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I INTRODUCTION

This document contuins a summary ol the reguirements set forth hy the TEEF 1328, OET 65 Bulletin
(C and CENIEC 62209 standards for reference dipoles used for SAR measurement syster validations
and the measurements that were oerformed to wverify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturar Satimo =
Madel SINON

Serial Numbser | SN D913 DIP1GO00-218

Product Condition (new ¢/ used) Used ]

A yearly calibration interval is recommended.

3 PRODLCT DESCRIPTION

31 GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are buill in uceorlance (o the TEEE 1528, OET 65 Bulletin
C and CELIEC 62209 standards. The produet is designed for use with the COMOSAR 1est bench
only,

] .. g“-“,. ")'_\'g :ﬁ u
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Figure 1 - Saiimo COMOSAR Validaion Dipole

Page: 4771

Thes afasmemene siall v 68 popreaiced, excen i el ar o mant, senioud dhe wrren asmaaal af NV

CCIC-SET/T-I (00) Page 100 of 118




)

Report No. SET2015-10511

3

SAR REFERENCE DIPOLF CALIBRATION REPORT Rel: ACR 2411 4 12 SATL A

SATIMO

4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Buleun € und CLIIEC 62200 sturdards provide requirements tor
reference dipoles used for system validation measurements,  The [Cllowing measurements were
performed to verify that the product complies with the fore menrioned standards.

4.1 RETURN LOSS REQUIRCMENTS

The dipole used for SAR svstem validatior measurenents and checks must have o return loss of -20
dB ar hetter. The retum loss measurement sha'l be pecformed against a liquid filled fat plantom,
with the phantom constucted s vutlined in the fore mentioned stardards.

4.2 MECHANICAL REQUIREMENTS

The IEEE Swd, 1328 and CELIEC 62209 standards specily the mechanical components and
dimensions of the velidation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipeles sod for use with tie COMOSAR tesr beneh comply with the requiraments set forth for a 2

tun phantom shell tiickness.

S MEASUREMENT LNCERTAINTY

All uncertainics listed below represent gn expandad uncemainty expressed ar approxiniately the 95%
confidence level using a covernge [aclor of k 2. traceable w the [ntemationally Accepted Guides to
Measuremant Uncertainry.

5.1 RLTURN LOSS

[ullowing uneerluinties apply e the return loss measurement:
The ollowing uncerluinties apply te the return loss measurement

Frequency band Expuanded Uncertainty on Return Loss
400-6000MEH. I 0.1 diy

52 DIMENSION MCASURCMENT

The following uncerlainties apply to the dimension measurements:

| Length (mm) Expanded Uncertainty on Length

| 1-300 .05 mm

521 VALIDATION MEASUREMENT
The guidelines outlined in the IECE 1528, OET 65 Bulletin C. CENELEC ENSG361 and CELTEC

6220 standards were followed wo gencrate the measurement  uncertainty  for  validation
teasurenents,

Scan Yolume Expanded Uncertainty
g n3 9%
Ing 26.1%
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6 CALIBRATION MEASUREMENT RESULTS
6.0 RETURN LOSS AND IMPEDANCE [N [ICAD LIQUID
|
; &0 60 15680 2000 i
= |
1 '
0 |
-4 —— __1
Fregquency (Mllz) Return Loss {dB) Requirement (dB) | Impedance
190) -23.44 20 5540 5§20
.2 RETURN T OSS AND IMPEDANCLE [N BODY LIQULL
Frequancy, M2
10 000 180 DR TE0 WD 1920 IS0 W60 1980 2000
o " \ : i

Frequency (Mlle)

Return Loss (dB)

Requirement (dB)

Impedance

1904 -27.36 =20 SIT0 440
3 MECHANICAL DIMENSIONS
Frequency Mz Lmm hmm dmm
required measared requirad Measurad required measured
300 Qd0d 1 %, 250041 ¥ D501l %
451 2900 =1% R OVES % LELEIR
4 160 1%, 000=1 ¥ Go511 %
335 | 1eLuzls e K1 15=1%
Poge: 6704

Wity e

ar g
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a0 l W | 364 %
1456 391 41 % IBE%.
18L0 505 41 %, 500117 16-1% 4
1640 18015 wI% | 16-1%
; 752.1% a2 1% 16=1%
22.0=1% L7=l% 1571% i
") £8.0-1% 19515 pass 35+1%,  PASS
95 ’ . 36 11%,
T zow 3E4L%
210t YT |
7300 SLL%
a0 16+ .
2600 T 2621%
3c0o 16-1%
3500 16-1%
3700 b- 15218 |

7 VALIDATION MEASUREMENT

e ILLL Std, 1528, OF1 63 Bulletin € and CEFIEC 62209 stundurds state that the system
yalidation measurcments must be performed using a reference dipole meeting the fore menticned
rerurn loss and mechanica’ dimension requiremnents, The va idation measurement must be performed
against @ liquid filled fat phantom, with the phantem constructed as cutlined in the fore mentioned
standards. Per the standards, the dipole shall be positivued below the bottom of the phantum, with
the dipole lenath centercd and parallel to the Jongest dimension of the [Tat phantom, with the top
surface of the dipele at the describad distance from the bottom surface of the phantam.

L1 HEAD LIQUIND MEASUREMENT

"‘::7:” Ibelative permittivity (5,') Conductivity 1} S/m
7 requirad measured recuired meagared
300 | 4535w 0.87 45 % g
450 23Llva v-v(l.H? 5%
V-":IZ 419 25;4 QB 2L %
035 AL5i5'% JU90£ X
[ HI0 Q55 % LIS :
WS 170=-5%
WA= % 12305
2540 anz=5% 131 °‘-7"- ' =)
.—71?‘-3 | q01:0% 1‘3;‘ 1%
1500 40045 % l LAD*5 %
1900 -'JJZ 15% PASS 14015 % FASS
1450 RO % 11025 %
2000 AI‘.'.ULL';— LIC N RS

PRI ol b vy
YL YR

SN IR ety

(adl
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el ACR2H0 S 1953 ]L.4

2100 39.845% I 1A% 45 %
2300 18515 % l LET=5 %
2450 3.2 ‘R';‘." 5 | 1.80==2%
24l 901 % | 18=%
300¢ IBEALK JAD=E K |
3500 EY A3 LY 2851=%

7.2 SAR MEASURLEMENT RESULT WITILHEAD LIQUID

The IEEE Sul. 1528 and CLEIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown helow (for phantom thickness of 2 mm), within the
uncertainty for the svstem validation. ALl SAR values are nomalized o | W forvard power, In
bruckel. the measured SAR is given with the used input power.

Sallwans
Pluctor
Prabe

Liquid

SN 18

OPFNSAR Vi
SN 2009 SANTT
PG122

[lead 1igquid Values: ens” : 41,1 signa: 1,42

Dlstans betwera dipole ceater ond Tiquid

Ares stan (s ution
Zoon Scan Resalution
Freauercy

Input poswer

12,0 mm

dx=Emrdy

~§mnm

dy-mrvdy-Rontce=Snr

1400 NI -

20 di3m

Ligquid Temperoare 21 °(;
Lob Temperarire 21-C
I nh Humi: 15 %
b e 12 $AR [W/kgAY) 10 ¢ SAR (W/ig/W)
required [ megsared | required measured
360 285 [ s |
| s 450 ‘ 3.6 '
5l H48 R
815 56 527
9L0 1. .95
145¢ 28 16
K 15CC 30.5 1e.2
1640 342 134
1750 b4 18.2
18CC 364 20,
I 1o M 2047 1£.04) {8 20E2 (2.06)
1550 a0 2.9
2000 a1 220
210 43 _:._T
20 ad.! 231

R )

wad s a1
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e BT

1510 A

250 524 k2|
1900 533 221
1000 638 25,7
KE] 651 75

73 BODY LIQUID MEASUREMENT

Fre:::;ncy Relative permittivity (5, Conductivity {a) S/m
required [ measured required measurad
150 51.5 25 % OHD L5 %
‘ 300 SRS X 007 +6
450 50,445 % 089315 %
a0 55545 % 0.96 15 %
83s :5245% 007455
Q00 350125% L 15 %
915 55.045% 1,06 +5 %
1450 54025% 13215 %
61D LES RS 4 14045 %
1800 533250% 15215% |
19200 533=3% PASS 13225%
20600 5335% 13245%
2100 5325%
24510 SL7IS%
2600 5L55%
SU0U 520-5%
3300 LLILE% 231-5%
3200 £I0+0% 520:10%
fﬁ,‘u)[l 295 110% 5472 +10%
5400 4010 552110%
Puge. 9441
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S300 aA=10%
S6N0 BLl S 3 H0%
3800 ARZ LR RID LD

74 SAR MEASLREMEUNT RESULT WITH BODY LIQUIL
[ OPENSAR VA

Sntbware

Prranton SN 208 SAMT
Irabe : SN & EIR

|igquid _
1 istance besween dinele water and liquid

Anc sea resalusion

Zooa Scan Reselution |
Lrequency 1910 MH 2
Jngut povwer 20 LHin ]
T&imi Temaeral are ' a
" Lab Temperuun
Lab Humidio ==

i o 1 £ SAR (W/ig/w) 108 SAR (W/A/W)
V7
measured measured

1500 4081 |4 08)

P22

A ee v A,

o debi Liwa

r:
z . | .
0
k.
*m
b |
" T
L ‘ L I A L) iz X x
T Rl b o
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8 LIST OF EQUIPMENT

S&M Phantom

Equipmeant Summary Sheet

SN-2000E-SAMT

Vaidated. No cal
requirad.

Validated.
equired

Hurmidily Sensor

\'aidate -
CCMOSAR Test Bench Versior 3 NA VRN N [ridated. ~No:-ca)
required required.
& < 'ary ¥ 0
Network Analyzer | “100° 2SR | snqgnta 2202013 0212016
Calipers Camara CALIPER-01 1272013 1272016
Reterznce Probe Satimo FPG12Z SN 1811 02013 1072014
Multimeter Keithley 2000 1188656 122013 1212016
Signal GGeneraor Agllent E44380 MY LE0705H7 12203 12:2016
= ) - Characlerizad orior to Characterized pricr to
Al < 3
Ampiifier Aetherccmm SN 048 test No calrequ red. fest No cal requined
Poveer Mater HP E4418A US2a251498 1202013 12/2016
Powe Sensor HP ECP-F28A US371581460 122013 1202016
s p ; o Characterized prior to Cnaractenzedfnar 1a
Directions! Coupler Narda 4216-20 01385 1es1 No 2l required. [tost, No cal required
Temperature and Contral Coempany 11 661 ¢ B2C12 8201E

Dhos weavimeny o

e ey o 840

M0,

s o s oo wad o oas v
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’l_;ﬁ.:’ul "m \B
o B SATIMO
aﬁ:ﬂg . 'aw «Au The reirowane Asion comgeny

SAR Reference Dipole Calibration Report

Ref: ACR.240.6.14.SATU.A

I“ TESTING (SHENZHEN) CO., LTD
I § § | ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
;ﬂs?;’.ﬁ TOWN
KR SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 2450 MUIIZ
SERIAL NO.: SN 09/13 DIP2G450-220

-
(2

Calibrated at SATIMO LS
2105 Barrctt Park Dr. - Kennesaw, GA 30144

,m
|
|

W

e

A1 %4
A
0
0

e
Ll

N ‘.‘.‘& I 8_:‘ ‘S'lm!n,{‘!:},l.
& ”‘ a ] Phis docament presents tre method and results from an aceredited SAR reference dipole calibrition
. vi 5 ',S performed in SATIMO USA uvsing the COMOSAR rest beneh.  All calibration results are waceable
4 B ‘,ﬁ L’sﬂ > 1 nahomal metrol ey shitulions
e
bt § A
S i
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Name

Prepared by Jérome LUC

Approved by

Jéréme LUIC

Checked by

Function

Praduct Manuger

Date
&29:2014

Sivmature

Product Muanager

8292014

Kim RUTKOWSK

Distribution

Iasue Date

Quabitv Manager

Customer Name
CCIC SOUTHERN
ELECTRONIC
PRODUCT
TESTING
(SIHENZIIEN) Co.,
Ltd

Modifications

8292014

A 8:29:2014

Initial release
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| INTRODUCTION
This document contains a summary of the requirements set forth by the [EEE 1328, OE T 65 Bulletin
C and CEFIEC 6220% standards for reference dipoles used for SAR measurement system validations

and the measurements that were performed w vesily that the product complies with the fore

menlioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 2450 MI12 REFFRENCE DIPOLT

Manutacturer | Satimo
Model ‘ SI1D2450)
Serial Numbher [ SN 0913 DIP2G230-220

Product Condition (new / used) | Used -

A yearly calibration interval is recommendad.

3 PRODUCT DESCRIPTION

31 GENCRATL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OE'T 65 Bulletin
C and CEVIEC 62209 standards. The produet is designed for use with the COMOSAR test bench
only,

| i
a g ﬁ i i '— “

i a | B [~ a
Figare | - Satimo COMOSAR Validation Dipnle

i

Peagra: 47404
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4 MEASURFEMENT METHOD

The IEEE 1528, QET 63 Bulletin C and CEITEC 62209 slandards provide requirements for
reference dipoles used for system validation measurements.  The following measuremenls were
performed to verify that the product complies with the [ore 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 fAlled flat phantom,
with the phantom constucted vs outlined in the fore mentivned standunds.,

4.2 MECHANICAL REQUIREMENTS

The IEEE Sul 1328 and CELIEC 62209 standards specify the mechanical components and
dimensions ol the validation dipoles, wita the dimensions frequency and phantom shacll thickness
dependent. The COMOSAR test beneh employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test hench comply with the requirements set lorth for a 2
mm phantom shell thickness.

3 MEASUREMENT UNCERTAINTY

Al uncertainties listed below represent an expanded unceraingy expressed at approximately the 95%
confidence level using a coverage factor ol'k 2. traceable 1o the Internationally Accepted Guides 1o
Mensuremen! Uncertainty,

S.1 RETURN LOSS

The following uncertainties apply o the return loss measurement:

Frequeney band Fxpanded Uncertainty on Return Loss

400-6000M 117 L1 dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply w e dimension messwements.

| Length (mm) Expanded Uncertainty on Length

3-300 (.05 mm

53 VALIDATION MEASUREMENT

‘The guidelines outlined in the IEEE 1528, OET 65 Bulletin €, CENELEC EN3N361 and CELTEC
62209 standards were  followed 1o generate the messurement  uncertainty  lor  validation

measurements,
] Scan Volnme Expanded Uncertainty
? Ta 303 %
10g 201 %

Page: 5:1
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6 CALIBRATION MEASUREMENT RESULTS

SAR REFERENCE DIFOLE CALIBRATION REPOKRT

f.1  RETURN LOSS AN IMPEDANCE IN ITTEAD LIQTUID

Frecuency Mz
2440 2460

vy
e

2330 %W N0 M40 24

qP

i

2500 .':IZD

Rel: ACR 2406 LA SATILA

Impedance

3_,- S I TSN TSR TR,
4
[iT Frequency (.\ﬂ!z.j A_- R‘L:turp:l_.-r(rvjs_(»dB_}A_ | il quui;cmcr—lt(dm
245 <27.530 -2

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frecuancy, Mz
2380 2180 40 M0 240 2GED 24BD 2500

750

5170380

6.3 MLCCHANICAL DIMENSIONS

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -27.56 -20 S43Q+090

Cape: 6711

Frequency MHz Lmm h mm
required measured required
300 420.0z1%. 2500 21 %.
450 190.0z1%. 1667 =1%
750 176.0=1%. 1000 =1 %.
835 161011 %, f9.311%

dmm ’

measured

required
CA511%
£3511 %

A5 11 5%

measured

3.6 17 %,

Tiine el wmend eheetf nof be rvpvoxkaowd excyt o S or o o, walliese! the wnilen apeeeand of SATINGD
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ara 180021 %, 83.3 =1 %. 3641%
1450 85.1=1%. 517 1%, 361%
1500 3U5=1%, LDA+#1 %, EX R RS
1640 5O=1% ant 1%, 3641 %
1750 a1, 42411 %, 1611 % ]
1800 72.0-1%, 4711 %, 1611%
290 6.0 1%, 395 11 %. 316 H %
19 663 1%, 305 11 %, 3611% I
2000 64.5 -1 %, 375:1%. 3641% |
200 6140 1%, 35741 %, 16Kk |
2300 TR 32511 %, G1% | N
2450 51521 %, pAsS 304:1%. i35 6% | PASS
2500 4501, 708 £ %. 3611 %
3000 414 1% | 2sar1%. 1611 %
3500 12041 %, 26.4£1%. 3641%
00 18,001 %, 26.4 11 %. 3611 %
7 YALIDATION MEASUREMENT

The ITEE Sl 1528, OET 65 Bulletin € and CEFIEC 62209 standards stule that the system
validation measurements must be pertormed using z reference dipole meeting the fore mentioned
zeturn loss and mechanical dimension requirements, The validation measurement must be performed
against a liquid filled fla: phantom, with the phantom constructed as outlined in the fore mentioned
standards.  Per the standards, the dipole shall be positioned beloaw the botom of the phantom, with
the dipole length centered and parallel w the longest dimension ol the llat phantom, with the wp
surlace ol the dipole at the described distance Trom the bottom swrface of the phantom.

7.1 HEAD LIQUID MEASUREMENT
Fm:;:znw Relative permittvity (s} Conductivity (0) S/m
required measured required measured
UL A4 14 % SETRDS
350 43515 % 08715 %
250 41915 % 0.89 15 %
Y34 A5G SETNDE
Jou 41545% DA7 5%
1430 0.5 45 ¥ 1.20 45 %
T RS 12315 %
a0 40215 % 13115%
1750 40.115% 13715%
1810 40,015 % L4015 %
1900 40.015% 14015 %
1850 40.015% 14015 %
2000 40.0 15 % LA01S X

Vs cexnmend shon aud be mpvanan sl eroeps v N ol ovet Wil

Puger 7

e s geevosal ! S T0
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2103 ILE=5H 14945%

2307 ELEPE 167459

2447 16 -6 % PASS 18045 % PASS
2600 -5 % 19645 %

3007 ET TR 24045, ‘
350 19-6% 291 45 % j

79

SAR MEASUREMENT RESULT WITH HEAD LIQUID

The TEEF Sid. 1528 and CELTEC 62209 siandards state that the system validation measurements

should produce the SAR values shown belwwy (lor phantom thickness of 2

2 mm), within the

uncertainty for the system validation. Al SAR values are normalized o 1 W lorward power. In
bracker. the measured SAR is given with the used input power.

Soflwire

Phantom

Prohe

Liguié:

Distance between dipole center and liquid
Area scan resolution

Zoon Sean Resalution

Frequency

Inpar power

OPENSAR V4

SN 20:09 SAMTI

SN IR EPGI22

Head Liquid Values: eps'
10.0 2
dx=Rmmdy=Rmm
dyu=Rmmedy=8m/dz=5inm
| 2450 Mz

| 20 <Bm

3900 sigrra

Liguid Temperature | 21°C
Lab Temperature 219G
Lalk umidity 159,
m’:":f:"" 1.5 SAR [W/kg/W) 10 g SAR (W/kg/W]
required [ measured required measured
300 235 194
450 4.58 106
tal 049 7 7 ()
83% 49.56 . 8.22
500 10,9 ; 599
1450 23 16 '
1520 05 168
1640 34.2 184
1750 36.4 193
1800 3z 201
1900 39.7 205
1950 105 20.9
2000 411 221
2100 136 2.9
2300 i 8.7 21.]
Page: 8711
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licl ACR24U5.1454TU. A

rz] 23.7712.38|

2450 524 £3.60(5.35)

2620 553 246
3000 638 25.7
3500 §7.1 iS

BODY LIQUID MEASUREMENT

v

Freguency

MKz

50

Relative permittwvity {&,’}

required measured
51915 %
G8.215%

715%

v
=)

55515%
95,2 15%
S55.015%
S55.015%

S4.015%

13015%

Conductivity (o) S/m

required measured
QA015 %
0.9215%
Q8415 %
G801 %
a7 15%
1.0515%

1065 %

14D15%
15215%

15215%

200K 53345% 15245%
2100 53.235% 16225 %

2450 52.735% PASS 19525% | PASS
20060 52545% 2.1615%

R 52.045 % 27345%

3500 513115% 3.3045%

520K} 430=10% 53010 %

53K 183=10% 542 =10 %

540 187 =z10% 5.53=10%

A2 e 2yl o G repvenhcoad dace it

n 011
Mg W9

W LT RO I e el

£ ¥ATIM
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S65£10%

Rel’ ACR240.6.14.SATL A

STTLI0%

600 £10 %

74 SARMEASUREMENT RESLILT WITH BODY LIQUID

’—l;l:';—!gslnm
Probe

[ Tlgod

Distance between dipole center and liquid
A n resnlplion

Zoon Scan Resolution
Freguency

_Inpuf power

Liguid “emperature

Lab Tempertiure

Lab Hunidity

Frequency
MHz

OMENSAR V4
SN 20:00 SAMT|
SN 1811 EPGI22

10,0 mm
dx=8mm/dy=8mm
dx=8mm/dy=8m/dz=Smm
2450 MHz

201 dBm

21°C

1 £ SAR (W7kg/w|

measured measured

Body Liquid Values: eps’ @ 55.0 sigma: 1.93

10 g SAR {W/kg/ W)

2450

52,65 15.27) 23 73(2.37)
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SAR REFERENCE DIPOLE CALIBRATION REPOR | Ref: ACR.2404 IH5ATILA

SATIMO

8 LIST OF EQUIPMENT

& ) — d ~
O o v e P M e
aiptin 8199 | & & e |Cylifirgtibn Dl § 8 Datc & §
< s 2 Validated. No cal Malidated No cal
SAM Phantom Satimo SN-20/09-SAMT1 required. required.
A Malidated. No cal Malidated. No cal
COMOSAR Test Banch Varsion 3 A NA, required required
Network Analyzer Fhds Z& f;hvau SN100132 022013 02/2016
Calipers Carrera CALIPERO1 | 122013 1212016
Refeerce Probe Satimo EPG122 SN 18!11 ‘ 1012013 1072014
Mult meter Keithley 200 1188656 1212013 1272018
Signal Generator Agitert E4438C MY490705861 122013 12/2018
o ¢ o Cnaractenzed pnor to [Characterzed prior to
Ampiiber Aethercomem SN 046 test. No cal required. [test No cal required
Power Meter HP E4418A | US38261458 12/12013 12/2018
Power Sensar HP ECF-E26A US37181460 1202013 12/2016
- LESN ‘ adaa Craractenized prior to |Characterized prior to
ettt Ccger HaraaA216:A) 01386 |test. No cal required, [test No cal required
Temperatura and X 1. ‘ ) .
Humidity Sensor | Control Company 11-661-9 8/2012 82015
Page: 11100
Jus Aasumen shall v oo r.m fl.nl’ e o ol o pary, wsacw e wt-n‘.'v"q;l,'.'.'uk\'.:.' AFSATISD,

—End of the Report———
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