Report No. SET2016-07833

SAK KEFERENCE DIPULE CALIBRA TION REFOIT Rt ALK HATLLA

SATIMO

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,
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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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[ ATR 20000 LLSAT, A

6  CALIBRATION MEASUREMENT RFESULTS

il RETURMN LOSS AND IMPEDANCE [s TICAD LIOTU Y

mequancy Mis
1880 1E0 1930 10 18E0 150

W0 TR D T

| F'ruq ueney I_..‘l"]llj!.:l Helurn Lo {d13) HEQIIiT’Em&nI‘ﬁB} -

| 1490H) -23.44 20

A2 RETURNT 0SS ANT IMPEDANCE [\ BODY LIGUID

Frequaney, M-z

BT MO TR0 DER

¥

L

|
I |

| Inipedance

180 WD 1500 15D R0 THRD  POD

rie

[ =540 ¢

Fregueney (MILe) Hetorn Loss {dH]_' - Requircment (1B}

Impedance

K -27.36 ) 20

3 MECHANICAL DIMENSIINS

| 570 -44j0

dmm

reasared

Frequercy Milz Lmm h i
requined measured requirad nasasd required
A Q200 11 % a0+ ¥ Gih11 %
451 M0l % 66T 41 %, LELEIEY
| 1ol =1 %, Nl Dablils
335 | 1ELUz1%5 HEH=1% 15=1%.
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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
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Bel a4 1Tl A

SATIMD
#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 %
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B35 AR 0,07 46 &
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(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

CCIC-SET/T-1 (00)

Page 151 of 185



Report No. SET2016-07833

SAR REFERESCE BIPGHLF CALIBRAT N KE PRI Bed; ACR 1504 1.RATLLA

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
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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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SID2450 Dipole Calibration Certificate

ﬁ = I"'I_im,' ™
el SATIMO
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i_:ﬁ :}.- E"* . SAR Reference Dipole Calibration Report
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H i SHENZHEN, P.R. CHINA (POST CODE:518055)
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SAR REFERENCE POLE CALIBEATION REPORT

et ACE A 158010 4

k-3

i

Device Under Test

3 Produe! Deseription

4.2 Mechunical Reguiremenis

f Calinration Measurement Results

Validation measurement
T Head 1iguid Measurement

s SAR Measurement Result With Head Liguid

T4 SAR Mensurement Resull With Body Liquid

§  Listof Cquipment

TABLE OF CONTENTS

2l Giereral Inlormatzon

4 Messnramienr MetnE - e s e A A s e e

1.1 Return Loss Requirements

Ln

[

P T L an ] ol B aLH =T Ly R e e R AT S e A e el 012 e oA DRTReS L E Lol e o I
=N | Feturn Loss

5.2 Mmenswm Measurement

L]

Lh

53 Yalidation Measurement

i1 Return T and [mpedanee Tn Head Tiguid
f.2 Return Tass and [mpadance Tn Tedy Tiguoid

h

fr.3 techanical Dimensions

T3 Body Liguid Messurement

FPaga: 3711
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SATIVIO

1 INTRODUCTION

This document containg a summary of the requirements aet forch by the IEEE 1328, OE 1 65 Bulletin
Cand CEVIEC 62204 standards for reference dipoles used for SAR measurcment system validatons
and the meaaurements That were performed woowenily that the product complies with the lore

menhoned standards,

z DEVICE UNDER TEST

Device Under Test

Deviee Type | COMOSAR 2450 MT 1 REFTRENCE DIFOLE
Manutacturer | Satimo
M el | 102450
Serinl MNurmher SN 913 DIP2GE50-220

Produet Condition (new / nsed) 1lsind
A yearly calibration interval is recommendid

L] PRODUCT DESCRIPTION

3 GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordanee w the IEEE 1528, QOFT 63 Bulletin
C oand CELTRC 62209 standards. The prodoet i3 designed for vse with the COMOSAR test bench
only,

ey e-pem
IEIHI'- 3 2 !
B

B

HI 1

|

i }

| e T ]

i i E i !E_ .!._
- I. ' i

Figure | 'xr.'ru:l.'rii U’Iﬂ'f,l‘wh'{ J.-.n'.'u'u."rru Dipole

Porga: 4411

s povwmend shdl non by repvorkvosnd wacvt o e or i e il S wndien ppseeeed o VAT
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4 MEASUREMENT METHOD

The IEEE 1528 OET 63 Bulletin € and CELTEC 62209 siandawds provide requirements Tor
reference dipoles vscd for system vabidation messorements. The Gdlowing measuremenls wene
performed to verify that the product complies wath the ore mentioned standards.

4.1 RETURMN LokSS REQUIREMENTS

The dipole used for SAR svstem validation measurements and checks must have a return Joss of <20
dB or better. The retuen [oss meazurement shall be performed agamat a liquid Alled flac phantom,
with the phamom constuctad s oulined in the fore rmentioned stndunds,

4.2

The IEEE Sl 1338 and CEVIEC 63209 standards specify the mechanical components and
dimensions ol the validation dipoles, witn the dimensions frequency and phantom saecll thickiess
dependent.  The COMUSAR test beneh employs 0 2 mm phantom shell thickness therefore the
dipalzs aold for wse with the COMOSATR st hench comply with the reguirements sel forth fora 2
mm phantorn shell thickness,

] MEASUREMENT UNCERTAINTY

All unecrtainties listed below represent an expanded unceraingy expressed at approximately the 95%
confidenee level using a civverape Gactor o'k 2, traceable o the Internationally Accepted Guides o
Memsuremen! Uneerainty,

51 RETLRN LCkSS

The folleswing uncertainties apply w the renumn loss measuremsnt

Frequency band Fxpanded Uncertainty on Return Loss

SO0-BO00MTE 01 dR

52 DIMENSION MEASUREMENT

Tl Gollurwirne wncertainties apply w e dimeesion o e is.

Length {mm) ) Expanded Uncertainty on Length
i 3 - 30 {05 mm

53 NVALIDATION MEASURENMENT

The puidelines outlined in the IERE 1528, OFT a5 Bulleiin C, CENELEC ENI0361 and CELTEC
G208 standards were  ollosed o0 penerate the messurement uncertainty  lor validation

measuTeEmenls,
Sean Yolume Expanded Lincertainty
1o 203 %
g 0.1 Y
Fige: 501

Vi e SR ded e remraabieel e A A G e et withane the e aeeoval of S TG

CCIC-SET/T-1 (00) Page 158 of 185




)

1C

Report No. SET2016-07833

—|@

SAK REFERENCE DIFOLE CALIERATION REPORT
SATIMO

6  CALIBRATION MEASUREMENT BESULTS

il RETHRN OS5 ANTY IMPEDANCT TN HTTATY LI

Frapumncy. b
TE M0 M MEP MED MEQ KO 7D E-:‘E-l?l

Bl ACR MO SATILA

#3En IR0 DD RN M4l MED AL PSDO 2R st |

@ - i.
- ‘J} 1
[ * - e = {
N i
44 ' |
- e — = : —
e e .
Frequeney (MHz)  Return Loss (0B} Requirement (dE) Impedance
2451 -27.50h -2 1700+ 3540
02 RETURN LOSS AND IMPEDANCE IN BODY LIQULL
Freramncy, MHr |

T
[ | R e .~ SRS SR S " B
A
-
-§d
Frequency (MHz) Return Loss (dB) Requirement (dii) Tmpedance
2450 -27.56 -0 5430+0.950

6.3 MECHANICATL DIMENSIONS

i ".'..'g.- 2

Ty e el shetl nar b evpvrokemed ecccwnnt o, SV or o e, Wit the wndlea aepeeead of AT
- . ' R e | b H o

Frequency MHz Lmm b mr d min i
required measured requined measured requirad mpasurad
oo 420021 %, 250021 %, LAS 1%
450 190.0 =1 %, 1667 =1 %, EA5 K1 %
750 176021 %, 1000 =1 %, BAs 1l
RS 161221 %, B3 11% A6IT K,
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Bl a3 240 12 5a T4

SATIMO
ara A5D4l %, B13=1%. 164 %
1452 81.1-1%, 517:1% 364 %
A500 Buh-1l%, LA 1 %, 1aH1 K
153 mOs1% and i1 %, 1611 % )
1750 T 42900 %, 16 1% O
<80 201, 471, 161 %
T BEO ST, 30.5 £1 %, 16t %
o R D1, 0% | .
S0 G401, 17515, 1641% |
g B1d 1%, 357 £1%, it |
- ETRL 315:1%, GL1% | :
2450 51.5=1% pass 30411 %, Pis5 1601% | PASE
0 a1, ZHA £1 %, T
A0 41.4 A '|. ':ﬁ | 200 11 %, 3611 %
B 1745, 2.411%, 3611%
s A, 0] P8 4] %, EG11 K
7 ¥YALIDATION MEASUREMENT

The ITET 511, 1528, ORT 65 Bolletin © and CEVIEC 62209 standonds stute that the svstem
validation measurements st be performed vsing & reference dipole meetng the fore mentioned
seturn loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled flar phantom, with the phantom constructed az cutlined in the fore mentioned
standands,  Por the standands, the dipale shall be positioned beline the botiom of the phaniom, with
the dipole length ventered and parallel W the longest dimension of the lal phantom, with the wop
surface ol the dipole at the described distance from the bottom surface ol the phantom.

o

HEALD LIOUID MEASUREMEN]

Fre:,:':leznw Relativa permittrvity (s} Conductivity (o) 5/m
required measured radquired measured
LU EERELE LT
sl 43515 DT ek
-.u- A1.615 % 08915 %
i 375 4h & W (IR ]
ang 41,545 % WEFEEE-
144l AllLL +5 % 1.20 5 ¥
] 1800 EIEREE 1.2315%
RESIH) a0.215% 1.3115%
1750 40,115 % LIvis%
10 a0.0 15 % LA0x5 %
1900 40,015 3% LA0LEH
1850 40,0 15 3% LA0E %
2000 A0,0 15 3 LA0ES X

Pagey T

Tz cexnmend shend apd by rpvasbaed enepd i B0V e dy et it e woden ol ! 54T
- . B A e W A . '

CCIC-SET/T-1 (00)

Page 160 of 185




Report No. SET2016-07833
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2103 IE=hE 14n 459
2305 255 =5% TEF+5'%
M5l A0 % PASS 180445 % B
2600 05 1,95 45 % .
O Akh=h % PR R
BB TETHE 28] 45 |

12 SAR MEASUREMENT RESULT WITH HEAD LIOUID

Th [EEE Sud. 1328 and CELTREC 62209 standards siate that the system validation messurecments
should prodoce the SAR values shown below (Tor phantom thickness off 2 mm) wathin the
uncerlainly for the sypstem validation. Al SAR values are nommalized 1o 1 W lorward power. Tn
hracker. the measured SAR is given with the vsed input power,

sl ware CPEMSAR VA
Phantim AN 209 BAMTI
Prabe EM IR RG22
| i|.|ui:f Head [.iquid Values: ega’ - 390 sigrea ! 1LTT
[Figtane: batween dipole center and liguid 100 o
Araa sean resolution dx=Fmm:dv=Rinimn
Foon Sean Resolarion du=Rimmdy=Emde=5mm
Frequetiey | 2450 MLz
litgir e | 20 £Bm
L iguid Terperature [ 21°C
Lal: Temperatare 21°%C
Lale Hlursidiny 15 %
Fragquancy
i 1 g SAR (Wi kW) 10 g SAR (W kg
fequired measured resquired measured
00 285 1494
450 458 1.0
raly n.4% Tl
B3t 4.56 £.21
00 0.9 | | L] |
1450 EE] 16 '
1500 nsE 168
1640 34.2 184
1750 364 103
1800 EL 2n.l
1000 T 205
1550 A0.5 205
2000 411 211
2100 A3.6 219
2300 AB.7 23]
Pa‘.l;'.:. &N

QTR R TE !

et 1R nere et g A T
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2450 52.4 53600535 2 23770238
2600 55,3 4.6
3000 B3.8 5T
3500 £7.1 5
g i
i L E
| -
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Ref: ACR. 24004 1 3ATILA

§ LISTOFEQUIPMENT
Equipment Summary Shest
uipment! il 8 Cirreit - B \gn Calibratien
%‘.riptin | g i‘ulirﬁﬁu_,.[ﬂt!: | R Ditesi B
SAM Phantom Satimo SN-20M03-SAMT ESE;" Ne E:L‘j:ﬁ” "i” el
COMOSAR TestBancn  Verson3 NA ;;ﬁ';:ﬂfelid P ﬁ:ﬂi’:d' ot
Nishari Analy s R"”””g ﬁ,i“““"“‘ SH100132 0212013 0212016
Calipars Carera CALIPER-O1 1212013 1212018
Rafecerce Probe Setimo EPG122 SM 1811 | 1012013 102014
Mult meter | Keithiay 2000 1188656 . 1212013 1212018
Signal Generator | Agilert E4430C MY 490705481 122013 1272018
ampter | Aetheroomm SO Rt e i et
Power Metar HP Ed4 184 US38261458 1212013 12/2016
Power Sensar HP ECF-E264 US3T181460 1212013 1212018
Directional Coupler | Narda 4215.20 01386 ?E:?mﬁfﬂ_:f’feﬁﬂl‘j;;“ ﬂfmﬁﬂ‘;ﬂ:ﬁ‘égﬁ
T Sonany | Control Company 11-661-9 82012 82015
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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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SAR REFERENCE DIPOLE CALIBRATION REPORT Rel ACR.224. 1L I4.SATUA

SATIMO

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to verify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2600 MHz REFERENCE DIPOLE |
Manufacturer e | Satimo :
Model [ SID2600
Serial Number i}l'ﬂ 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

Pn‘_L"t" 4/11
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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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6.1

SATIMO

| Frequency (MHz) [
2600

6.2

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.224.1.14.SATU.A

CALIBRATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz |

2540 2600 2620 2640 2660

2520

2560

S11,dB
W p
&0

45-

-B0-

Impedance |
1.30-2.3iQ

RL'(illirL‘Itlt‘lll (dB)
=20

Return Loss (dB) _

-31.53

N

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency. MHz

2500 2520 2540 2560 2580 2600 2620 2640 2660 2680 2700

dB

si1,

40-
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

wal of SATIMO
d and is not to
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Ref: ACR.224.1.14.SATUA

SATIMOD
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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SATIMO
2100 39.8 45 % 1.49 45 %
2300 39.5 +5 % 1.67 5 %
2450 39.2 45 % 1.80 45 %
2600 39.0 45 % PASS 1.96 45 % PASS
3000 38.5 £5% 2.40 5%
3500 37.945% 2.9145%
7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

All SAR values are normalized

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

to 1 W forward power. In

Software OPENSAR V4
_Phantom B SN 20/09 SAM71
Probe SN 18/11 EPG122
| Liguid Head Liquid Values: eps” : 39.0 sigma : 1.95

Area scan resolution

Distance between dipole center and liguid

10.0 mm

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency

2600 Mz

Input power

20 dBm

Liquid Temperature 21°C -
Lab Temperature 21°E —
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 3 8.49 i 535__ e
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 384 i = 20.1
1900 39.7 205
[ 1950 | 405 09 |
2000 41.1 211
2100 43.6 219
2300 a8.7 233
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SATIMO
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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A

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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SAR REFERENCE DIPOLE CALIBRATION REPORT

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

Page: 11/11

The information contained herein is to be used only for the purpose for which it is submitted and is n
be released in whaole or part without written approval of SATIMO

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

JU N

CCIC-SET/T-1 (00)

Page 175 of 185




(N

CIcC
v Report No. SET2016-07833

<Justification of the extended calibration>

Referring to KDB 865664 D01v01r03, 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.

Head 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -23.17 - 57.40 -
2015.08.26 -22.96 4.95 57.88 0.48

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>

Head 835MHz

Trel dE Mag 10dB/ Ref0dE Cal 1 Tret Smith Ref1U  Cal 1

211 I | s

10—

Gy Sten diahii Ryl dam Stop 833MHZ | ch1 Start 735 MHz Pur 0 dBm Stop 935 MHz
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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

Tred dB Mag 10dB/ Ref0dB

511

Cal

Ch1  Start 735MHz
112003, 5:28 AM

Pwr 0 dBm

Stop 935 MHz

Trcl Smith Ref1U  Cal 1

a1

Ch1  Start 735MHz Fwr 0dEm Stop 935 MHz

112003, 5:30 AM

CCIC-SET/T-I (00)
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Head 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -25.01 - 46.70 -
2015.08.26 -25.36 -1.74 47.72 1.02

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>

Head 1800MHz

e Tre1

Trc dEMag 10dBf RefOdB Cal

311

Chi

Ch1  Start 1.7 GHz Fwr 0 dBm

Stop 18 GHz

<&

Smith Ref1lU Cal

Fwr 0 dBm

Start 1.7 GHz Stop 1.9 GHz

CCIC-SET/T-I (00)
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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
o Py
. - o, v
Tret Bl dEMag 1008/ Ref0dB  Cal | H s e
S14 o :
SN - .
B2 A0
7N
i d £
/ # %
L / /
!
f !
- ) ||
| o | 02
| |
L { | .
I'. L \
L 40— “. -.\. \
A
A h -
L \ W
K ‘\/
Ve
L T v

Ch1  Start 1.7 GHz FPwr 0 dBm Stop 19GHz

12003, 1:45 AM

Pwr 0 dBm Stop 1.9GHz

Chl Start 1.7 GHz
112003, 1:45 AWM
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Head 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -23.44 - 55.40 -
2015.08.26 -23.79 -1.74 55.33 -0.07

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>

Head 1900MHz

Tret dE Mag 10dB/ Ref0dB  Cal

1 Trct Smith Ref1U Cal

51

s1

-B0

Ch1 Stan 1.8GHz Pwr 0 dBEm

Stop 2GHz Ch1 Start 1.8 GHz

Pwr 0 dEm

Stop 2GHz
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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>

1172003, 1:53 AM

Body 1900MHz
®
Tred dBMag 10dB/ Ref0dE  Cal A el ST 1
st s11 = { =
. el P i
I 3 - L
\// o —
L / Vel /k [
/ o \'\ N
/ f/ \\/ /i
: L L
| (o ,In: [05 ,J: %
! e A
| l ]‘. ll'\ \\ sl LA
Vo A\ ALY
4 A }// » | 54
\ NN s 7
I Y -
N,
&) {“ e 7( s
\\“K\_\___\_ I ?
- il ul ) - | Tewaghn G ke

CCIC-SET/T-I (00)

Page 181 of 185




)

CIC
v Report No. SET2016-07833
Head 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.50 - 51.70 -
2015.08.26 -27.09 9.90 50.99 -0.71

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>

Head 2450MHz
A ®
R Tred Smith Refill Ca 1
Trc dE Mag 10dB/ Ref0dE Cal 1
s
-40
GHz
Ch1  Start 235 GHz Pwr 0 dBm Stop 255 GHz
112003, 1:02 A
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Body 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.56 - 54.30 -
2015.08.26 -27.30 6.17 55.11 0.81

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 2450MHz
> £
Tre1 dBMag 10dE/ RefOdE  Cal 1 Tret Smith Ref1U  Cal 1
11 s11 }
1
L.
-20= — —
-6D-
-7
Ch1  Start 235 GHz Pwr 0 dBm Stop 2.55 GHz Chl  Start 2.35GHz Pwr 0 dBm Stop 255 GHz
THHI0I:TNZAM 1112003, 103 AW
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Head 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -31.53 - 51.30 -
2015.08.26 -31.75 -4.94 50.99 -0.31

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>

Head 2600MHz
T
{293 B
ot 3
Trct Smith Ref1U Cal 1
Tre1 [ 0B Mag 10dB/ Ref0dB  Cal 1 o
e |
st | i
s . \
10 - S/ L '\\ -
' o S . P .
| / ' P A \
| - ; / / o RN
| / / oL
i / / "
| ,I 0 2 f 05 [
[ 1 |
L | | | \
|IIII ]'." I‘. \\y/"
i \ \\ N, & \\
4 " gt
| \\ i A IS
N
\ \\/ ~/
e N PN
. 04 Mg o ~
i ~, R“'ﬁ’——_——-” 2
R ! E
SR
Chl Start 25GHz Pwr 0dBm Stop 27 GHz Ch1 Start 25 GHz Pwr 0 dBm Stop 2.7 GHz

1712003, 1:08 AW 1712003, 1:09 AWM
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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 N
kg Trcd Seith  Ref1U  Cal 1
Trel dEMag 10dE/ Ref0dE  Cal 1
51
M
L 4p
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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