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Appendix C. TEST SETUP PHOTOGRAPHS &EUT PHOTOGRAPS
Test Setup Photographs
Face Up with 2.5 cm Separation Distance.

Body Back Touch with all accessories
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EUT PHOTOGRAPS

TOTAL VIEW OF EUT

TOP VIEW OF EUT

£/ 4

77




Report No.: AGC20X120801S1
Page 37 of 59

BOTTOM VIEW OF EUT

FRONT VIEW OF EUT
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BACK VIEW OF EUT

LEFT VIEW OF EUT
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RIGHT VIEW OF EUT

OPEN VIEW OF EUT
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INTERNAL VIEW OF EUT - 1

INTERNAL VIEW OF EUT - 2




Report No.: AGC20X120801S1
Page 41 of 59

INTERNAL VIEW OF EUT -3
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Appendix D. Probe Calibration Data

SATIMO

Thes mescrrwres winion compary

COMOSAR E-Field Probe Calibration Report

Ref: ACR343.2.11.5ATU.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 DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 35/11 EP132

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

ACCREDITED)
Calivranon CERT H1044 0]

12/09/11

SRR

This document presents the method and resdts from an accredited COMOSAR Doamelne E-Field
Probe calibration perfommed in SATIMO USA usng the CALISAR / CALTEAIR test bench, for use
with a SATIMO COMOSAR syslem enly Al calibration results are traceable to natonal
m etrology mstitulions
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Ref ACR. 3211 5ATU A

SATIMO

1 DEVICE UNDER TEST

Device Under Test

[ Device 'Type

COMOSAR DOSIMETRIC E FIELD PROBE

Manufacturer Satimo

Maodel SSES

cenal Number SH 35/11 EP132
Froduct Condition (new /used) new

Frequency Range of Probe 0.1 GHz-3GHz

Eesistance of Three Dipoles at Connector

Dipole 1: E1=1.200 i3
Dipeole 2 E2=1.214 MO
Dipele 3: E3=1.004 M3

A yearly calibrah on interval 1s recommended.

2 FRODUCT DESCRIPTION

21 GENERAL INFORMATION

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

and CEITEC 62209 standards.

Figure 1 — Satisme COMOSAR Dosipwiric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 4.5 mm
Maximum external diameter &mm
Probe Tip External Diameter 5 mm
Distance between dipoles / probe extremity | 2.7 mm

3 MEASUREMENT METHOD

The IEEE 1528, CET 65 Bulletin C, CEWNELEC ENS0361 and CELIEC 62209 standards provide
recommended practices for the probe calibrations, mcluding the performance charactenstics of
interest and methods by which te assess their affect. All calibrations / measurements perfoermed meet

the fore mentioned standards.

31 LINEARITY

The evaluation of the lineanty was done in free space using the waveguide, performing a power

sweep to cover the SAE range 0.01W/ikg te 10

0W/kg,

Fage: 4%
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22 SENSTTIVITY

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and fiaane simalating 1) naing wawemnides az eontlined in the standards

3.3 LOWELR DTETTCTICN T IMWTT

The lower detoction limit waz asscsscd uasing the samec moasurcment sct up as veed for the lincarity
measurement. The required lower detection limit 15 10 mWikg

94 TEOTROPY

The aual 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 configuraton suggested for system
validations and checks The probe was rotated along its main axis from 0 - 360 degreesin 15 degree
stepps. The hemispherical isotropy 1z detertnined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid, with the plastic box 1lluminated with the fields from a half wave dipole.
The dipole 15 rolaled aboul 1ls axis (O"=1807 10 157 imeremenls. AL each slep the probe 1s rolaled

aboutits amis (0°-3607),

35 BOUNDAERY EFFECT

The bonndary effert 12 defined a2 the dewiation between the SAR measured data and the reperted
exponential decay in the liquid when the probe 15 oriented normal to the interface. To ewaluate this
effect, the liquid filled flat phantom is exposedto fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAE i3 measured and
compared to the anal vtical value at the surface.

4 MEASUREMENT UNCERTAINTY

The gmdelines cutlined in the ITEEE 1522, TET &5 Bulletin ', CEMELEC ER50361 and CELIEC
62209 standards were foll owed to generate the measurement uncertainty associated with an E-field
probe cabbration using the waveguide techricue. All unecertmnbes listed below represent an

expanded uncertainty expreszed at approximately the 95% confidence level uzing a coverage factor
of k=2, traceable to the Internationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide
Uncertainty Probahility . . . Stand ard
ERROR SOURCES value (%) | Distribution Divisor | Uncertainiy (V)
Ineiderd or forwatrd powet 3.00% Rectanmidar V3 | 1 1.732%
Feflected power 3.00% Rectanmidar j | 1 1.732%
Licuid conductiwity 5.00% Rectangidar xg I 1 2 EET%
Licuid permittivity &.00%; Rectangidar -.."'3_’ | 1 2.300%
Ficld homogso ty 3.00% Reoctangadar V3 1 1.732%
Field probe positioning 5.00% Rectanmidar J I 1 2.E8T7%
Field probie linearity 3.00% Rectanmidar ﬁ,-"?T | 1 1.732%
Fage: W3
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SATIMO
Comb ined standard uncertainty SEIL%
Exp anded uncertainty 11 662%

Q5% ponfidenne lewel k=12

3 CALTIBRATION MEASUREMENT RESULTS

Calibration Parameters
Ligquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
21 ZEMNSTITVITY I ATE
Hormz dipole | Hormy dipole | Honmez dipole
1 WV | 2 owi ovim)™ | 3 (W iV
5.01 4 86 4.77
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(i) (m%) (m W
39 104 101

Calibrati on curves et=f(V) (1=1,2.3) all ow to obtain H-field value using the formula:
E=\JE:+EB +E}

B20=

Calibration curves

[
2 2 2
'1|:ll:l1:l

E-Field [VAn)

200-

100-——9
~

1- ] ] 1
DIDEI 005 010 013 020 025 030 035

Valtage [V)

Fage: &9
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[ipole 1
Dipole 2
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52 LIMEARITY

Linearity Error [dB]

1.00-
0.75-

Linearity

0.50-

0.25-

A T aaiasad

0.25-
.50~

0.75-

-1.00-
0

E-Field (V/m)

Linearityl+/-2.29% (+~0.10dB)

100 200 300 400 500 600 700 8OO 900 ‘EJ:IBB

5.3 EEMEITIVITY IN LIOTID
Liguid Freguency P ermittivity Epsilon (3m) CopwE
(hIHz +i-
100LIH )
HL300 300 44.76 0.2a 591
HL450 450 42.53 028 a.0a
HL200 00 41.54 097 a2l
HL1200 1750 38.35 138 a0l
HL1200 1820 39,43 142 0.4
HL2000 1950 40.34 1.44 577
HL 2450 2450 32.99 124 5460
LOWER DETECTION LIMTT: 7mWikg
Fage: 74
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SATIMO

54 IECTRECOPY
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

SATIMO

6 LIST OF EQUIPMENT

Equiprnenl Surnmeary Shieel

test. Mo cal required.

Equipment MManufacturer / Identification Mo Current Mext Calibration
Description Model ‘| Calibration Date Date
Flat Phantom Satimo SN-20/9-San7q [0 1dated. Mo cal slidated.  No - cal
equired. equired.
COMOSAR Test Bench arsion 3 N alidated. Mo cal alidated. MNa  cal
equired. equired.
Network Analyzer | R0 2 Rehwarz SN100132 02/2010 02/2013
Refersnce Probe Satimo EP 94 SN 3708 Characterized prior to |Characterized prior to
test. Mo cal required. Jtest. MNo cal reguired.
hultirneter Keithley 2000 1188656 1142010 11/2013
Signal Generator Agilent E4438C A 4207055 1 1272010 12/2013
Amp lifier Asthercomm SN 045 (lih_aracter.i_zed prior to Ch_aramer_i_zed prior to
esl. Mo cal regquired. Jlesl. Mu cal required.
FPawer Meter HP E4418A 1538261498 1142010 11/2013
Power Sensar HF ECP-EZBA L1S37151460 1142010 1142013
Dira ctional Coupler Marda 4216.20 01386 Characterized prior to |Characterized prior to

test. Mo calrequired.

Waveguide

Mega Industries

0BSY7-158-13-712

alidated. Mo cal

alidated. Mo cal

equired. equired.
Waveguide Transition | Mega Industries | DB9¥7-158-13-701 eaq“u':!féz_d' Mo cal eaq"u':'iféz'f" Mo cal

Miaveguide Termination

Mega Industries

0G3Y7-158-13-7 01

alidated. Mo cal
equired.

alidated. Mo cal
equired.

Temperature S Humidity

Sensor

Contral Campany

11-661-2

342010

32012

Fage: 34

Thes document shall nat be reproduced. except in fil o in part withowt the written approval of SATIMO
The inflvmmation corganed herein is 10 be wed only fov the popose fov witah it is submated ol is ot
Be released i whaole ov povr withour witten mproval of SATRIO




Report No.: AGC20X120801S1
Page 51 of 59

Appendix E. Dipole Calibration Data

SATIMO

The microsawe vision company

SAR Reference Dipole Calibration Report

Ref: ACR343411.5ATU A

ATTESTATION OF GLOBAL CONMPLIANCE CO, LTD.

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

BAOANDISTRICT, SHENZHEN, P.R. CHITNA

SATIMO COMOSAR REFEREMNCE DIPOLE

FREQUENCY: 450 MHE
SERIAL MO.: 5N 46.11 DIF 0G450-184

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

ACCREDITED

Calbratan CERT #2246.00

12/09/11

BTl gty

Ths document presents the method and resuits from an aceredited SAR reference dipole calibration
pesformed in 3ATIMO U3A vaing the COWNOI AR test bench A1l calibration results are traceable
to nati onal m etrology irstitutions.
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SATIMOD

1 INTRODUCTION

This document contains a summaty of the requirements set forth by the TEEE 1528, OET &5 Bulletin
Cand CELTEC 62209 standards for reference dipoles used for SAER measurement system vali dati ons
and the measurements that were performed to verify that the product complies with the fore

mentioned standards.

2 DEVICE UTNDER TEST
Device Under Test
Drevice Type COMOEATR 450 MH= EEFEEENCE T IPCLE
Manufacturer Satimw
Iodel STD450
Zertal Mumber S A6Ef1T DR Qi3d50-184
Product Condition {new f used) new

A yrarly calibraton interwal 12 recomm enderd

3 FRODUCT DESCRIPTION

31 GEMEE AT THEORMATION

catime s CONOSATR Validation Dipeoles are built in accordance to the TREEE 15325, OET &5 Bulletin
C and CELUIEC 62202 standards. The product 15 designed for use with the COMOZIAE test bench
only.

I
Fivure 1 — Suiirne COMOSAR Falicdhaiion Dipole

Fage: 4%
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4 MEASUREMENT METHOD
The TEEE 1528, OET &5 Bulletin © and CELTEC &220% standards prowide requirements for

teference dipoles used Jor syslem valldallon measuiemnenls.  The [ollowing measuremnenls were
petformed to werify that che product complies with the fore mentioned s:andards.

4.1 ERETUEREMN LOEERECIUIRENMETTTS

The dipele used for SAT system validation measurements and checks must have a return loss of =20
dB or better. The return loss measurement shall be performed agains: a liquid filled flat phantom,
with the phantom constucted as cutlined in the fore mentioned standards.

42 MECHAWICAT REQUIREMENTS

The IEEE 5td. 1528 and CELIEC 62209 standards specify the mechanical components and
dimensions of the validabhon dipeles, with the dimensions frequency and phantom shell thickness
dependent. The COWOZATR Lesl bench employs a 2 mon phoantom shell thickness therefore the

dipoles sold for usze with the COMMOZAE test bench comply with the requurements set forth for a 2
mm phantom shell thickness.

3 MEASUREMENT UNCERTATNTY

All uncertainties listed below represent an expanded uncertanty expressed at approxim ately the 95%
confidence level using a coverage factor of k=2, fraceable to the Internationally Accepted Guides o
IMMeasurement Uncertainty.

3.1 ERETUEMNIOSS

The following uncertainties apply to the retumn loss measurement:

Frequency hand Expanded Uncertainty on Return Loss
400-50000H = 0.1de

52 DUMABERSION MEA SR ERMEM]

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.0 tnn

55 VALIDATION MWMEASTEEMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin ©, CENELEC EIMN50361 and CELTEC
62209 standards were followed to generate the measurement uncertainty for walidation
measurements.

Scan Volume Expanded Uncertainty
lg 16.19 %%
10 g 19 86 %4
Fage: W&

Tigs docurneni shall not be reproduced, except in flll o in part, withow the writen gy oval af SATIM O
The infinrnation cortained herein is 1o be wsed only for the mopose for which it is submrgned and is notio
Be relased mwhole or povt withos watten geraval gf S TG



Report No.: AGC20X120801S1
Page 56 of 59
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¢ CALIMRATION MEASTREMENT RESTULTS

6.1 ERETUEMNLOSE

1 =To tee 410 43 430 ato 4 3@ e
5"
. .II f
33093
| 8 Fragaiancy M-z}

Freguency (V[Hz) Return Loss (dB) Requirement (dB)

450 -32.08 -20

6.2 MECHAWICAT DIWMENSTCHE
Frequency M Hz L mim h mm dmm
requlred meas ured required measured requ Ired measured
3040 420,01 8% 200.0 =1 % E.45 =1%:.
400 a0 0+1 3 FASS 1RE 7 +19% PASS E A5 =19, PAS &
758 178.0=1 %, 1000 =1 % E.35 =1%.
&35 1e1.0=1 %, 89,8 1%, JE=1%.
ET4ls] 148.0+1 %, 83,3 =1%. JE=1%.
1450 89,1 +1 %. 51.7 *1%. JEx1%.
1500 80,5 +1 %, SO0 1%, JEx1%.
1e49 79.80+1 %, 45.7 +1%. JEx1%.
1759 75.2 1 %. 42,9 1%, JEx1%.
1800 Ta+1 %, 41.7 +1%. JEx1%.
1900 E8.8+1 %, 39.5 +1%. JE*1%.
1959 EE.3 +1 %. 38.5 1%, JE*1%.
PR Ed.h 21 P, 40 E1%. 4Ex1%.
21040 Bl +l 36 5.7 +13%%. EN - -
2300 55.5 =1 4. 2.6 1% .61 %
2458 1.5 =1 % A04 =190 AE=1%.
2E00 A8.5 +1 L. 2E.8 1%L 4B+
000 1.5 =1 % PR S 1B+
3500 371 % 2E.4 +1%. JEx1%.
3700 3471 % 2E.4 1%, JE*1%.
Fagz: 64
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7 VALTDATION MEASTUREREINT

The EEE Std 1528, CET &5 Bulletin C end CELTEC 62209 standards state that the system
validation measurements must be performed asing a reference dipole meeting the fore mentioned
returt. loss and mechan: cal dimension requirercents. The walidation m=asurement must be performed
againit a liquid f£lled flat phantom, with the phantom constructed as sutlined in the fore mentioned
standards. Per the stardards, the dipele shall be positioned below the bottorn of the phantora, wita
the dipeole length centered and parallel to the longest dimension of the flat phantom, with he too
sutface of the dipole atthe described distance from the bottom surface of the phantom.

7l MEASTRENENT COMNDTTTON
Zoftwae CPENZAR VA
Phantcm BN 281 ELLIZ
Prohe SHARAL FPG12:
Liguid Head Liguid V alues: ens” 1 425 sigma: 088

Distatice between dipole center and lguid

15.0 mm

Area gzan resolution

de=8mirSdv=Emim

ZomndcanResolution

de=EmSdv=Emide=Smm

Frecuency 450 MHz
Ingndt povrer 21 dBm
Licuid Temperature 21 °C
Lab Temperahae 21 =
Lab Humidity 45 %
7.2 HEAD TIOUD WMEASTTREWMENT
F“:_‘ﬂfz"""‘ Relative permitthty [&,) Conductiaty (o) 5m
required measured required measured
300 45.3 £5% DBT 5%
450 43.5 5% PASS OB 5% EASS
P50 41.9 =5% OBt =5
835 41.5 5% .00 =5 %
G0 41.5 =5% 0.9 =5 %
1450 4005 =52 1.20 =5 2
1500 404 5% 1.25 5%
1640 402 =5 1.31+5%
1750 a0.1 =59 1.33 5%
1800 400 5% 1.40+5%
19038 400 5% 1.40+5%
1950 400 =5 % 1.40=5 %
2000 400 5% 1.0 =5 %
2100 9.8 +5% 1.48 5 %
230 389.5=5% 1675 %
2450 39.2 £5% 1.80+5%
2E00 9.0 +5% 1.96+5%
3000 8.5 5% 2.0 =5 %
3500 7.9 5% 2.91+5 %
Fage: M9

Tigi docurent shall not be rgprodweed except Bl ov in part, withow e wrthten appr oval of SATREO
The ffovraion covg@ned heran is 10 be wed iy for the pepoe fov wiich it U subwatted oud U5 not to
o rekrzand f wlnele & opamd wetfoees wetten gpreral of SRS



Report No.: AGC20X120801S1
Page 58 of 59

SATIMG SAR REFERENCE DIFOLE CALIERATION REFORT Refl ACR. 3453411 34TT.A
=41 1IMIO

7.3 MEASTREWMMEWNT EESTILT

The TEEE &td 1228 and CELTEC 62209 standards state hat the sysiem walidation measurements

should produce the SAE walues shown below (for phantom thickness of 2 mm). within the
unicettainty Jor the systsm welidation Al SAR walues are normalized to 1 W forward power In

bracket, the measured ZAFE. is given with the used input power.

Frﬂ“:zm" 1 g 5AR [W/kg/W) 102 SAR W/ kg W)
required measured required measured

300 2.85 1.44

A5 g 58 A 80 [0 A8) 9 F 27097
750 2.49 5.55

335 4.56 E.i2

300 10,9 E.99

1450 29 15

1500 30.5 1E.8

1640 34.2 184

1750 36.1 10.3

1800 38.4 201

1900 3.7 205

1950 ap.5 209

2000 a1.1 711

100 436 719

2300 437 233

50 52.49 24

ZBOO 55.3 246

5000 E3.8 257

3500 £7.1 I

Smfane FlachalecIndarciy Zoamin'0ul

Cobars 5 cades
1

SAR, F Axis Scan o = -8, 7 = -B)

Z.Lits Conlial 05~
Z= 40 i iE_ua- N
| EXTS
e "‘-._‘_
150 ™
! ) P
BAVE Canodl | iE0 435 0] et —
F— Qaz550 F51L0 150 &4 B0 I00D  EQD

2 i)

[ imml [T ¥
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8 LIST OF EQUIFMENT

Equipment Summa

Equipment Manufacturer f Identific ation Mo Current Next Calibration
Description Model ‘| Calibration Date Date
. alidated. Mo cal alidated. Mo cal
Flat Phantam Satimo SN-20/03-5ARM 1 erjuirad. equire d
COMOSAR Test Bench \arsion 3 A alidated. Mo cal alidated. Mo call
equired. Fequired.
Netwark Analyzer Rh“'jez‘g:\{,i“hwa” SM100132 0242010 022013
Calipers Carrera CALIFER-O1 1252010 1252013
Reference Prohe Satirmo EPG122 SN 18411 Characterized prior to|Characterized prior to

test. Mo cal required.

test. Mo calreguired.

Multimeter Keithle y 2000 1188656 1142010 1142013

Signal Generatar Agilent E4433C kA A07 0551 1242010 1242013
Amplifier Aetharcomm SN 045 Characterized prior to|Characterized prior to
test. Mo cal required. Jtest. Mo calrequired.

Fower Meter HPF E44184A, US38261498 1172010 1172013

Fower SJensor HF ECP-E2B4 U=37181460 1142010 1172013
Dire ctional Coupler Marda 4716-20 01386 Characterized prior to |Characterized prior to
test. Mo cal required. Jtest. Mo calrequired.

Temperature and
Humidity Sensor Control Campany 11-661-9 32010 32012
Fagez: 939
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