208

2000 4.1 211

2100 @s s

1300 487 233

1450 52.4 24

2690 55.3 226

73121'710 r3 8 Zé ’

3500 67.1 25

IR
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7.4

BODY MEASUREMENT RESULT

| Software
Fhantom

OPENSAR V4

3 SAMII

£ can |
| Frequency

eps’ 525 sigma : 1.50
ter and hud m_
ren/dy=2mm
Rezolution dv=am/dze5mm

| Input power

wquid Temperabure

| Lab Temperature

[ Lab Humidity

L

Ref ACRIIZTIZSATUA

Frequen
,:'H‘ Y 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured mus sured
1500 40.74 (2.07) 21.43 (2.14)
| e

ot | Cwent

i

Atk

\

¥ ot

Tz doaamers shall mo
The ingormation conio
B refecoed (1 whole or par!

Pce s O/
Fage.
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i
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

--":',_.:_- ) .

E i~ . .\
- Validated. No cal alidated No cal
SAM Phantom Satimo SN-20/08-3AMT1 Faquired requirad
Valideted. Nocal  Nalidated.  No call
COMOSAR Test Bench Version 3 NA Fequired bequired
Network Analyzer Rh"""‘zavic”""’” SN100132 0212013 0212016
Calpers Carmrera CALIFPER-O1 1272010 1272013
Charactenzed pnor to [Charactenzed prior to
=12
Reference Probe Satimo EPG122 SN 18/11 test No cal required |test. No cal required
Muitimeter Kedthley 2000 1188656 11/2010 11/2012
Signal Generator Anilent E4433C MY49070581 1272010 12/2013
Charactenzed prorto {Charactenzed prior to
il il SNO48  Jtest No cal required ftest No cal required
Power Meater HP E4418A US38261498 1172010 12013
Power Sensor HP ECP-E26A US37181480 112010 112013
Charactenzed pror to |Characterzed prior to
716-
Diractonal Coupler Narga 4216-20 01386 test. No cal required |test. No cal required
Tempersture and - " -
Humidity Sensor Control Company 11-661-9 32012 372014
Page: 1Vi0
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Calibration Laboratory of

Schweerischer Kalibriardienst
Schmid & Partner g Service suisse d &alonnsge
Engineering AG Bervizio nvizzoro di tarsturn
Zeughausstrasse 43, 5004 Zurich, Switzertand S Swiss Caliteation Service

Accredited by the Swss Acoraditason Sarvice (SAS)
The Swins Accreditation Service in one of the signatories 10 the EA
Multiiateral Agreement for the recognition of calitration certiticates

Accreditation No.: SCS 0108

Calibration procods{k) QA CAL-05v9
qummmmmm
Thes calibration catoficate docuimhents Me tacestilily 1o nEbone stanctards, which reakzn the phy uniks of s (51)

The measuremants and the vhan with confidenoe prodabiity am given on the folowing pages and are oan of he centicate.
Al calibrations have been conducted i the closed latarmory taciily. envirorment tempernatire (22 = 3)°C and hureidity « 70%.

Caltration Equapment used IMATE ortica for calibeation)

Primary ltandan oy Cal Date (Corsicats No.) Scheed Calliation

Prrwer masar EPM 4424 GAITA0TO4 070ct-14 (No. 217-00020) Oct 16

Power sensor HP BAS1A US37292783 07-0ct-14 (No. 217-02020) Oct-15

Power 587301 HP BL81A MY41002317 070t 14 (No. 297-02021) Oct 18

Fal 20 08 Aze BN, 5060 (20K) 01-Agr15 (No. 21702181) Mar 16

Type-N msmutch combination | SN: 50472/ 06327 O1-Apr-15 (No. 217-02134) Mar-18

Reference Frove ESIOV3 SN 2206 30-Dec-14 (No. E53-5008_Dec14) Dec-15

DAE4 SN; 601 1A 14 (No. DAEA01_Augtd) Aoy 15

B y Standards 04 Cheox Dats (in bouse) Scheduted Checs

AF gonerator RAS SMT-08 100008 Od-Aug 99 (In house check Oct-13) I house chck: Oct- 18

Metwork Analyzer HE BP53F USOTIR0SES 54208 18-Oct-01 (i house check Oct-14) 0 touse check; Oct1-15
Name Function

Calbraing by wme Einaouq Latarassey Technician ’“

Approves by: Katjn Pokawic Tachoicw Manager

This calration oemticas shall not be mproduced except in (il without written sgoroval of the aborstory.

/‘.;c

Tanond: June 12, N5

Certficate No: D2450V2-868_Jun15
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Calibration Laboratory of f‘@ S Schweiseriecher Kallbrierdienst

Schmid & Partner G Serveos muisse détaionnage
Engineering AG 2 s Servizio svitzero @ taratura
W?&mmm %’fﬁy S Swiss Calibration Service

Accrodited by the Swis Acorediaton Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Seevice is one of the signatories to the EA
Multitstarsl Agreement for the recognition of calitwstion certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards

a) |IEEE Std 1528-2013, "IEEE Recommended Practice for Dommlnlng the Peak Spatial-
AvmoodSpodﬁcAbaorptbnM(SAR)hmoHuanudfmwm
Communications Devices: Measurement Techniques®, June 2013

b) IEC 62209-1, *Procedure to measure the Specific Absorption Rate (SAR) for hand-held
amwmmmnm;::ummdmomwaemr
February 2005

¢) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

« Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

« Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retumn Loss ensures low
reflected power. No uncertainty required.

« Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

* SAR measured: SAR measured at the stated antenna input power.

. SARmnmhzadSARasmemanmlmdtoanMpomoﬂWatmemma
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

m‘!@d ncertainty of measurement is stated as the standard uncertainty of measurement
muiti the factork-z.whioh for a normal distribution corresponds to a coverage

probabm!yolapp 95%.

Cartiicate No: D2450V2-968_Junis Page 208




Measurement Conditions

wa
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2450 MHz » 1 MH2
Head TSL parameters
The and wore
Temperature Pormittivity Conductivity
Nominal Hoad TSL parameters 220°C nz 1.80 mho/m
Measured Head TSL parameters 220202)°C 38226% 1.88 mho/m = 6 %
Head TSL temperature change during lest <05°C — -
SAR result with Head TSL
IMWW!.M‘OQ.!MM Conditon
SAR measured 250 mW input powet 13.8 Wikg
SAR for nominal Hoad TSL paramaters normalized to 1W 53.0 Wkg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measurted 250 mW input powert .44 Wikg
SAR for nominal Hoad TSL paramaters normalzed o 1W 25.4 Wikg = 16,5 % (k=2)
Body TSL parameters
w&ﬂ
Temperature Permittivity Conductivity
Nominal Body TSL parametors 2.0°C 527 1.95 mhoim
Measured Body TSL parametors (220+02)°C 509+8% 2.04 mho/m = 6 %
Body TSL temperature change during test <05°C e —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 133 Whkg
SAH for nominal Body TSL parameters normalized to 1W 51.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input pawer 619 Wikg
SAR for nominal Body TSL parameterns normalized to 1W 24.3 Wikg = 16.5 % (k=2)
Cantificate No: D2450V2-968_Jun15 Page 3018
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, tansformed 1o leed point MEQ« 152
Retumn Loss 26708

Antenna Parameters with Body TSL

Impedance, transformed 1o feed paint 517Q+390
Retum Loss ~276dB

General Antenna Parameters and Design

| Erectrical Detay (one airection) | 1.153 ns |

Aftor long term use with 100W radiated power, only & alight warming of the dipole near the feadpoint can be measured.

The dipole is made of standard semingld coaxial cable. The center conductor of the lesding line s dirsctly connected to the
second arm of the dipole. The antenna is therelom shortcireuited for DC-aignals. On some of the dipoles. small end caps
are added 10 the dipole arms In order 1o improve masching when naded according to fhe position as explained in the
*Measurement Conditions® paragraph. The SAR data are not atfected by this change. The overall dipole length is stil
sccording 10 the Standard,

No excessive force must be applied to the dipole arms, because they might band or the soldered connections near the
feedpaint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manutactured on November 19, 2014
Carsficate No: D2450V2-968_Jun1s Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date; 11.06.2015
Test Luboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 968

Communication System: UID 0 - CW; Frequency: 2450 MHz )
Medium parameters used: f = 2450 MHz; o = 1.88 S/m; & = 38.2; p = 1000 kg/m”
Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2011)
DASYS2 Configuration:
e Probe: ES3DV3 - SN3205; ConvF{(4.54, 4.54, 4.54); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
e Eloctronics: DAES Sn601: Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front): Type: QDOOOPS0AA; Senal: 1001

e DASYS252.8.8(1222), SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=Smm, dz=5mm

Reference Value = 102.0 V/m: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.5 Wikg

SAR(1 g) = 13.8 W/kg: SAR(10 g) = 6.44 Wikg

Maximum value of SAR (measured) = 18.2 W/kg

0dB = 182 W/kg = 12.60 dBW/kg

Cernficate No: D2450V2-868_Junts Page50of 8




Impedance Measurement Plot for Head TSL

2 Jus 2015 1459104

EED su1 tuTs =450 = s._cg'g_. LTI M 7 ATR0P0 0B Muz

- '-- %\,
7 -

'
el
ca
~y
i
“la
CcH2
+
1
i + -
Hie *I
START 2 290508 000 M : S10F 2 650.900 099 Wiz

Cartficate No- D2450V2-888_Jun15 PageSol 8




DASYS5 Validation Report for Body TSL

Date; 10.06.2015
Test Lubormtory: SPEAG, Zunch, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 968

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; o = 2.04 S/m; & = 50.9; p = 1000 kpjm:
Phuntom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2011)

DASY 52 Configuration:
« Probe: ES3IDV3 - SN3205; ConvFi(4.32, 4.32_4.32); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAES Sa601; Calibrated: 18.08,.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

o« DASYS2 52.8.8(1222); SEMCAD X 14.6.1(X7331)

Dipele Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: de=Smm, dy=Smm, dz=5mm

Reference Value = 95 20 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.8 Wikg

SAR(1 g) = 133 W/kg; SAR(10 g) = 6.19 Wikg

Maximum value of SAR (measured) = 17.5 W/ig

-4.40

-13.20

-17.60

22.00

0dB = 17.5 Wikg = 12.43 dBW/kg
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