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03/10/2015

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
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5.2 LINEARITY

Linearity

1.00-
0.75-
0.50-
0.25-
BN e s aaS LA o B R o e s e o
0.25-
.50~
0.75-

.00,
0 50 100 150 200 250 300 350 400 458

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 Certificate

o
#
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o
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..j'_ai"i-. SAR Reference Dipole Calibration Report
ol N
I.--E.i___l-:ﬁ
b
.. w:}ﬂ;!; Ret': ACR.240,1.14 SATU A
(.
E L
IE B
.y CCIC SOUTHERN ELECTRONIC PRODUCT
2 TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 09/13 DIPOGS35-217

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

Summory

This docamant prezerts the method and pesults feom an aceredined SAR referance dipole calibrasion
performed in SATIMO USA wsing the COMOSAR st bench, Al calibration resulis are maccablz

1o maebiumal metology 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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SATIMD SAR REFERENCE IHPOLE CALIBIRATION REPGRT Ref ACR 0L 125AT1 A

am LABD1H ®3.9 1%, 3.4 11 %

175 — ErRLT 3611 %,

400 ARG 1, sn0=1%, 16 1%,

The TR 45721 %, 161 %,

1150 7521m, 410=1m, 16tl% |

1800 | 720:1m 4L7=1%. 1.6 £1 %.
T ROl %, | sesam 3.5 21 %, )
T 66321, 3.5 =1%, 1551 %,

2300 | aagaim 37.5:1%. 16 £1 %,

2100 | arosm. EI=LH 1651 %.

2300 | sssaim 316=1%. 15£1 %,

2450 [ stsam 30421 %, 1.6 £1 %,
T 2 | apsa1m. ®L=LH | a5

auao | arsaim 50=1%, 15 £1%.

1500 [ z7e=1m AL, 15 £1 %.
[ i 34721 % 264z 1651 %,

T VALIDATION MEASUREMENT

The 1EEL Std. 1328, OET 63 Bulletin C and CELIEC 6220% standards swate thar the system
validation measurements must be performed vsing o reference dipele mecting the fore mentioned
return loss and mechanical dimension regquiremenis, The validatom 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 dipole shall be positioned below the bottom of the phanwom, with
the dipale length centered and parallel to the lengest dimension of the flat phamtom, with the top
aurface of the dipole at the deseribed distanes from the bortom surface of the phantonm,

7.1 HEAD LIQUID MEASTTREMENT

Freﬂ:':_e;n“ Relative permittivity 127 Conductivity [u] 5fm
requingd measurad required measured

0 45.5z5% OEFLT%
450 4315 5% DLE? £5 %
750 419 5% DEI LS %

&35 415 5% PASS 0.8 £5 % PASS
N1 41545 % De? £h %
1450 A05:=5% 123z5%
1500 40 25 % 1323 £5%
16440 -1:: 25 % 13ls5%
1750 401 =5 % 137£5%
i 1300 A00 =5 % 1435 %
lang ADC=5% 1AT=5%
1950 A00=5% 143 =5 %
-EIJDU A0 =5 % 143=5%

Poge. 777
i v TG st e FrpeTaane R o fadd A 0 e, oinienT i e el ar LA
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SATIMO

SAK KEFERENCE DIFOLE CALIRRATION REFOR]

Rl ACR20 T HL3ATILA

Zion JOE15% LAD15 %
100 iEIS.t-S'}'- o -l G.F-:lEn X
e 39215% LAnts %
ZE0D 39.015% LAG5 %
3oan JE515%h 24045k
3500 37015% 28115 %

7.2 SARMEASUREMENT BEESULT WIlH HEAD LIQL 1Y

The IBEE Std. 1328 and CELTEC 62209 standards state that the svsem validation measurements
should produce the SAR values shown beliew (for phantem thickness of 2 mmg, within the
uneertainty for the svatem validotion. ATl SAR wvalues ore normalived o | W foreard power, [n
hracker, the mensured SAR i= piven with the nsed inpur pooer.

[ Snftware

CHENSAR ¥4

[ Phantum B MR EAMT
Proe SMOLEST] EPGE22
Ligpuid Hengl Ligguid Volues; eps” ; 42,3 sigmu - 1L.02

Diistumey baivweern |:|i|'||_|||,~ cenler amd lil;lllil.l

15,10 mm

Are seon resolution

ks -Hrr-nl.'rll\ ~RBmrm

Locn Scan Resolition

de—Bmmedy-8mide -Smm

Fresuenyy 835 MH=
Inpul prvwer B E
L,i|_||_|'i;,1 'I'e-.rn'p-er.nlurn o 214
Lab Temperi 213
Lab Humedlily - 45 %5
Fm::;; | 1 g SAR (W /| 10 g SAR (W leg 1N}
required mieasured required measured
30 A e .04
LEL 454 ERE-
Tl BA7 333
75 055 0,77 {0 [ £.30(1.53|
wu 0.9 Rk
1254 Fa) 16
1506 dila L]
Tadl] 142 He
1750 1a.d 19.3
1800 134 0.1
latd 9.7 0.5
1950 4.5 0.9
2000 i1 P
2100 435 119
2300 4.7 3.3

Mo de

Tiew efcnonn! SRy Ry e reprnalioesr, PRLEEY 4 0 o am et nesthon e wealiee copein el S TG
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SID1800 Dipole Calibration Certificate

SATIMO

The microwave vision company

SAR Reference Dipole Calibration Report

Ref: ACR.240.3.14.SATU.A

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

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

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

FREQUENCY: 1800 MHZ
SERIAL NO.: SN 09/13 DIP1G800-216

Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144
S,
T T :
NS D
‘/"ﬂ'"t“\“\‘ Caligratign CERT 8224801
08/28/14

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.
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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 CEV/IEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to verify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type | COMOSAR 1800 MHz REFERENCE DIPOLE
| Manufacturer Satimo
Model SID1800
| Serial Number SN 09/13 DIP1G800-216
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 CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

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

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

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

measurements.
Scan Volume Expanded Uncertainty
lg 20.3 %
10 g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz
1820

1720 1740 1760 1780 1800 1840 1860 1880 1900

811, dB

Frt_zqqgnc_v (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

1800

-25.01

20

46.7 Q2+ 4.5 iQ

6.2

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

811, dB

Frequency, MHz

1720 1740 17&0

1780

1800 1820 1240 1360 18

20

1900

‘IL_
Frequency (MHz) Return Loss (dB) _Requirement (dB) Impedance
1800 -26.43 -20 458 Q+1.31Q
6.3 MECHANICAL DIMENSIONS
Frequency MHz . Lmm h mm d mm
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 %. 6.35 +1 %.
835 161.0 £1 %. 89.8 +1 %. 3.611%.

;'"u‘_ﬂn’.' 6/11

This document shall not be reproduced, except in full or in part, without the written approval of SATIMO

CCIC-SET/T-1 (00)

Page 84 of 115




CIiC
\—/ Report No. SET2016-11965
SATIMO SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.240.3.14.SATU.A
900 149.0 +1 %. 83.3 +1%. 3.6 1 %.
1450 89.1+1%. 51.7 +1 %. 3.6 1 %.
1500 80.5 +1 %. 50.0 +1 %. 3.6 41 %.
1640 79.0 £1 %. 45.7 +1 %. 3.641%.
1750 75.2 41 %, 42.9 +1 %. 3.641%.
1800 72.0 £1 %. PASS 41.7 £1 %, PASS 3.6+1%. PASS
1900 68.0 +1 %, 39,5 +1 %. 3.6 41 %.
1950 66.3 +1 %. 38.5+1 %. 3.6 #1 %,
2000 64.5 +1 %, 37511 %. 3.6+1%.
2100 61.0 +1 %. 35.7 £1 %. 3.611%.
2300 55.5 +1 %. 32.6 +1 %. 3.6 41 %.
2450 51.5 +1 %. 30.4 +1 %. 3.6+1%.
2600 48.5 +1 %. 28.8 +1%. 3.6 41 %.
3000 41.5+1 %. 25.0 +1 %. 3.6 £1%.
3500 37.0+1 %. 26.4 +1 %. 3.6 41 %.
3700 34,741 %. 26.4 +1 %. 3.6+1%.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CEIVIEC 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:d:eznw Relative permittivity (g,") Conductivity (o) S/m
required measured required measured
300 453 5% 0.8715%
450 43.5 5% 0.87 +5%
750 41915 % 0.89 £5 %
835 41.545% 0.90 5 %
900 415+5% 097 £5%
1450 40.5+5% 12045 %
1500 404 £5% 1231+5%
1640 40.2+5% 13115%
1750 40.15% 13745%
1800 40.0+5 % PASS 14015 % PASS
1900 40.0 5 % 14045 %
1950 40.0 5 % 14045 %
2000 40.0 £5 % 1.40 5%
Page: 7/11
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2100 39.845% 1.49 +5 %
2300 39.545% 1.6745%
2450 39.245% 1.80 5 %
2600 39.045% 1.96 5 %
3000 38.545 % 2.40 5%
3500 37.945% 29145%

7.2 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’ : 41.3 sigma : 1.38
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8m/dz=5mm
Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 21.°9¢
Lab Temperature 21°C
Lab Humidity 45 %
Fre:ﬂ':fz"q' 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
750 8.49 5.55
835 9.56 6.22
900 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 19.3
1800 38.4 38.67 (3.87) 20.1 20.30 (2.03)
1900 39.7 20.5
1950 40.5 20.9
2000 41.1 211
2100 436 219
2300 48.7 233
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2450 52.4 24
2600_ _5;3 24.6
_3000 63.8 = 25.7
3500 67.1 25

| “N 3
| o ,—;Ib
- s J
s s : \\\‘
| Cres | 1 ;:- . . . \t‘\-.. =S ,
o 2 EH1DIJ:I;|”I|:1FE.‘I3:243629£
7.3 BODY LIQUID MEASUREMENT
Fre:ﬂuHezncy Relative permittivity (g,’) Conductivity (o) S/m |‘
required measured required measured
150 61.9 45 % 0.80 +5 %
300 58.2 +5 % 0.92 5% _
450 56.745% 0.94 5%
750 55.5 15 % 0.96 +5 %
835 55.2 +5 % o 0.97 5 % ]
900 55.0 £5 % 1.05 +5 %
915 55.0 5 %  1.0645%
1450 54,045 % 1.3015%
1610 53.845% 1.40 £5 %
1800 53.345% PASS 1.52 £5 % PASS
1900 53.3 5% 1.52 5 %
2000 53.3 5% 1.52 +5 %
2100 53.2 5% 1.62 +5%
2450 52.7 5% 1.95 45 %
2600 52.5 +5 % | 21645%
3000 52.045 % 27315 % ]
3500 51.3 5% 33145%
5200 49.0410% 5.30 £10 % B
5300 48.9 +10 % 5.42+10 %
5400 48.7+10% 5.53+10 %

™
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5500 48.6 +10 % 5.65 +10 %
5600 48.5 +10 % 5.77 +10 %
| 5800 48.2+10% 6.00 +10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

[ Software OPENSAR V4 o
| Phantom SN 20/09 SAM71
Probe B SN 18/11 EPG122 i
Liquid Body Liquid Values: eps’ : 53.3 sigma : 1.51

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution
Frequency

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

1800 MHz

Input power B N 20 dBm

Liquid Temperature 21 7€

Lab Temperature 21°C -
Lab Humidity 45 %

1 g SAR (W/kg/W)

10 g SAR (W/kg/W)

[ Frequency

I MHz -

| measured measured

‘ 1800 40.07 (4.01) 21.27 (2.13)

B T

Gl s ey

T 2 ‘
| i
|
|
649~
800 !\P__.__
s
| 5
| = S,
| .;uI‘- 0 |
| % 300
&
| 2 00~}
| -
0.65-, - ) |
4 6 8 10121416 1820 2 422820
Z [mm) ‘
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Eoipmnt | Nantar ot | et oo
SAM Phantom Satimo SN-20/09-SAM71 :’eﬂ:ﬁfégd No cal :;E:"'L‘:fézd No cal
COMOSAR Test Bench|  Version 3 NA :;ﬂﬂfégd Nocal ?L?,'E’.?éid No cal
Network Analyzer | \od€ % Schwarz SN100132 0212013 0212016
cilggs | Carrera CALIPER-01 1212013 12/2016
Reference Probe Satimo EPG122 SN 18/11 10/2013 10/2014
Multimeter Keithley 2000 1188656 1212013 122016
Signal Generator | Agilent E4438C MY49070581 12/2013 12/2016
ampiter | petvarcomm | sodp | Cherectrized prir o Characered rr o
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 ig?raﬁgeg?:’ez[jﬁ;? ?egiraﬁgeggffeg[jﬁ;g
Li“%ﬁ;r;“g:nzgf Control Company 11-661-9 8/2012 8/2015
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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
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1 INTROUCTION

This doeument contwns o summary ol the regquirements sel forih by the TEEE 1328, OET 95 Bulletin
Cand CEIEC 62209 standards for reference dipoles used for SAR measurement svslern validations
and the messurements that were performed to werify that the product complies with the fore

mantionizd standsirds,

2 DEVICE UNDER TEST

Device Under Test

Device Type [ COMOSAR 1900 MHz REFERENCE DIFOLE

Manufacturar Satimo =
Maclel IBLRIED

Serinl Mumber | ST DRGS0 8

Product Condition (new ¢ used) Lized ]

Acyearly calibration interval is recommended.

3 PRODLCT DESCRIFTION

3l GEWERAL INFORMATION

Hatimo’s COMORAR Validatien Dipules are buill in secondance (o the TEEE 1328, QET 65 Bulletin
Coand CELIEC 62209 standards. The product is designed for use with the COMOSAR west bench
anly,

Figun:-ll — Sertimn COIMEISAR F'r.r.i':'.;l'.'.lrr'ui;l.f},r"m:-f.s

= i x

Home: 4751

The gzt sl pod pe repreanced, exest ol ol o e pan, soninnd e wrren apmegeal 205
" ! Sy ’
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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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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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][] 149,71 41 5. T EEEE RS SEH .
A 1%, PR ADE
1400 RlLE il %. S0.011 % 1E=1%. |
1610 ALl misle | 1621%
100 TRIZ1I® g1 B 1% Aa=1%.
e 7.0=1% 7=l e
i FAO=1% ERGE 0.5 =1 %, [ TE+ H. Fakz:
2951 Laizl®s 15511 5, L1l %

T aom 1 5= %, WTEH R TEHL K,
3 b R1.111 % 25711 I ENCE I T
it i LR - ] I2EEL % d.E1l %
Zaui | 1541 % _?.'l.l'l 5. AEFLEL
#E00 P meew | 26215
éﬂl.'l.'l 41,5415 R0+ IG6=1%

| IR0 EXE=n N e 8- B - A6=1% -
P 0.I=1% TETE 16:1% |

7 VALIDATION MEASLREMENT

Tae ILLLE St 1528, OF1 63 Bulletin C and CEFIBEC 62209 slumlands state that e system
walidation measurcments must be performed using a reference dipole meeting the fore menticned
rerurm loss and mechaiica’ dimension requirements, The va'idation messurement must be performed
againsd @ liguid filled fal phantom, with the phanrem constrocled as cotlined in the tore mentioned
aandards. Per the slandacds, the dipale shall be positivned below the botom of the phantom. with
the dipole length centered and paralle] to 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

“:1""':""" Rkt prerimittivity [5,") Conductiviy [a} 5/m
. Feiuirad migasured reguired reasared

30 [ anaemw 0BT +55%

L8R 2340 1h % B 4?15 %

b A1 5 % QRS 5 %

035 4lEis % D005 % |

H0 L5585 % LEMZ % N

1450 ME==% 130 =5%
e 04 5% 135hn |

540 N3 =5 % 131 +5 % [ B
[ 1= 0115 % 137 1%

1800 0245 % BT rL

1300 40010 % FARS 14015h % 33

pEHTE] _-"J.l} Y 140 £5 %

ki ] amn 1'4'&_ 14045 %
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#1405 _.:\-:I.H 5 % 1A% 15 %
30 12525 % i LET=3 5
A0 S48 | LED=%
ZhlIE 4.0 l'J-;I 150 =%
30 G 45 5 =% ||
ER0O0 ArEInk 251=%

i}

SAR MEASUREMEST RESULT WITILHEAD LIOUIT

Mhee TEEE S0l 1528 and CLETLC 6220% sandacds stare tar the system validation measueements
should prosloce the SAR valies shown helow [for phantom thickness of 1 mm), within the
miccrtainey for the syvstem validabion. ALl AR values are pemnalieed o | W forwaed power, I
bruckel. the mensured SAR s aiven with the used input poaer.

Sarllwans
Plaritsis
'rabe

Liguid

CPFASAR V4
Sh B0 SARTT
ShIR]

ERG12S

[Taad Tiguid Wal

pes eps’ 31,1 sipma s 1 42

| [ 2Lt bt it digele ceer and Tiguid
Al i e ution
Fiova iy Resalurion

de=®rrd=Hmm

de=Ermrrde=Hmd =5

Freonerecy

1505 I

I

It pawer

21 ilfim

215

Liquid Tenpesmine

214

15 %

F”r':;'::""‘ 1234 [k ) | 10508 Wkgiw)
required messred | reguired messured
30 285 [ Lad
LS50 4.58 3.0&
Tl 445 244
RIS A.5F 527
HC0 pER] L.4S
1450 m 1€
i 15CC 3.5 lb.#
1640 34, 1.4
1750 2.4 193
10 38.4 .
o C1 137145030 Ak .iII.-:I
1550 A 205
2000 il 2|
a1 I 436 42
da00 ad.¢ 211
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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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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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SID2600 Dipole Calibration Certificate

SATIVIO

SAR Reference Dipole Calibration Report

Ref: ACR.224.1.14.SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD
ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN
SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 32/14 DIP2G600-338

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

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench. All calibration results are traceable
to national metrology institutions.
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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
I S |
Device Under Test |
 Device Type COMOSAR 2600 MHz REFERENCE DIPOLE |
Manufacturer | Satimo |
Model [ SID2600
| Serial Number | SN 32/14 DIP2G600-338
| Product Condition (new /used) | New )

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 CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

=, T

Figure 1 — Satimo COMOSAR Validation Dipole

Ph‘_L"t" 4/11

This document shall not be reproduced, except in full or in part, without the written approval of SATIMO.
The information contained herein is to be used only for the purpose for which it is submitted and is not to
be released in whole or part withour written approval af SATIMO

CCIC-SET/T-1 (00) Page 104 of 115




(=)
\—/ Report No. SET2016-11965

I SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.224.1L.14.SATUA
SATIMO

4 MEASUREMENT METHOD
The IEEE 1528. OET 65 Bulletin C and CEVIEC 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 constructed as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

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 EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements.

Scan Volume Expanded Uncertainty
lg 20.3 %
10g 20.1 %
Page: 5/11
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6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Frequency, MHz |
2500 2520 2540 2560 D 2600 2620 2640 2660 2680 2700
04 f h | h | |
5_
10
15
m ;D
-
- 25
? 30
35-
40
45-
-50- -
| Frequency (MHz) | Return Loss (dB) |  Requirement (dB) Impedance |
2600 -31.53 -20 51.30-23jQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency. MHz
2500 2520 2540 2560 2580 2600 2620 2640 2660 2680 2700
0 1 [ 1
@
o
2
7]
25_
— "G' -
I Frequency (MHz) | Return Loss (dB) |  Requirement (dB) Impedance
| 2600 -24.53 -20 | 45.00+3.2jQ
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm d mm
required measured required measured required measured |
300 420.0 £1 % | 250.0 £1 % 6.35£1% l
450 290.0+1% 166.7 +1 %. 6.35+1 %
750 ! 176.0 1 % 100.0 £1 % 6.35+1%
[ 835 161.0£1 % 89.8+1% 3.6 £1 %. |
P(i_ﬂ,’(‘ 6/l
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900 149.0 +1 %. [ 833:1%. 5 3641 %
1450 89.1 +1 %. - 51.7 +1 %. 3.6 +1 %,
1500 805 +1%. 50.0 1 %. 3.6 +1 %
1640 79.0 1 %. 45.7 £1 %. 3.6 +1 %,
1750 75.2 +1 %. 42.9 1%, 3.6 +1 %.
1800 72041 % 417 £1%. 3.6 1%,
1900 68.0 +1 %. - 39.5 £1 %. 3.6 1 %.
1950 66341 %, 38.5 £1 %. 3.6 1 %.
2000 64.5 +1 %. 37.5 £1%. 3.6 1 %.
2100 61041 % 35.7 41 %. 3641%.
2300 55.541%. 32.6 +1 %. 3.6 +1 %,
2450 51.5+1%. 30.4 +1 %. 3.6 £1 %.
2600 485 £1 %. PASS 28.8 +1 %. PASS 3.641%. PASS
3000 41.5+1%, 25.0 +1 %. o 3.6 +1 %.

i 3500 37.0+1 %. - 26.4 1 %. 3.6 £1 %.

¥ 3700 34.7+1 %. 26.4 £1 %. 3.6 £1 %.

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
Ffe::.:::w Relative permittivity (g,’) Conductivity (o) S/m

required measured required measured

300 45315% 0.B7 +5%

450 43545% 0.87 +5 %

750 419+5% 0.89+5%

835 4155 % 0.90 5 %

900 41515 % 0.97 £5%

1450 40.5 £5 % 1.2045%

1500 40.4 5% 1.23+5%
1640 40.2 5 % 131+#5% o

1750 40.1 £5 % 13715%

1800 40.0 £5 % 1.40 #5 %

1900 40.0 £5 % 1.40 5%

I 1950 40.0 15 % 1.40 15 %

2000 400 £5% 140 5%
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2100 39.845% 1.49 #5 %
2300 39.545% 1.67 5%
2450 39.245% 1.80 +5 %
2600 39.0 45 % PASS 1.96 35 % PASS
3000 38.545% 2.40 #5 %
3500 37.945% 29145%
7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

uncertainty for the system validation.
bracket, the measured SAR is given with the used input power.

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
All SAR values are normalized to 1 W forward power. In

_Software OPENSAR V4
Phantom S SN 20/09 SAM71 P
Probe SN I8/11 EPG122
Ligquid Head Liquid Values: eps” : 39.0 sigma : 1.95
Distance between dipole center and liguid 10.0 mm -
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8m/dz=5mm
Frequency _ | 2600 MHz e —
Input power 20 dBm
Liquid Temperature 2120 =, 1
Lab Temperature 21 °C
_Lab Humidity 45 %
F'e:ﬂ‘:"':“' 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4,58 3.06
750 8.49 5.55
835 9.56 6.22
900 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 184
1750 364 19.3
1800 384 201
1900 39.7 20.5
1950 40.5 209
2000 41.1 211
2100 43.6 219
2300 48.7 233
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2450 524 | 24 |
2600 55.3 [ 56 19 (5.62) 24.6 24.07 (2.41)
| : ] !
3000 63.8 25.7
3500 67.1 | 25
\ I
b LT
N [l It
JImi
[ L
] 1
B \\! |
\ | |
- | | " |
| ol |
| | """‘-L-..-_.-._
o 4 "6 T .. 2 M N

7.3 BODY LIQUID MEASUREMENT

Fre:ﬂ:esncv Relative permittivity (,’) Conductivity (o) S/m ‘

| required measured . required measured ‘

150 61.9+5% 0.8045% | |

300 58245% 09245% | |

B 450 56.7 +5 % 0.94 5% |

750 55525% | 0.96 45 % |

835 55245% | 0.97 +5 % |
900 -ss.i} 5% | 1.05 45 %

915 55.0 45 % | 2esmm. |0
1450 54.045% 1.30 5 %
1610 53845% | ek
1800 53345% . 1.52 +5%
1900 53345% 15245 %
2000 53.3 5% 15245 %
2100 T s3z215% 1.62 45 %
_245(} 52.7 #5 % | 1es15%

2600 52515% PASS 2.16 45 % PASS

3000 52.045% 27385% |
3500 | 513#5% = 3.3125%
5200 | a9.0210% 53010 %
5300 48.9 £10% 5.42 +10 %
5400 48.7 +10 % | ss3:i0%
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SATIMOD
5500 48.6 +10 % |
5600 48.5 +10 % 1
5800 48.2+10% |

74 SAR MEASUREMENT RESULT W

| Software
| Phantom
| Probe

1quid

[ Distance between dipole center and liguid

Area scan resolution

5.65+10 %

577 £10%
6.00 £10 %

ITH BODY LIQ

OPENSAR V4
SN 20/09 SAMT71

U

W

soeps” @ 52.4 sigma :

10.0 mm

dx=8mm/dy=8mm

7 7

Zoon Scan Resolution . dx=8mm/dy Sm/dz=5mm
Frequency 2600 MHz o e
Input power 20 dBm
Liquid Temperature_ [21°C
Lab Temperature | 21
Lab Humidity . [ 45 %
Frequenc '
:”” v J 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
| measured measured
2600 l 57.55 (5.76) 24.86 (2.49)

. & 8 101
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i

SATIMO

Rel: ACR.224.1.14.8ATULA

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
; Validated. No cal Validated No cal
SAM Phantom ‘ Satimo SN-20/09-SAMT71 fequired. Lequied,
| Validated. No cal MValidated. No cal
COMOSAR Test Bench_l Version 3 hiA  Fequired. _'required.
Network Analyzer ‘ Rhc'dez&vi‘:hwarz SN100132 02/2013 | 02/2016
Calipers Carrera CALIPER-01 12/2013 12/2016
: Characterized prior to |Characterized prior to
Reference Probe Satimo EPG122 SN 18/11 test. No cal required. |test. No cal required.
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator ‘ Agilent E4438C MY49070581 12/2013 12/2016
e . Characterized prior to |Characterized prior to
Amplifier | Aethercomm EPLUG test. No _t:_fa_]__fgg_gi_rp_q_ test. No cal required.
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
T ) .Characlerized prior to |Characterized prior to
Directional Coupler 3 ki i test. No cal required. [test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-9 8/2012 8/2015
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<Justification of the extended calibration>

Referring to KDB 865664 D01v01r04, if dipoles are verified in return loss(<-20dB, within 20% of
prior calibration),and in impedance (within 5 ohm of prior calibration), the annual calibration is not
necessary and the calibration interval can be extended.

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

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

<Dipole Verification Data>

Body 835MHz
A
Tred dBMag 10dB/ RefOdE  Cal Trcl Smith Ref1l Cal 1
s11 an E 1
- t——
=1 //’as i
7 \—
— ¢ Foin Y
:J,/ N A h
S
10 - / I .
fr’ I,." f/
f | f
.20 |' | !
i loz |os |
|| | T 1
r | 1 l'.
I| \
13 y P
\\ “. \.\ ‘/
'\.\ . b4
\ 4 M o
L e PR T -
W ~/ o
. i T / o
L 08 / i
e —~
E I o
=7 — -1 R
Chi Start 735 MHz Pwr 0dBm Stop 935 MHz

Ch1 Start 735 MHz Fr 0 dBm Stop 935 MHz

1172003, 5:28 AM

112003, 5:30 AM
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Body 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -26.43 - 45.80 -
2015.08.26 -26.50 -1.60 45.60 -0.2

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

<Dipole Verification Data>

Body 1800MHz
_’!-'f;\ ¥
” Trel Smith Ref1l  Cal 1
Tred dE Mag 10dBS RefOdE  Cal i St & Cal =
s11 i - ;
s1 . |
= ~0
7N
0 / 7%
/ / %
."I JJr
= / /
i
i i
- ) |'
o |02
| |
L '|| 1, 1
| \ \
| 5
40— \ LY \
4
A h -
2 % \\ e
N\ NI
AN
L \\. 08
¥ o
™ I
-70= o "
Ch1  Start 1.7 GHz Pwr 0 dBm Stop 1.8GHz

Ch1  Start 1.7 GHz FPwr 0 dBm Stop 19GHz

12003, 1:45 AM

112003, 1:45 AWM
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Body 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.36 - 51.70 -
2015.08.26 -26.94 10.15 51.18 -0.52

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

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

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

1172003, 1:53 AM
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Body 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -24.53 - 45.00 -
2015.08.26 -24.76 -5.16 46.23 1.23

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

<Dipole Verification Data>

Body 2600MHz
> b
kg Trcd Seith  Ref1U  Cal 1
Tret dE Mag 10dE/ Ref0dB  Cal 1
51
M
e
10
-30
--a0
-50
-BD
=70
Ch1  Start 25GHz Pwr (O dBm Stop 27 GHz
Chi  Start 25GHz Pwr 0 dBm Stop 27 GHz Ll
112003, 1:13 AW

End of the Report
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