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SLirnarp:

This domment presents the method and results fiom an accredited COMOZAE Dosimetric E-Field
Probe calhrabon perfonned mm SATIMO US4 using the CALISAR FCALIBAIR testhench, foruse
with a SATIMG COMOSAER system only. Al calibrabon msults awe taceable to nabomal
metwlogy irs i tons.
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1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer Satimo
Model 88E5
Serial Number SN 04/13 EP166
Product Condition (new / used) Used
Frequency Range of Probe 0.7 GHz-3GHz

Resistance of Three Dipoles at Connector

Dipole 1: R1=0.231 MO
Dipole 2: R2=0.225 MO
Dipole 3: R3=0.228 MO

A vearly calibration interval is recommended.

2

21

PRODUCT DESCRIPTION

GENERAT INFORMA TION

Satimo’s COMOSAR E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C
and CELTEC 62209 standards.

Il

Figure 1 — Satima COMOSAR Dosimetric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 4.5 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 5 mm
Distance between dipoles / probe extremmty | 2.7 mm

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CET'IEC 62209 standards provide
recommended practices for the probe calibrations, including the performance charactensties of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

3.1 LINEARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01W/ke to 100W/kg.

This document shall noé be reproduced except
The information confained herein is fo be used

Poage: 9
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J2 SENSITIVITY

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

33 LOWIR DITECTION LIMIT

The lower detection limir was assessed using the same measurement set up as used for the linearity

¢
measurement. The required lower detection limit is 10 mWike
: o

The =xial 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 its main axis from 0 - 360 degrees in 15 degree
steps. The hemispherical 1sotropy is determined by inserting the probe in a thin plastic box filled
with tissuc-cquivalent liquid, with the plastic box illuminated with the fields from a half wave dipole.
The dipole is rotated about its axis (0°-180%) in 15° increments. At each step the probe is rotated
about its axis (0°-3607).

3.5 BOUNDARY FFFECT

The boundary :ffeer is defined as the deviaion between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal to the interface. To evaluate this
¢ffect, the liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe nommal to the phantom surface, the peak spatial average SAR is measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the TEEE 1528, OET 65 Bulletin C, CENELEC EN50351 and CELTEC
62207 standards were followed to generate the measurcment uncertainty associated with an E-ficld
probe calibration using the waveguide technique. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 95% confidence level using a coverage factor
of k=2, traccable to the Intcrnati onally Accepted Guides to Mcasurement Uncerlainty.

Uncertainty analysis of the probe calibration in waveguide
Uncertainty Prohahility e . Standard
FRROR SOURCES value (%) | Distributim | " | Uncertainty (%)

Incidant or forward power 3.00% Rectangulzr \5 | 1 1.733%
Reflected power 3.00% Rectangulzr \5 | 1 1.732%
Liguid conductiv ty 5.00% Rectangulzr \.'5 | 1 2887
Liguid perrutiiviy 4.00% Rectangulzr \3 | 1 2.309%
Field homogeneity 3.00% Rectangulzr & 1 1.732%
Field probe positioning 5.00% Rectangulzr \E | 1 2.837%%
Fleld probe lineanty 3.00% Rlectanguler \;5 | 1 1.732%

Page: 50
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Combined standard uncertainty 5831%

Expanded uncertainty 12.0%
95 % confidence level k=2 ’

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21 °C
Lab Temperature 21 °C
Lab Humi dity 15 9%

5.1 SENSITIVITY IN AIR

Qle Nl’\f‘m‘? _“i“ﬂll‘ Nnm7 ;“ I’\IF
pyis RRLE BHEGARE LR

LNULIRELY

uV/(Vim)*) |2 (WV/(V/m)™) | 3 (uV/(Vim)*
8.57 4.83 7.15

DCP dipole 1 | DCF dipole 2 | DCP dipole 3
(mV) (mV) (mV)
92 20 5]

Calibration curves ei=f{V) (i=1,2,3) allow to obtain H-field value using the formula:

E=\E +E '+ Ef

Calibration curves

1025- —=
800 =
£ "
= 800 / Dipole 1
T 400 o Dipole 2
200 / Z
1-! .
0.0 01 0.2 0.3 04 0.5 06 07
Yaoltage V)
FPage: afe

This document shall nof be reproduced, excepf in full or in part, without e wrifen approvel of SATIM O
The Information confained herein s fo be used onfy for fhe purpose for which it iz submitted and 15 nof fo
be released I wiwede or parf without writhen approwed of JATIMO,

CCIC-SET/T-1 (00) Page 83 of 119



)

CIcC
v Report No. SET2015-12413

5.2 LINEARITY

Linearity

1.00-
0.75-
0.50-
0.25-
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.50~
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.00,
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E-Field [\//m]

Linearity Error [dB)

Linearity:l+/-1.55%% (+/-0.07dE)

53 SENSITIVITY IN LIQUID

Liguid Frequency Pettnithivity Epsilan (S/1m) ConwF

(MHz +/-

100K H=)
HLEs50 B35 4280 0&o 5H9
ELE50 235 5345 0.96 582
HL200 o0 42,47 0,96 534
BLS0O0D ano 5H.68 1.08 555
HL1800 1800 41.30 138 475
BL1&00 1200 53.27 1.51 4.94
HL1900 1900 41.09 142 2.25
BL1500 1900 54,20 1.54 5473
HLz000 2000 3972 143 481
BLZ00O0 2000 5300 1.53 495
HL2450 24510 39.05 1.77 493
BL2450 2450 52,98 1.53 509
HL2a00 2600 38.35 1.52 508
BL2A0O0 2600 51.82 2.19 522

LOWER DETECTION LIMIT: TmWkg

Paga: 719
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54 ISOTROPY

HL900 MHz
- Axial isotropy:

- Hemispheneal iselropy:

HL1300 MHz
- Axial isotropy:
- ITemispherical isotropy:
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6

LIST OF EQUIPMENT

Equipment Summary Sheet

Current

Next Calibr ation

Directional Coupler

E quipment Manufacturer / q c
Tdentification No.
Description Model CHTeation X0 Calibration Date Date
Flat Phantom S atimo SN-20/08-SaM71 | oidated. Nocal - WMalidated. - Ro - cal
equired. required.
COMOSAR Test Bench|  Version 3 NA alidated. No cal alidated. Mo cal
equired. required.
Netwark Analyzer Rhndeg‘vi':hwarz SN100132 02/2013 022016
Feference Probe Satima EF 94 SN 37/08 1072014 10/2014%
Multimeter Keithley 2000 1188656 1242013 1202016
Signal Generatar Agilent E4438C MY 49070531 1242013 1202016
Armplifier Aethercomm SN 046 Characterized prlprtn Characterized prior ta
test. Mo cal required. {test. Mo cal reguired.
Fower Meter HF E44184 U538261458 1242013 1202016
Fower Sensar HPF ECP-EZBA US37181460 1242013 1202018
Narda 4216-20 01286 Characterized prior to | Characterized prior to

test. Mo cal required.

test. Mo cal required.

alidated. Mo cal

alidated. Mo cal

Wiaveguide Mega Industries OB9Y7-168-13-712 equired required.
\Waveguide Transition | Mega Industries | 089v7-158-13.701 [/ aidated. No cal alidated. No cal
equired. required.
aveguide Termination| Mega Industries OB9Y7-158-13-701 alld_ated. No cal ahd_ated. Mo cal
eguired. required.
Temper?;gfsé:'“m'd'w Cantral Camparty 11-661-8 8/2013 8/2018
Page: 99
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SID835 Dipole Calibration Ceriticate

SATIMO

The icromy oedar cam

BE B R

SAR Reference Dipole Calibration Report

"

Ref': ACR.240.1.14 BATUA

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD
ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN
SHENZHEN, LR, CHINA (IPOST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 0913 DIPOGS35-217

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

B8/28/14

Summonrys

Ihis desumenr preserts the method and resulis feom an aceredited SAR reference dipole calibrglon
pecformed in SATIMO USA wsing the COMOSAR wst bench. Al calibration results are maccablz
L msgbiomal et logy insteldions,
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1 INTRODUCTION

This document conraing a sunumary of the requirements set forsh b the TEEE 1328, OET 63 Bulletin
Coand CEUIEC 6220% standards for reference Bpoles vsad for SAR messoarement system validations
and (he mewsurements that seere perfonmed o verily that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST

Device Under Test
Device Tyvpe COMOSAR 833 MUz REFERENCE DIPOLE il
hanufacturer Sulima
Peduacliel slD835
Serial Banber BN 0413 DIPOCGTR33-21T
Froduet Condiion (new < used) wed

Acvearly calibration interval 18 recommended,

3 PRODUCT DESCRIPTION

il GEMERAL INFORMATION

Satmo’s COMOSAR Yalidation Dipoles are buill in accordance (o the IEEE 1328, OET 63 Bulletin
Cand CENTEC 62209 standards,  The product 15 designed Tor vae with the COMOSAR fesl bench
only.

l'*l E : g.!: | !
Al ELE R

Fipure 1 - Sorimse COMOSAR Palidarion Dipale

T oM A oy e i i B A or A it WO A TP e s o S
¥ T
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4 MEASUREMENT METHOD

The IEEE 1328 OFET 65 Bullatin O and CELTREC A220F sindands provide requirements for
reference dipoles vaed for swatem validation messurements. The lollowing mensurements weres
performed to verify thatl the prodoct complies with the fore mentioned standards.

4.1  RETURK 1.OSS RECHLITREMEN TS

The dipale used for SAR system validation measuremenrts and checks must have 5 return loss of =20
dld or setter. ‘The return loss measurcment shall be performed against o liguid filled flat phantom,
with the phantom consueted a5 oulined in the fre mentionesd standards.

47 MECHANICAL RTOUIREMERTS

The TEEE Sk 1528 and CEFIEC 62209 sandaeds specife the mechanical components and
dimensions ol the validation dipoles. with the dimmensions frequency and phantom shell thickness
dependent.  The COMOSAR test bench emplevs o 7 mm phantom shell thickness therefare the
dipales sald for use with the COMOSAR st bench comply with the requirements sel forth Tora 2
mun phantom shel] thickness,

5 MEASUREMENT UNCERTAINTY

Alluneemainrices listed below represent an expanded uncerlainty expressed at approsimately the 93%
confidence level using g coverape [eter al ko 2, traceable in the ITniematianally Accepted Guides i
Meazurement Lincertainty,

i1 RETURMN LOSS
The Inllowing uncertaintizs apply to the retrn loss measurement:
Fregquency hand Expanded Uncortainty on Return Loss

-GN He 0.1 dn

52 DIMENSION MEASUREMENT

Thae fsllowing unceriiniies apply o the dimension messuremnents,

Length (mm}) Expanded Uncertainty on Lensth

3 =300 0.0% mm

330 MALIDATION MEASUREME |

The zuidelines outlined in the [EEE 1528, OET 63 Bullatin O, CEKFLEC ENA0361 and CELTEC
62209 apandsrds  were followed W pencrae the messoement oneerlainty lor validation
MCASUECmEnts,

Scan Volume Emnurﬁad L peertainty
[g 203 %
g | 20.1 %%
Page: ¥

e st GAEE e e neemodonodd, e in S i par et e et seereed of 200,
S o HO b | b 4 b
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i CATLIRRATHON MEASTUREMENT RESITLLTS

6.1 BETL RN LSS ANMD IMPEDARCE [ HEALY LIS

Frepeancy, MHz 1
Bel o W 5A b

Leens Wil iR — i wllicn o ERSS

Fregueney [f"r’ll_lr.} | Return Luss {-Elﬂ B ._“I.'l.l_l.liﬂ.‘ﬁl-l_‘l'll_lid“i-_ Impedance
¥i3 =23.17 =20 S740-02j0

6.2 RETURN LOSS AKD IMPEDANCE IN BODY LIQUID

Frequency, M-z
TE Tl FED BDO BXI B0 560 BED GO0 920 GSAS

T BRSSP ——

:‘.:_{
3 i
Frequency (MHz Heturn Loss (dB) Requirement (dB) Impedance
#33 -24.50 =20 JA0LY 300
6.3 MECTIANICAL DIMENSICNNS
Frequency Wk L mm hmm dmm
required measured required mecasurad requircd measured
300 420011 %, 150011 K. .35 =1 %,
A58 290.011 %, 156,721 %, G.35 21 %,
750 176.041%, 130,02 %, 5.35 21 %,
835 | 1ELO%1%. PASS ERE L%, FA55 146 £1 %, PASE

Page: 0/

e cewanent abad vant It repiidusead eeern M i o e gt withene fhe nelen appee! of s TG
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SATIMIO SAR REFIRENCE DIPOLE CALIBRATION REPORT Ref ACR.2A0 112 5ATE 4

am LADDA1H EERE 14 11 5

1250 — EXELY 1611 %,

7400 ARG 1, 16 1%,

16&0 TR B2 361 %

1150 752a1m, 16tl% |

1800 | 70w 1.6 £1 %,
T am BEO=1%, 1581% |
T G632l %. 1.5 1%,

2300 | aseim 16 £1 %,

100 | Aozt 1521 %

2300 | ssseim 1651 %,

2450 [ stsum 30421 %, 16 £1 %,
T 2 | agsatm. ®L=LH | a5

atao | argsaim 50=1%, 15 £1%.

3500 [ zrearm A1, 16 £1 %,
[ i 34721 %, T 1651 %,

T VALIDATION MEASUREMENT

The IEEL Std. 1328, OET 63 Bulletin © and CEVIEC 02209 standards state that the system
validation measurements must be performed vsing g reference dipole mecting the fore mentioned
return loss and mechanical dimension regquiremen s, The validation measurement must be perfonmed
against o lquid [llad Tal phontom, with the phantom constructed as outlined in the fore mentoned
standards. Per the standands, the dipode shall be positioned brzlovey the bottom of the phanoon, with
the dipale length centered and parallel to the lengest dimension of the flat phamtom, with the top
aurface of the dipale at the described distance from the bottom surface of the phantom,

7.1 HEAD LIQUID MEASTTREMENT

Freﬂ':i"“ Relative permittivity 1.7 Conductivity [u] 5fm
requined measurad requined measured

o d53=5% OBF 5%
450 4350 % DE? B %
Th0 419 :=5% DEI=5 %

LEH 415=5% PASS 083z5% PAGE
o] 41545 % 087 6%
1450 AT5:=0% 133:z5%
1500 A2 =5 % 123:5%
1540 -1:: 2z5% 13l=5%
1750 A0 1=5% 137z5%
i 180 400 =0 % 143=5%
19m 100 =5% 1A3=5%
1950 400G =5 ¥ 143z=5%
-EIZIDCI AOC=5% 143=5%

Poge. 777
i alurearnt it e b pdiendand, e il o !'I RET AL TR T ..:.-.; '--.'.Im"!.‘-'!.".""-:'.'.i.' APRTTINA

™ F o
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SAK REFERENCE DIFOLE CALIBRATION REFOR] Bof ACR 0T HLIATLLA
SATIMOD
z1an FOE15% LA915 %
2100 IBELER LG715 %
50 I215% LED1S %
ZE00 38015% LB %
LR JBS15% 24015 %k
3500 ITRi5hH 29545 %
7.2 SARMEASUREFMENT BESULT WILH HEAD LIAL 1D
The IBEE Std. 1328 and CELIEC 62209 standards state that the sysem validation measuremens
should produce the SAR wvalues shown belew (for phantem thickness of 2 mun), within the
uneertainty for the svatem validation. Al SAR values are normalived w | W forward power, In
hracker, the mensured SAR i= piven with the nsed inpur pooer.
[ Saftware CHENSAR v
| Phurtom SM M BAMT
Proe mMOEST EPLT3EZ
Lagjuid Hengl Ligguied Volues: eps” 3 42,3 sizmu - .02
Distumey betoeen dipole center and Dol 15,10 mm
Are sean resolufion dx—Emmidy=Frm
Loon Scan Besolition dx-Bmmedy- Bl -Smm
Fregquenyy 835 MH=
Inpanl prwver 20k didn
Lagpuaad Termprature - ™
Laib 1 ermperalare 2170
Lah Hune iy a5 =
PR 1 £ SAR (W] 10 g SAR (W /ka /W)
reguired measured required measured
i 145 T4
450 155 RV
Fan B43 .03
45 55 0,5 {05 E37 €30 (263
W ma BI9
1454 i) 1B
15061 .2 a8
1640 142 e
1750 Jad 95
1800 153.4 ml
1800 9.7 ms
1850 0.5 0.9
2000 411 211
21040 436 19
23040 4.7 P
Peggeer el
Fiem el sfuy aoy S reprialicen Srvepy g e o e ot ety de wesliee copeen ol S T
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SAR REFEREMCE INMOILE CALIBRATION REFORT Ref ALR.HLLI SATL A
SATIMO
2450 52.4 24
2630 53,3 B
J0a ESH IRT
2520 7.1 25
I f E
I - e |
| 12 | \ 1
- oam 1
. o
- Bl | L R L
o = e T T
P I B | I_ll:. tasd s s
Ziw
73 BODY LIOUID MEASUREMENT
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de=Rmmedy=8mim
de=Rinmv'dy=Rm/dz=3mm

c3d. 0 slgma 007

B35

815 W71z

2 dF

o F

i

45 5,

1. SR (WkgM) 10 S8 (Wikgiv]

measured ! masured
1031 (1.03) ' 5,74 .67}

|
iy -
E.:_L
] \R‘“-.H
=
:s- I T — \
:J':II.I.I_L.I:IE."I..'ﬂ_',-'.':._‘-.'.

Mgz M

T deemn sl o fe recreerd eyt vl e i e, eofiond e Cordin auiinesad af YAV
. i ! Al - 1 o

CCIC-SET/T-1 (00)

Page 96 of 119




Report No. SET2015-12413

BATIMIO

AR KEFEREMCE IPOLE CALIBRATION REFORT

B LIST OF EGUIFMEN]

He® AR 40T 1458771 A

Equipment Summary Sheet

woon 0 LR Cuprente | Next Calibration,
B lduﬁl;ﬁf!!guﬁh . iﬁﬁmﬁniﬁ]h‘ ﬂa:mr:—gnl:' "“j&:.
SAM Phantem Salir SN-20/09-SAMT gﬂiﬁ” il E‘:ﬁfﬁ_"ﬁ” e el
;DMDEAF'. Tas: Baneh Version 3 N, “E]l:_'ﬂfetﬁd No cal iﬂﬂ?@tﬁd Mo cal
Network Analyzer H"”“;ﬁ“"wﬂz SN100132 0212013 02/2016
Calipers Carrera CALIPER-01 1202013 1272016
Refarenca Probe Satimc EPiE122 5N 1841 | {02043 102014
[ et Keithlay 2000 118556 1202013 1212018
_Eignal Banerator Aglent E4£380 MY4507 058" 122013 122016
Fawer Metar HP E44184, US38261496 1202013 1212016
Pawer Sansar HP ECP-E26A, IS37 181450 1212013 1202016
_Dir-:ctin::-nal Conipler Marda 42152 01383 E;Z?mﬁtc‘e:;ffagﬁg.E;T_r‘ﬂfzszgqp:ﬁ;?
L‘ilr[‘nil’;;tgfnigf Cartral Company 11-661-3 E/2012 812015
Pegger: {144
.: e aresmend skl non g reerenlosd! e .",'"II-- -:-'-'-"_U".:" L lr--'-'n_-:-wu' '-:'\ Ir.'--l.'.'rn. .|:|.|-..-\:.rﬁ-.:l' A I‘-' '|"-'.'T".'

CCIC-SET/T- (00)

Page 97 of 119




Report No. SET2015-12413

SID1900 Dipole Calibration Ceriticate

SATIMO

Thed KT T2 A% I EEIT Ty

SAR Reference Dipole Calibration Report

Ref: ACR.240.4.14.5ATUA

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: 1900 MHZ
SERIAL NO.: SN 0913 DIP1GR00-218

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

A
N )
SN
e A @:!
e i b
Ly [AccREBITED]
R reT—————
08/28/14
SETIRAT
This ducuineri presents the mathod and resalis Tron an secredited SAR relerence dipole calibeaton
performed in SATIVO USA using the COMOSAR test bench. All calibeaticn results are traccable
lex mankpeanin | II'IrlrI1|-i'\l_l__ll_'|-' mnshiiubiais
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SAR REFERENCE DIFULE CALIERA L 1ON REPHLT Rest MK 290414 SATLLA

SATIMO

1 INTROUCTION

This doeument contwns o summary ol the regquirements sel forih by the TEEE 1328, OET 95 Bulletin
 and CEFIFC 62208 standards tor reference dipoles used for SAR measurerment sysler velidations
and the messurements that were performed to werify that the product complies with the fore

mantioned standurds,

2 DEVICE UNDER TEST

Device Under Test

Deviee Type | COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturar Satima

Madel | SIT 000

Serin] WNumbser L SN DMPLGY00N-21 %

Produet Condition (new ¢ used) Lised ]

Acyearly calibration interval is recommended.

3 PRODLCT DESCRIFTION

31 GEWERAL INFORMATION

Satimo’s COMOSAR Validatien Tipoles we buill i sceordance (o the TEEE 1528, OET 65 Bulletin
Coand CEVIEC 62209 standards. The product is designed for use with the COMOSAR st bench
anly,

q 'H! ! EM{EII:I'

Figu re | - Satino COMOSAR Valid r'u;r:.}'}.r"m:-.!'c

=2l

Home: 4751

The gzt sl pod pe repreanced, exest ol ol o e pan, soninnd e wrren apmegeal 205
- | S :
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SATIMO

4 MEASLREMENT METHOD
The IEEE 1528 0T &5 Buletn C wnd CLEUVIEC 62200 stundards provide requircmonts to
reference dipoles used Tor syatem validation measurcments,  The following measurements were
perfommed o verify that the product complies with the fore mentioned standasds.

4.1 BETLURM LOSS RECUIRCMENTS

The dipole used for SAR svstem validaton measurenients aod checks must have o retum loss of -20
dBar herter. The retum loss measarement shadl be pecformed against a ligquid e Tar plaotom,
witl e phiantom constucted ws vutlined in the fare mentened stardards.

1.2 MECHANN'AL REOLUIREMENTS

The IEEE 5ud, 1325 and CELMIEC 62209 standands specifly e mechanical compenents and
cdimensions of the velidation dipoles, with the dimensions fregueney and phantom shall thickoess
dependent,  The COMOSAR test bench emplovs a 2 mm phantom shell thickness therefore che
diperles socd for use wity e COMOSAR 1esr bench eomply with the requirsments set faeth fora 2
rrun phantean shell tickness,

§ MEASUREMENT LNCERTAINTY

All uneertarntics hsted belos represent an expandsd uncermainty expressed ar approsiniately the 93%
canlidanee level usine a covernpe Gctor ol b 20 taceable w the Infemationally Accepted CGuides to
Mleasuremant ncortainm.

%1 RETURK LOSS

Thie Jallowing wncerluniies apply to the retum loss measarement:

Frequency band Expanded Uncertaindy on Heturn Loss
A00-6000ME . ! 0.l di

32 DIMENSION MEASURLEMEMN T

The Tollewing uncerlwintics apply io the dimension measurcmenis;

| Length (i) Expanded Uneertainty on Length

| 3300 005 mm

231 MALIDATION MEASLIREMENT

The guidelines outlined in the [ECE 1528, OLT 63 Bulletin , CENBLEC ENZG3G1 and CRIIEC
G2 asendards wers follewec w gencrare the measwerent  wneerlainty  for validation

R AT 10T
Scan ¥olume Fxpanded Uncertainty
lg 203 %
Ing 20019

f'r_lm 55
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SATIMO

6  CALIBRATION MEASUREMENT RFESULTS

il RETURMN LOSS AND IMPEDANCE [s TICAD LIOTU Y

mequancy Mis |
1880 1E0 1930 10 18E0 150 !HE-'.-'l

W0 TR D T

| Fregueoey I_..‘l"]llj!.:l Return Lioss (i) HEl]IIiFEMEnl‘ﬁB}_ | . Impedance
| 1490H) -23.44 20 | s540.52jn

A2 RETURNT 0SS ANT IMPEDANCE [\ BODY LIGUID

Frequaney, M-z

BT 100 8D DEF TEED WD 1500 15D TR0 1HRO  POOM

¥

i
5 |
E B
g |
i =
. 1
AL
i —
&
Fregueney (MILe) Heturn Loss (dB) Reguircment (1) Impedance
14 -27.30 -2 FLTLOE 440
3 MECHANICAL DIMENSIONS
Frequercy Mz Lmrm h i dmm
requined measured required RasLad required reasred
30 4200 11 %, B H ¥ LECEVES
451 2ip0 =l % BT B AAE+] %
Fis| 176021 %, =1 % GANALE
535 | 16L0=1% HEH-1H 1514
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11k} 149,71 #1 . -_ EEEE IR R 3B+ H.
450 1%, PR wes |
1400 RlLE il %. S0.011 % 1E=1%. |
1610 ALl misle | 1621%
100 TRIZ1I® g1 B 1% Aa=1%.
e 2.0=1% LT =1% 1571 8.
i FAO=1% ERGE 0.5 =1 %, [ TR H Fakz:
2951 Laizl®s 15511 5, L1l % .

T aom BA 5 =1 %, WTEH R TEHL K,
L1006 IR EN N 25711 I EHL M. T
P LA ELE 1EEL%.
2q4ui | C1.5 #1 %, _?.'I.ﬂ 1R IE+LE
2ECD LL A N IHB LI % I 15:1%
.'ﬁ;EI.'l.'I 41,5 #15, I RO R 1G=1%

. R0 Ir=1% L4Ll% A6=1% [ |
Py =1 [ mazim | e

7 VALIDATION MEASLUREMENT

Tae ILLLE 814, 1528, OF1 63 Bulletin C and CEFIBEC 62209 sumduds state that the system
yalidation measurcments must be pertormed using a reference dipole maeting the fore mentivned
rerurn loss and mechanica) dimension requirements, The validation measorement must be performed
wpainsd @ liguid filled el phantom, with the phantem constrocled as cotlined in the tore mentioned
erandards. Per the standards, the dipnle shall be posiiened below the botiom of the phantom. with
the dipole length centered and paralle] o the Jongest dimension ol the T phantom, with the top
surface of the dipels al the deseribzd distance trom the bottom surface of the phantom.

F1 HEAT LTOUIN MEASUREMENT

HT:'E"” Tebative permittiiey e, Canductivity [a} 5/m
. renuirad measured reguired rgasired

300 45345 H ORT 5 5%

ELTH 235 15 % B 4?15 %

b 41545 % QB 5 'R

1% aLsisy o0 ]

RIEN] 1155 % LEF % ]

1450 s == % LHI-5%
T 1mm a0 =5 % 12515 % |

<540 N7=5E 131 +5 % I T
[ 1751 40110 % 1271

1500 R LR i LAZ 5 &

1300 SO0 th % FARS 1401h % FAG5

JEHTE] 0% 1G5 %

EHIHE] q:.L'l'J"{_ LA % %
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Bl At 20 19 3]0 &

SATIMOD
#1405 _=\-’|.H 5 % 1A% 15 %
P 19515 % | tér=s
Mn0 245 % LiD=%
Fhlll 4.1 l'J-';I lub="%
020 IR AR Tan=w |
ELHis ArEIn kR 251=%

72

SAR WMEASURERENT RESULT WITILHEAD LIQUID

e TEEE S0l 1528 and CLETRC 6220% sandards stare thar the system walidation. measurements
should prosluce fhe SAR walues shown helow [for phantom thickness of 1 mm), within the
miccrtaingy for the svstem validabion. ALl SAR values are pennalied o | W forwvasd power, Lic
bravket. the mensured SAR iz given with the usad input poawer,

Sarllwans
Plutribuic
b

Liquid_

OPPMNSAR ¥4

i Walies: ey’

2410 sigmia s 1472

| DCstans betwoia dipole ceoner aid Tiquid
Arta SEiu (Es0uton

100 mm

i “Erarvily-Hnm

| Zoza Scan Resalurion d=Rrrvicy=Hond e
Fregoercy 1400 K
Ingut pawer T i
Liguid Tempesmare 11
Lah Tamperarne 3] %
I nh Hrrn 15 %
s LSAR WMWY |10 g SRR (Wl W)
required . rmeasrad ! reqquired meszured
oo 285 lT 1
_iﬁl'. 3.5 I 3.0
Tak 445 R
RI5 AR 5ad
LW .y I L.as
1450 28 1E
s 2.5 | 1b.d
1640 34,2 1.4
1750 304 104
1800 384 .
men At AT L0 dE ELED 2.1
1550 al.h 2.5
2000 41 2]
100 I EER .:.'.:-.*r_
4300 . ¢ 21.3

Pame K50
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=50 524 b |
2500 533 221
1an ] 200 )
EEH il 75

BOHYY LIQLIDY MEASUREMENT

il AR e

e e ol e ey

O

Fw:;l'i"“ Relative parmnittivity r,’] Conductivity () Sm
required . measured required maasuran

150 B1.9 5 5% QD25 %

M) LHIAE % 007 %5 4%
_W S0 LS % 0.4 45 %

Tal SRS 096 25 4

B35 AR 0,07 46 &

QM 5045 % 1-.-:-1'. W

9145 55045 %, | 516 +5 %

1450 LR 13045 %

L&10 RS 14045 %

T#00b 531250 1521534 ]

(1] SA3=S PSS 15245% PASE

Al FL3=5%

2140 FLE5%

450 BLT =5

20 5L5=5% 1Lz |

ETI0TT] EAO-E, 1Ti=0 %

3500 :-1.3: % 2315w |
_."‘3'::'“ L0,0 0% 010y

5300 4.4 110% 547 +10%,

3400 A0 L0 CLERS L3

W T Oy
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SATIMID

SA00 EEE TS LY =45 11l
.T‘

SN0 a8.5 10 % ST
2800 | A2 ELL % hII L0 E

T4 SAR MEASURCMEMT RESLLT WITHT RO LIGILIL

Anlware OPEMEAR v

Pt SM 0L 5AMT

ok S OIET] RINGTAZE

1iguid Moncle [ icw e Walucd: epa’ 1 342 sigma: L3
| I¥istanice beswesn diil woibe ai'ed ligquid L4l mm B

A st resalution de=Ermde=S |
[ Bean Resehulion ) =4y =dnedz—3mm ]

Frequency 1910 hdH 2
ﬂm e 11 L Han

Ligquid Temaerlare [ 20 ]
" Lok Temperun: 21 °C ) ]

Lk Thuaridizx 45 %

FHpIReY 1 g SR [l 103 SAR (W E/W]
R asuTEd mieasuned

1o ANEL 4 08! | T 1212

Puge! (075
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5§ LIST OF CQUIMMENT

Equipment Summary Shest

Next @alihrtion
’ Calj . Date
[ Ay Vaidated. Nocal  alidated. Mo cal
2AM Phantom Sabmo SH-200E-SAMT sy tequir&rj
COMOSAR Tesl Bench vergior N Velideted. -Mo'el - Wellidaler -hio sl
reguind required,
Nelwork Aralyzer | 007 2 S SN100132 220013 ealE
Calipers Zamsa CALIPER-01 12203 TER0E
Referznce Probe Safimin EPGE12E SN 1811 e e 102014
Wultimater Feithley 2000 1183856 1B 12N
Slgnal Lenerazor agilent E44345L0 NIAHOTGRE 1272013 1202016
: . Characienzed grior to Characterized pricr ta
nlls SN
RpHRbr ARLE iR ARl RAg tast Nocalregured. fest Mo cal reniind
Powar eter HP Edd134 LIS3aE51 408 1452013 1202016
P Sensor HP ECP-EZR8 LIEITIET460 122013 122016
i p ; - Characterized prior ko Enaracterlze-:'l'prlnrm
Directions] Couplar Parda 4216-20 01385 1es1 No el required. |8est, No cal required
Termperaturs and . it . FriL
Hmidity Sensor Conral Cempany 11 861.& e Wb aias
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Sl SATIMO
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g_':ﬁ :;.--E"* . SAR Reference Dipole Calibration Report
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| li T Ref: ACR.240.6.14.5ATU.A
o T
e e
imE
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i i’ 5 ! . .
SR
83| CCICSOUTHERN ELECTRONIC PRODUCT
R TESTING (SHENZHEN) CO., LTD
lﬁlfl ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
-:-'j'“ 5"-"5* TOWN
;‘#Li SHENZHEN, P.R. CHINA (POST CODE:518055)
__:'_r_' '_ﬁ_ﬁ SATIMO COMOSAR REFERENCE DIPOLE
Fam FREQUENCY: 2450 MIIZ
'-j’fi‘ii SERIAL NO.: SN 09/13 DIP2G450-220
ol Calibrated at SATIMO US
ﬂﬁii 2105 Barreil Park D, - Kennesaw, (A 30144
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T ohe P
BB SNk
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l © Ew i L8| performed in SATIMO USA using the COMOSAR cest beneh.  All calibration results are traccable
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SATINMIO

i INTRODUCTION

This document containg a summary of the requirements set forth by the IEEE 13238, OE 1 65 Bulletin
Cand CEFLEC 6220% standards for reference dipoles used Tor SAR messurement system validsations
and the measurements that were performed wowvenly that the prodoect complies with the fore

menhioned standards.

2 DEVICE UNDER TEST

Device Under Tast
COMOSAR 2450 M1 T REFERENCE DIFOLE

Device Twpe

Manutacturer | Satimo
Ml vz [ 102450
Serinl Mumher EN091E DIP2GEA0-220

Product Condition [mew ! :J:.c.:fl_] _ 1Tsem] -

A yearly calibration interval i recommended

L PRODUCT DESCRIFTION

il GENERAT INFORMATICN

Satimo’s COMUSAR Validation Dipoles are built in accordance o the IEEE 1528, QFT 65 Bulletin
C oand CEVIREC 62209 standards. The produet 13 designed for ese with the COMOSAR test bench
only,

|-l N
"

l w. : i i T i |
a - EE LI P EES}
RN ERR R R

Figure | - Satdse COAMOSAR Validation Dipole

Poega 2401

Tz pemme g shedl nob fie repeoniiow ease i e i e, et e e e o VATTL
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4 MEASUREMENT METHOD

The 1EEE 1528 OET 63 Bulletin © and CEFTEC 62209 siandards provide negquirements for
reference dipoles vsed for system wvabidation messorementss The fllowing messuremenls were
performed to venify that the product complies with the [ore mentioned standands,

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAWR system validation measurements and checks must have a return loss of =24
A3 o better. The return (oss measurement shall be performed againat a quid Glled flar phantom,
with the phantom constuctad g outlined in the fore mentioned standuands,

4.z

The IEEE Skl 1528 and CEFIEC 62309 standards specify the mechanical componess and
dimensions ol the validation dipoles, with the dimensions frequency and phantom saell thickiness
dependent.  The COMUSAR tost bensh employs o 2 mm phemiom shell thickness therefore the
dipalzs sold for use with the COMOSAR et hench comply with the requirements st forth for g 2
mm phantom shell thickness,

5 MEASUREMENT UNCERTAINTY

Al unecrtaintics listed below represent an expanded imeermaingy expressed at approximately the 95%
confidenee level nsing a everape Gewor o k2, traceable w the Intzrmationally. Accepted Guides w
Mensurement Uneerainty,

51 RETLRN LCKSS

The follewing wocertainties apply o the retumn loss measarement:

Frequency hand Fapanded Uneertainty on Return Lass

SO0-6000MT T 0.1 dR

52 IMMEKSION MEASUREMERNT

Tl Gollureeinge wouertintis apply o Qe dimersion i nenis,

Length (mm) . Expanded Uncertainty on Length
i 3 - 300 {05 mm

53 NALIDATION MEASURENMENT

The guidelines outlined in the [ERE 1528, OFT a5 Bulletin C, CENELEC ENAD361 and CELTEC
G309 standards were  [ollowed o penerate the  messursment uneertwinty  lor validation

meisuremenls,
Scan Yolnme Expanded Lincertainty
la 203
10g 0.1 %
HMage: S0

¥l anemmen shan dvd e reraaliced crcent 0 e s e wethame Bie nevien aperavn o5 TG

CCIC-SET/T-1 (00) Page 113 of 119




)

1C

Report No. SET2015-12413

—|@

SAK REFERENCE DIPOLE CALIERA TION REPORT Bl AR
SATIMD
6 CALIBRATION MEASUREMENT RESULTS
.1 RETLHEN [OSS AN IMPEDANCE TN IHCAD LI
|

Frauency. b
I3E MO0 M MHEP MEN MEQ S 32D E-:‘E-l?l

HeG L SATILA

62 RETURN LOSS AND IMPEFRANCE I BODY L1011

Fremmncy, MiHr |
#En IR MDD M M4l MED MR ISDOD XM JEGH

- {
l:; ¥l t |
© Ly, |
<35
4ip 1
bl 1
e N R T
e Frequeney (MHz) | Rutnr_n _[_.:r_r_g.'.q 1_|]H-_]-_ ‘ Rt_lilll'il‘l.'ml.nnt[llB] Impedance
24.5) <2730 -2 §1.70+35j0

i ".'.'g.-: S

T ek wmenid sherld nor b rvgwenkaened ecczem or SN Br e pren, Hiden! o e appresas af BT
- . ' e b H R

-15
m
- = e e
-
&
-4
Frequency (MHz) Rerurn Loss (dB) Requirement (dif) Tmpedanes
2450 -27.56 -20 54.30+0.950
6. MECHANICAT DIMTNSIONS
Frequency MHz Lmm h mm d min i
required measured requined miasured requirad minasurad
o] 420021 %, 250021 %, | casiim
450 18900 =z1 %, 1667 =1 . EAS K1
750 17601 %, 1000 =1 %, BAsl
815 161221 %, BAAL1% |  HBATH
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Bl A 240 14 5aTll g

SATIMO
ana A5 D41 % B13=1%. 16 %
1451 81.1=1%. 517:1% 364 %
1500 Buh-l%, Ll 1 %, 1aH1 K
153 EOS1% an ot e, 161 % )
1750 T 42900 %, 16 1% ]
a0 201, e 1611 %
e BEA ST %, 30.5 £1 %, 16t %
P e 51, 0% | o
P 6401, 375515, 1681% |
F10 ; Bl . A5.7 £1%., 6Ll % :
- TR 315:1%, G11% | B
2450 51.5=1% AAss 304l %, a5 1611% | PASE
00 PP ZHA £1%, R |
U 41.4 -1. ':ﬁ | 200 £ %, 3611 %
15000 17044 % 26.4+1%, 3611%
s 41 P 01 %, EG11 K
7 ¥ALIDATION MEASUREMENT

The ITEE S, 1528, ORT 65 Bulletin © and CEFIEC 62209 stndonds state thal the svstem
validation measurements must be pertormed vsing 2 reference dipole meeting the fore mentioned
seturn loss and mechanical dimension requirements, The validation measurement must be performed
apainst a liquid filled flar phantom, with the phantom constructed gz cutlined in the fore mentioned
standands, Por the standanls, the dipole shall be positiened beliwe the botiam of the phantom, with
the dipole length centered and parallel 1w the longest dimension of the al phantom, with he op
surface ol the dipole at the described distance from the bottom surface of the phantom.

.l

HEAD LIGUID MEASUREMEBEMN]

Fre:,:':leznw Relativa permittrvity (e} Conductivity (o) 5/m
required measured required medsured
4L Gla, 4 M UHE R
a0 EERRLE 87 Ml
-.u- A1615 % 08915 %
B3 SRR R S IIRE
a0p 41545 % D47 Ha %
Taaln qlLL +5 % 1.20 Hs ¥
] 14501 ald 1h 123 15 %
JRESIA} aniah% 13115%
1750 40115 % LIT15%
1800 A0.015 % LAD25 ¥
1500 40015 3% LADLE ¥
1850 40015 % LADIE %
2000 A0.0 15 3% LAD S ¥
e

Tz cenmend ghend nud b revabesd el (e S Gr e it e eeilien mepea o B4 TTE0
- e B A e W A . '
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Rel” ACI 240 F 1454700 4

SATIMO

2103 3LE=5S 14545 %

130 AT LET45%

2] T Pags 180455 455

a0 EER T ] 196 25 % |
3011 AT 240459

4500 1a-5% 281 455 |

12 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The TEEE Sud. 1528 and CEETEC 62209 standands state that the system ovalidaiion measurements
should produce the SAR wvalues shown below (Tor phantom thickness of 2 mm). wathin the
uncerluinly for the syatem validation. Al AR values are normalized 1o 1 W [orward power. Tn
hracker. the measured SA R is given with the used nput power.

sl ware CEMSAR Ve
Phantim EM2009 BAMTI
Prihe EWOIR | ERGIZY
| i|.|ui:f Head [.iquid Walues: s’ 390 sigrea s 1,77
[higtanee b=tween dipole center and liguid 100
Aran sean resslution dx=fmmdv=Rinim
Foon Sean Reaolurion du=Rinm:dv=8mde=5mm
Fresuetioy | 2450 MLz
Lt ey | 20 EBm
Liguid Temperature [ 2150
Lal: Temperataig 21
Lab Humidicy 15 %
IR e 1 5 SAR [W/kg/W] 10 g SAR (W/kg/W]
required mesured reduired measred
00 185 1494
450 458 1.06
ral n.ah Loals
B3E 4.56 2,22
00 10.9 | L] |
1450 2 16 '
1500 305 1G.E
1640 34.2 154
1750 364 123
1800 354 201
1000 0T 20,5
1850 A0S 208
2000 411 221
2100 A3.6 259
2300 AB.7 23]
0 B

QTR T

R e e g A T
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ligh AR 2406, 1+ 54TU 4

2450 52.4 53.50(5.35) FE| 237712 38
) 2600 553 246

3000 B38 5.7

3500 E7.1 iE

O =Ty

—_— e u 2 LIS } woM il
LiFm
73 BODY LIQUID MEASUREMENT
Fre:_:':zﬂw Kelativa permittavity {e’} Conductivwity (o) 5/m
feguiired mieasidred reqiiired mMmr\ed_
A0 FlE15% Q80 15 %
HH) GE2 15K nE2 15 % ]
450 LRTIEE 004 15 %
750 RRE15% 96 15 %
B3 GR35 AT 15N |
L) 55.015% L0515 %
L ] UL 100G 5%
L5t G40 15K 13015 %
L&1id FREL5 % Lapisx
180 53315% 15215%
R 53345 L5145% |
) BI45H 15145% |
210 53.245% LE245%
2450 SLT5 % naEs Loses% | pass
2HIK} 5IER5%H 21635% |
00 SZOH5 % 27345% |
350K} 51345% 13L45%
52 45010 % 5=10% |
53000 189 =10 % 5A42=10%
S wr-l0% | ssisw0%
Porgrat: B0
s e nd ahdd nur fe repeendoend dacey

e L e A RN i e
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SESEIDH

3300 436 £10°%
SHid 13510 % [ sr7e10%
R0 432 £10 % | Bmisi0x

:ﬁ'ﬂ.l"
[ Phantom
| I-'r\-:;l'-!-.-
1 |:;.||_-| u

ar rasnllion

.-".:;nl .."h..:lrl Wesslutinn
[ Freguency

InEuI E!::.l:r.r_
_Ii|:||_| '_||' ‘srprlne
LI:\ Tempertiuse
I_.ah Hnedily

¢ between dipole certer and liquid

T4 SARMEASUREMENT BESULT WITH BODY LICLIID

OMENEAR Vd

S 20008 SAMTI
W18 EPGI2E

Body Liquid Values: eps’ : 55.0 sigma @ | 93
1000 mim
du=Rimdy=8mm
du=Brundy=8n'dr=2mm
2450 Mz

20 dBin

2180

B

45 %

i 12 5AR (kg 101 AR (W /ig/w)
measured measured
245] 52,64 (5 27 21731237

dly
iy A T
T l\" - -
s ; \\ |
|
|
I !
I "‘-—__\_\_‘_\-
Was | e i
12 L L I L |-~ R .
2wl

e

i

AU TR, P TRATH TR L 0 T B S, TP L LT T T SR T ML TR R
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Rel: ACR 24006 14 5ATLLA,

SATIMO
5 LIST OF EQUIPMENT
Equipment Summary Shest
f | Mhait ey | T, .'.--. 3 C "E:t nll tion
%,,"*"" ot st 7 e NC LR, e S R ST bratio
eriptien i  Muodel g = = d:ulirg: :LIIE:!, Dm = B
I Walideted. Mo cal 'I.|'E|IIZ|E.1EI:| Mo cal
1 Sa1 WN-20003-
SAM Phaniom Satimo SN-20009-54M7T1 rv:]_'g-_lr_u_ﬂ equined. )
Nalidated. Mo cal Waldatad. Me  cal
COMOSAR Test Banch Warsion 3 . M, required vequired
Network Analyaer 0002 SIS aN100132 0202013 02/2016
Calipers Carrera CALIPER-OM 1202013 1212018
Refeerce Probe Satino EPG122 SN 1811 | 1012013 1002014
Mutt meter Keithlay 2000 1188E5G 12213 142016
Signal Ganarator | Agitert E44300C MY 49070581 12203 1272018
I T
" . |Cnaractenzed pnor to Characterzed PrKar G
s PARHEESE SN CaB !test. Mo cal required. (fest No cal required
Power Metar HF Ed4 184 U538261458 1202013 1252018
Fower Sensor HF ECF-E26A US3T1671460 1212013 122016
i S Al {Craractenzed prior to |Charactarizad priar to
Directional Sauplar Marda 4216-20 (1386 fest. Mo cal required |iest Mo cal required
Temparatura and !
i | - 2012
Mty Serior | Contral Compary 1-6E1-9 824 S2015
"wpel )y
Vg Ao aalt e o ropredeed, st ,I'm'.: ER T RIETIT P |'"|:" e pmern! ar S TILEL

—End of the Report———
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