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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.

42  MECHANICAL REOUIREMENTS

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,

51 RETURN 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}) B:pamle?l llncert:Tin_t}' on Length

3 =300 0.0% mm

33 NALIDATION MEASUREMER |

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 I 20.1 %%
Page: ¥
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i CALIRRATHON MEASUREMENT RESITLLTS

6.1 BETL RN LSS ANMD IMPEDARCE [ HEALY LIS

Frepeancy, MHz 1
B e W WD S5A b

Leons Wil iR i elilics o ERSS

Freyueney [HI_I.E}

Return Loss {-Elﬂ T _“I.'l.l_l.liﬂ.‘;I-L‘l'l l_lfd“;]__ Impedance

t.2  BETURN LOSS AND IMPEDANCE TN BODY LIQUID

Frequency, M-z
& TED VD B0 BX D 560 BAD GO0 90 55

R e D e o e

833 22317 -0 57.40-02j0

Page: 0/

reik et A i el mepiescied ernenn b Rull o Je et et e et e of v T

l_‘:_{
2 i
Frequency (MHz Heturn Loss (dB) Kequirement (dB) Impedance
#33 -24.50 =20 JAONLY 350
6.3 MECTAMICAL DIMENSIOMNS
Frequency Wk L mm hmm dmm
required measured required mecasurcd required measured
300 120041 % 250041 %. 6.35=1%.
a50 130,041 % 156,742 %, 6.35 1%,
750 176041 % 190042 %, 6351 %,
235 | 16lL0t1%. PASS EO.B 21 %, FASS 3.6 1 %. PAZS
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Ref ACR 2L 25AT A

SATIMIO
am 145,041 H B13-1% 14 11 %
4500 a1 -1 % 53721 % ERAS R
7400 ARG 1, 16 1%,
16&0 TR B2 361 %
1150 752a1m, 16¢l%,
1800 T20:1%. 1.6 £1 %,
T am BEO=1%, 1551 5%,
T G632l %. 1.5 1%,
2300 B45 1% 16 £1 %,
2100 GL021%, 1651 %,
2300 55210, 1651 %,
2450 SL521%, 30421 %, 16 £1 %,
T 2 4B 521%, ®L=LH 1551 %,
atao | arsatm 50=1%, 15 £1%.
1500 [ zrearm A1, 16 £1 %,
[ i 34721 %, T 1651 %,

7.l

T VALIDATION MEASUREMENT

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

HEAD LIQUID MEASUTREMENT

™

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

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

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

Poge. 777
i alurearnt it e b pdiendand, e il o !'I RET AL TR T ..:.-.; '--.'.Im"!.‘-'!.".""-:'.'.i.' APRTTINA
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100 IELS% LAD3s %
2300 Y -  LeTisk
2950 I0145% LE045 %
2500 | 3mp1sm LOE15 %
3000 36545 % 24025 %
3500 3045 % 20135 %

720 5ARMEASUREMENT BESULT WllH HEAD LI 1L

The IBEE Std. 1328 and CELTEC 62209 standards state that the svsem validation measurements
should produce the SAR walues shown beliew (for phantem thicknesz 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.

[ Snftwary

[ Phuntum B 1
Prooe uh LR EPLGE2E
Licqud Hezingl Ligguied Volues: eps” ;42,3 sigmu - (192
Digtumey bevoeen dipole center and il 15,10 mm

Aren seon resalutian

ilx -:_':rl'-l'll.'r|:'| =Krmm

Loon Scan Besolition

dx-Emmidy-Smile-Smm

Fregquenyy 835 MH=
Inpanl prvwver 20k didm
L,i._||_|'i:,1 'I'e.rnper..luru R al2C
Lab T'emperi e RTES
Lab Humedlily == a5 =
PR 1 SAR (W oz ] 10 g SAR W0 h /W)
required mieasured required mazasured
i Al T4
450 454 iia
a0 BA9 ]
75 055 0,77 (0,53 [y £.30(1.53|
W i ] L]
1458 il 1B
1506 A2 Tha
164 142 He i
1750 164 193
1800 184 0.1
1900 197 0.5
1950 0.5 0.9
2000 4Ll 111
2100 136 119
2300 a7 133
Poggeer K8
'i-j."e- el AR s fe _n'.'lf-Jll.'-.."_:'J::x,:-'u' R AR TR T -'-jn' nratien .:J\.'wur:._.' ST
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Ref ACK 212 50100

2450 524 24
2620 533 LB
I EAH IRT
éEGI:I E7.1 25

Ve e e

7

73

BODY LICHIID MEASUREMENT

"5[31":!:""' Relative permittiity [&) Canduethity [a] S/n
reguirad rosaasured reqquinar measured

130 BL9t5% DEIE5 5%

a0 SE215% DE215%

4310 56.715% DB +55%

T30 E55+5% D86 £5%

333 55245% FASS DET 5% PASS
ui s505% | LB, |

Ul E5.05 % LOG£5 %

1430 £4.045 5 LI0ES

16100 E3E 45 H, 1D +E 5

1800 B39 45 % 157 KSR %

| 200 B33 45 5 TeReaE |

W00 | eamess Y

2000 E3245% L B2 ER

2450 E2TSH LS ER

2600 52545k, T1BLE%: |

3000 S20 % ATAES %

3200 51355 331 +5 4

200 LEHES T LRI EANES

2300 EELESHE 5T 10

400 13710 5 53 10

Page: &7

D efovieatt afad! e me panimdunte e 0 Al e naen uimiane e nrimen ana auel ST A
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55000 40,5210 % 365105
&) 40,5 £10 % 5.77 10 %
SR 402:10% | BOLI0%

74

et AUR 2401 T4 A4T0 A

SAR MEASUREMENT RESULLT WITH BODY LIQLITD

| Sofiwere
Mhanzom
Proie
_ Ligaid
Disance berscen dipele sentes ane liguid
Arca scan Tesolutin
_ Zoon Scan Resoluhon
_ Frequeney
It pover
_ Liguid Temperotme
_ Lab Temperature
Lab Humidity

Fraguency
FHz

[ OFERSAR V4

[ BN 2000 FAMT

[ 89 &1 EPGI22
Hewdy Liguid Values: ops’
150 imm
de=Rmmedy=8mim
de=Rinmv'dy=Rm/dz=3mm

c3d. 0 slgma 007

B35

815 W71z

2 dF

o F

i

45 5,

1. SR (WkgM) 10 S8 (Wikgiv]

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

]

ol

e

- ST 1 PR LB L | - -

Mgz M

T deemn sl o fe recreerd eyt vl e i e, eofiond e Cordin auiinesad af YAV
o ' e i ] v

CCIC-SET/T-1 (00)

Page 107 of 158




Report No. SET2016-20884

BATIMIO

AR KEFEREMCE IPOLE CALIBRATION REFORT

B LIST OF EGUIFMEN]

He® AR 40T 1458771 A

Equipment Summary Sheet

woon 0 LR Cuprente | Next Calibration,
B lduﬁl;ﬁf!!guﬁh . iﬁﬁmﬁniﬁ]h‘ ﬂa:mr:—gnl:' "“j&:.
SAM Phantem Salir SN-20/09-SAMT gﬂiﬁ” il E‘:ﬁfﬁ_"ﬁ” e el
;DMDEAF'. Tas: Baneh Version 3 N, “E]l:_'ﬂfetﬁd No cal iﬂﬂ?@tﬁd Mo cal
Network Analyzer H"”“;ﬁ“"wﬂz SN100132 0212013 02/2016
Calipers Carrera CALIPER-01 1202013 1272016
Refarenca Probe Satimc EPiE122 5N 1841 | {02043 102014
[ et Keithlay 2000 118556 1202013 1212018
_Eignal Banerator Aglent E4£380 MY4507 058" 122013 122016
Fawer Metar HP E44184, US38261496 1202013 1212016
Pawer Sansar HP ECP-E26A, IS37 181450 1212013 1202016
_Dir-:ctin::-nal Conipler Marda 42152 01383 E;Z?mﬁtc‘e:;ffagﬁg.E;T_r‘ﬂfzszgqp:ﬁ;?
L‘ilr[‘nil’;;tgfnigf Cartral Company 11-661-3 E/2012 812015
Pegger: {144
.: e aresmend skl non g reerenlosd! e .",'"II-- -:-'-'-"_U".:" L lr--'-'n_-:-wu' '-:'\ Ir.'--l.'.'rn. .|:|.|-..-\:.rﬁ-.:l' A I‘-' '|"-'.'T".'
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Thed KT T2 A% I EEIT Ty

SAR Reference Dipole Calibration Report

Ref: ACR.240.4.14.5ATUA

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD
ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN
SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 1900 MHZ
SERIAL NO.: SN 0913 DIP1GR00-218

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

A
N )
SN
e A @:!
e i b
Ly [AccREBITED]
R reT—————
08/28/14
SETIRAT
This ducuineri presents the mathod and resalis Tron an secredited SAR relerence dipole calibeaton
performed in SATIVO USA using the COMOSAR test bench. All calibeaticn results are traccable
lex mankpeanin | II'IrlrI1|-i'\l_l__ll_'|-' mnshiiubiais
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Nerme. Frurtiom [ X Signarire
Prepayed by Jérdme LLIC Product Manager 792014 ,.:;_.ei,,--
Checked by Jertrne LU Prosduct Manaper [ #2924 r:,,'l""g
Ao b ; Kim RI .'TKIL'J"'.‘FSK[. I _{-_‘:!.JH.'I-.;' hfunuger B292014 Lo Fwmd I_

{wstooomer Name
COIC SOUTHERR
FLECTRONIC
PROMM. T

Dhivtrimadion |

TESTING
(SHENZHEN) Co,
[
I55he Laie Mudifications

A B39 4 Triitinl releanse

Mg 2000
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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

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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Fab AL LAl A

11k} 149,71 #1 . T EEEE IR R 3B+ H.
A 1%, PR ADE
1400 RlLE il %. S0.011 % 1E=1%. |
1610 ALl misle | 1621%
100 TRIZ1I® g1 B 1% Aa=1%.
T 2.0=1% LT =1% 1571 8.
i FAO=1% ERGE 0.5 =1 %, [ TE+ H. Fakz:
2951 Laizl®s 15511 5, L1l %
T aom 651 ¥ WTEH R TEHL K,
L1006 RLILL ™ 25711 I EHL M. T
ik LS - I2EEL % dbil %
2q4ui | A IR S _?.'I.ﬂ 1R IE+LE
2600 P murd | 2E:1%
.'ﬁ;EL".'l 41,5 #15 RO R 1G=1%
. R0 Ir=1% L4Ll% A6=1% |
1700 3I=1% waziw | 16218 |

-
h

F1 HEAT LTOUIN MEASUREMENT

VALIDATTON MEASUREMENT

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

Frequenty
hl'lll!_

]

Pelaties permittivity [g,) Canductivity |9} 5/m
requirad measured reguired rgasired
45345 R | amress

23.41h'% » AHTIER

A1545 % QB 5 'R

qLELE% i E |
11555 % LET IR _

A0E =% L3-5%

a4 =55 123:5% |

407 =5% 13145 % | T
4013505 12718 %

LA % i LAT+5 5

200150 % FARS 1abilh 't FARE
A0k 14015 %

-ﬂ:.Lll'J"{_ 1.a0Es %

Ja oo winkewt e wne
R LA R U AL |
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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 %

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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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

Puge! (075
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5§ LIST OF CQUIMMENT

Equipment Summary Shest

Next €alihration
_ _ L — ! .' Dﬂm :
[ B Vaidated. Mocal  Walidated.  No o cal
5AM Phantom Sabma SH-Z0M0E-SAMT e, requimu
COMOSAR Test Bench|  Versior 3 hits vadmed. Nocel - aldsted. Mo el
reguirsd required.
Notwork Aralyzer | 007 % SETNAM SN1D0132 2013 22016
Calipers Camsra CALIPER-01 12203 1TER0E
Referance Probe Satimn FP&E127 5k 1811 0EMa 102014
utimater Feithley 2000 1183656 T3 120201H
Slgnal enerasor Agilent EA4350 MIYAHOTGSE 1272013 1202016
e . Characlenzad prior to Characterized pricr to
nlls M
Ry AL i et st Nocal reclred. 1Rt Mo cal reniind
Powar eter HP Edd134 LIS3aE51 408 1452013 1202016
Powe Sensor HP ECGP-E2R8 LIEITIET460 122013 122016
IR, 4 ' - Craral:teﬁlza:l priar ko Enara-:tz-nzec'l'prlnrm
Dirgctions] Couplar fards 4216-20 013E5 1881 No cal required, |tost, No cal required
Ternperatur= and . - o o
Hemidity Sensor Caontra Company 11 HE1 & Ri2012 BientE

i e anthan M wrnion anprcend s 4 A

wws T Bt o asb o el voadd v
IR TR AT T B TR IR Tl
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SID2450 Dipole Calibration Certificate

e W
e SATIMO
i ': | -h-' = The mirawane ‘A ronpy
%ﬁ__ !E': e
i B85S
AdE B
iz g e : _ )
5 iaﬁ :' E-t 5 SAR Reference Dipole Calibration Report
7 nl.Ll Ve
lli IF l .E
5 i
i li & Ref: ACR.240.6.14.5ATILA
i _Ij‘ Eﬁi § :
I EE . ! #
'lr & !
u; e
Jlﬁ CCIC SOUTHERN ELECTRONIC PRODUCT
p s
Can TESTING (SHENZHEN) CO., LTD
! § 1| ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
:-t-'j"i E'-'i- TOWN
;‘%ti- SHENZHEN, P.R. CHINA (POST CODE:518055)
__:'_I__'!'_iﬁ_ﬁ SATIMO COMOSAR REFERENCE DIPOLE
Fam FREQUENCY: 2450 MHZ
.'-wﬁ"':ii SERIAL NO.: SN 0913 DIP2G45(0-220
el Calibrated ai SATIMO US
ﬂ- i 2105 Barrell Park Dr. - Kennesaw, GA 30144
[ 5._;3 i
oA Ea e
B. BN A @9
e -
. Co [
:,!.'-" 8 "-L_:E““\":ﬂ\?* ACCREDITED
A 08/28/14
H IE -E
L E R —
‘T h g S
LR o
& . ;‘r.,_ | I-E-fn_, s docament presents e method and results fror an aceredited SAR referance dipele calibrtion
l z !‘ i ll'- = i L8 performed in SATIMO L'EA_Llsing the COMOSAR test beneh. All calibration results are raccable
:!!;.’."Ct' ] E 1&% g L atieanal meleeley nsinolions
o
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SAH HEFERENCE DIPOLE CALIBRATION REFORT Rl AR 2405 1 SATULA

SATIMIO

1 INTRODUCTION

This document containg a sunumary of the requirements set forth by the IEEE 1328, OF 1 65 Bulletin
Cand CEVIEC 62204 standards for reference dipoles used Tor SAR messurement system validedons
and the measurements that were perlirmed wowverily thal the prodoct complies with the fore

menhioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Tvpe | COMOSAR 2450 MI1 REFTRENCE DIFOLE
Manutacturer | Satimo
Model | 8102450
Serial Number SN 09713 DIP2CGE50-220

Produet Conditien (new fused) | lsed

Aoyearly calibration imerval i3 recommendaed

d PRODUCT DESCRIFTION

il GENERATL INFORMATION

Satimo’s COMUOSAR Yalidation Dipoles are built in accerdence to the IEEER 1528, OF T 65 Bulletin
C oand CEVIEC 2209 standards, The produet 13 designed for ese with the COMOSAR test bench

only,

I!_Iﬂlm;r- R -.-..?
L i b

R e f

S

II R

| .

i A

II liwﬁ § i
Py LR

Figure 1 - Satime COMOSAR ) .-.u'.':l'u."rri.' J'Jr,JrJ.L

Porga: 4411

Tis povumend A nu by repvonkiomnd erovat i S oe in e aeiilvont e enilen ppnegesed gy VAT
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SATIVIO

(9]

4 MEASUREMENT METHOMD

The IEEE 1528 OEL 03 Bulletin © and CELITEC 62709 siandarcds provade requirements Tor
reference dipoles vsed for system vabdation messurements. The fllowing measuremenls were
performed to verify fthat the product complies with the fore mentioned standands.

41 RETURM LOES RECUHREMERNTS

The dipole used for SAIL system validation measurements and checks must have a return loss of =24
dl3 o better. The return [oss measurement shall be performed againat a liquid Glled flar phantom,
with the phamom constuctad gs oulined in the fore mentioned seanduands,

4.2 MECHANICAL EEOUIREMENTS

The IEEE Sl 1338 and CEVIEC 62209 standards specify the mechanical components and
dimensions al” the validation dipoles, wita the dimensions frequency and phantom shell thickness
dependent.  The COMUSAR test beneh employs o 2 mm phantom shell thickness therefore the
dipalzs aold for wse with the COMOSAR st hench comply with the reguirementys se forth fora 2
mm phantom shell thickness,

5 MEASUREMENT UNCERTAINTY

Al nnecrtainties listed below represent an expanded inceraingy expressed at approximately the 95%
confidenee level using a coverape Tcor ol k2, traceable o te Intermationally Accepred Guides o
Memsurerment Uneerainty,

51 RETLRM LOSS

The tollowing uncertainties apply o the refurn loss measuremant:

Frequency band Fxpanded Uncertainty on Return Lass

SO0-GO00MT T {11 dR

5.2 DIMENSION MEASUREMENT

Tl Gollunsinne uneeriainties apply w2 dimeesion mesu e,

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

53 NALIDATION MEASUREMENT

‘The uidelines outlined in the [ERE 1528, OFT 65 Bulletin C, CENMELEC ENANGa1 and CELTEC
G300 standards were  (ollowed o penerate the messurement  uneertainty  lor o validation

measuTeEmenls,
Scan Volnme Expanded Lincertainty
la 03
1g 201 %y
Pige: 501

¥l e SR ded he reorsanged creend A o an e widhane Wi nehee apvroval of 5 TG
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SATIMIO

&  CALIBRATLION MEASUREMENT RESULTS

f.l  RETHRN OS5 ANTH IMPTRAMNCT TN [ITATY LICHITD

Fraumncy. K l
I3E M0 MM M MED MEQ XS0 FR2D Ei‘i-li'l

- e i

= |
I

Lo Wi —— i

I L "
= e e T e
Frequeney (MHz)  Return Loss (dB} Reguirement (dB) Impedance
2450 -27.50 -2 §1.78+58 (0

6.2 RETURK LOSS AND IMPEDANCE IN BODY LIGUILY

Fremancy, MHr |

ZIED ML EN R M40 DMED ML J5DD SR Pt

Frequency (MHz) Return Loss (dB) Reguirement (dii) Tmpedance
2450 -37.56 -2 543040950

6.3 MECTIANICAT DIMENSIONS

Fraquency hHz Lmim h mr i min 1
required measured required maasured requirad mipasurad
3o 420321 %, 150021 %, GAG11 %
450 190.0z1 %, 1667 z1 %, EA5Hl %
TE0 176021 %, 1000 =1 . Ea51 %
815 161221 %, B 11% | AL H

! ".'.'g.- 2

Tz el semind shedd ne be rodvokzal eovept v S0 er v, maies e wnlien apteead of SATTM
- ' o Rl g v it W H i
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SATIMO
arn 40011 %. B3.3:1%. 164 %
1450 50121 % 517:1% 3.6 £1 %
1500 Buh-l%, L1 %, BN RS
159 a1 5.0 £1 %, 1641 % ]
1750 T 42911 %, 3611 % ]
<80 720 -1 %, 417 1%, 361K
JEIED - 10 I 350511 %, ERTEN
e G631 5% iGLl% | g
a0 64.5 1 % 751 %, 16H1% |
F10E : B1.0°1 %, 357 £l %, ERE S :
P hh 1 3250 % 161% | :
250 51.65=1%, PAgE 3041 %, Fiss 1E1% | PaSS
e 01, ZHA £ %, LaiE |
A0 414 -1. ':ﬁ | 200 r1%, 1611 %
2600 1701 %, I6.411%, 1611 %
. a0l M6 41 %, AL W
T YALIDATION MEASUREMENT

The ITEE 5l 1528, ORT 65 Bulletn C and CEFIEC 62209 standands stale thal the svstem
validatien measurements must be pertormed vsing 2 reference dipole meering the fors mentioned
seturn loss and mechanical dimension requirements. The validation measurement must be performed
apainst a liquid filled fla: phantom, with the phantom constmucted a2 cutlined in the fore menticned
standards, Por the stndards, the dipole shall be positioned belowe the botam ol the phantsm, with

the dipole length ventered and parallel o the longest dimension of the at phantom, wath the wop
surface ol the dipole at the described distance from the botiom surface of the phantom.

fal

HEAD LI MEASUREMBM

Fr'e:;:!;w Relativa permitireity {5} Conductivity (n) 5/m
required mieasured required measured
ELLH Qa4 Ma HS La'd
450 EERRL T Y
50 515 % 08015 %
His CAREL N LML Ve R
ang 41.5 45 % QAT Ha %
R ETE) ALLL 45 K 120 s ¥
[ ThI0 qud 1e 12315 %
140 40715 % 1.3115%
1750 40.1 15 3% 1L3T15%
LEan q0.0015 3% LADS %
1500 40,0015 % LAD IS %
1650 A0.0 15 3% LADtS %
2000 an0.00 45 % LAD$S %
Pupe; !

Vi cexmend shen! npd S rpvoeiered ernepi i Sy

Ll

wt e e e ot S T
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2103 IB5% 13345'%

A3 Anh-LY TRIARY

L I a-nk PASS 1HI4R S RS

2600 IA=5% 19645'%

FOEL AEH-RY F.a0ER

LRl 3404 -:;. il . 2071 459 |

1.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The TEEF Sud. 1328 and CELTREC 62209 standards siate that the system ealidation measurcments
should prodoce the SAR values shown belowe (Tor phantom thickness of 2 mm), wathin the
uncerlwnly for the systerm validation.  All SAR values are normalized 1 1 W lorward power. Tn
hracker. the measured SAIR 15 given with the used input power.

~ifiware CH'ENSAR VY
Phantin AW 20009 SAMTI
Prohe EMOIR ) EPGL2E
Liguis Nead Liquid Values: eps’ - 390 sigrea s 173
[Hstane batween dipole center and liguid 100 o
Area sean resolution dx=Fmm:dv=Rinmn
Foon Sean Resolurion du=Rimm:dv=Emide=5mm
Frexueiicy | 24350 Mz
Tigour [RrwEr | 20 EBm
Liguid Temperature | 20
Lal: Temperatare 21
Lab Humidiy 135 %0
Fragquancy
it 1 g SaR [W/kg''W) 10 g SAR (W kg W)
regquired measured redquired measred
Eli o] .85 1494
40 4.58 105
rall n.a% als
B3k 9.56 7.22
300 0.9 | 4.99
1450 19 BLE
1500 s 168
1640 3.1 184
1750 364 123
1500 354 0.l
1500 nT 20.5
1050 A0S 208
2000 41 221
2100 A3.6 219
2300 AB.T 23]
Pu‘.l;'.'. &N

LT R TT S T T ]

PNMRRT F ¥ e noear g A T
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SATIVIO
2450 524 £3.50(5.35) | 2337 (238
2600 55.3 M6
3000 B34 oK)
3500 £7.1 5

H |
EI.I'. \"l + 1] .
| . s, LD
BEBL I, B .
f I —
Y e LI i i r.'_rL 1 oM
7.3 BODY LIQUID MEASUREMENT
Fm::znw Helativa permittrvity (e} Conductivity (o) 5/m
required miedsured required mbd:-ur\ed_

130 BlOt5 % QA0 15 %

HH) GEI 15 % nAZ 15 % ]

454} SETIR% 09415 %

750 55515 % G615 %

K15 052 15% 097 1% |

LHH) 550015 % LA A5 %

415 A ELE S 10645 %

1454 LN FLH L1015 %

(EaL E3E15% _l.u'n 5%

180K} 53345% L3245 %

[ WK} S35 L5215% |

LT E3145% 15145% |

2106} 53.245% L6215 %

2450 5ZTA5% PASS LI5a5% | PASS

2K SIEd5% 2.1645% |

RO 52.045% 27315% |

3506 E1145% 33ta5% |

K 450 =10% 530£10%

5306} 484 =10 % 542210 %

S} w7o0% | | s53:0%

Perge: 70
o ] A

T = v nd olacdt non e repeenieced e

LA g g iR My

sren e o AV
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SATIMO
3300 48.6 £10 % 565 £10°%
S0 135 £10% [ =77ernn
SR 432 £10% | Boo+10%

T4 SARMEASUREMENT RESULT WITH BODY LICWIID

[Sofiwars O ENSAR Vi
[ PRanrom SN 2 SAMTI
[ Probe WA EPGI2Z
| |:L'||_-| u Body Liquid Values: eps’ © 550 siga @ [ .93

between dipole center and lguid 1000 mim

resnlislion du=RBrmmidy=Rimm
Aoom Soan Ressluinn du=Brum/dy=8ndz=3mm
Fresquency 2450 MHz
Impiil prower 20 dBin
I.i|,|||'||' amperline 219E
Lah Temperilu-a 212
Lah Hanidily d5 %
F
r?:w 1 g SAR (W ke 10 g SAR {W kW)
measured measured
24540 52,64 (527 23750237

= f 5

]
g ﬂqﬁr& :l-l

L
-y —— 1=t
> - |
3 Wi T =
] ; \\ |
- i |
i 8 [
|;
1
[ -‘“—\-‘-‘_‘ﬂ_\_
r
LA Was- | ] |
I T T 1T S O - .
2wl

Pragens VY

Vi lsmend s sl e reproaced, Ercaey w i o el ing e aesiee pppeoe! oS4 TG
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SARREFERENCE DIFOLE CALIBRATION HEMUKR ]

Ref: ACR240.4 I FATILA

§ LISTOF EQUIPMENT
Equipment Summary Sheet
uipment! il 8 Cireit \gn Calibratien
%‘.riptin | g L‘ulﬂrﬁtﬁgﬂtﬁ | R Ditesi B
SAM Phantom Saimo SN-20/09-SAMT1 ESEE” N E:L‘j:‘zd "i‘:‘ e
COMOSAR TestBanch  Versin3 N ;;ﬂﬁfelid' el ﬁ:ﬂi’:d' B
Metwiark Analyzel RhﬂdEZ&fi‘d:wmz SM1001 32 022 s Q252016
Calipers Carvera CALIPER-1 1202013 12/2018
Raefeeros Probe Setimo EPG122 M 1811 | 102013 102014
Mult meter | Keithley 2000 1188656 | 1202013 1272016
Signal Ganerator | Agitert E44300C MY 49070561 1212013 1202018
spter | patveroom LR iyl i e
Power Metar HP E44184 US38261458 1202013 12/2016
Power Sensar HP ECFP-E264 LS37T167460 1212013 1212016
Directional Coupler | Marda 4216.20 012385 ?E:?raﬁfiﬁffeﬁﬂl‘j;? ﬂfmﬁg‘g‘;fism‘é?
T Sonany | Control Gompany 116619 82012 82015
are: MY
"'-:.-Tﬂ-'.".\:r'l' anal o e -r.'_lil'r-'.lllll'.":f.. axay m I'm FERL LRI T |'"o g ! o SATIC
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COMOSAR E-Field Probe Calibration Report

Eef: ACE 191 115 5ATU A

CCIC SOUTHERN ELECTRONIC PRODUCT

TESTING (SHENZHEN) CO., LTD

ELECTRONICTESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518035)

MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERTAL NO.: SN27/15 EPG 0261

Calibrated at MVG TUS
2105 Barreit Park Dr. - Kennesaw, GA 30144

Ay,
R A LA
i gt

ﬂ' iy "

T

%~ [ACCREDITED
SO I R P ————

Calibration Date: 07/09/16

Strnracep

This domumert presents the method and results fiom an aceredited COMOSAE Dosimetrie E-Field
Probe calbration pedormed in MVG T2 A using the CALE AR J CALIBAIR test berch, for use
with a COMOSAR system only.  All cabbraton resalts are traceable to national metmwlogy
s b tioms.
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COMOSAR E-FIELD FROEE CALIBRATION REFORT Ref: ACR.151 1.15.2ATTLA

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETEIC E FIELD PEOBE
Mamfacturer LIV G
Ilodel SeEd
senlal Mumber S 2915 FPGOIAL
Product Condition {new / used) Meswr
Frequency Range of Probe 0.7 GHz-6GH=
Resistance of Three Dipoles at Connector Dripole 1: B1=0213 10D
Dipole 2 R3=0.215 ML
Dipole 3: R3=0.220 12

& wearly calibration interval is reconmended.
2 PRODUCT DESCRIPTION

a1 GEMEEAL INFORIATION

LWVGs COMOZAR E field Probes are built inaccordance to the IEEE 15238, OET 65 Bulletin C and
CEFIEC 62209 standards.

Figure 1 - A5 COMOSAR Dosimetric B fleld Dipola

ProbeLength 330 mm
Length of Individual Dipoles 2 tran
Ilastimuam extemnal diameter & rmim
Probe Tip External Diameter 2.5 mm
Distance hetween dipoles / probe exiremity | 1 mm

3 MEASUREMENT METHOD

The IEEE 1523, OET 65 Bulletin C, CENELEC EMN30361 and CEFIEC a2209 standards provide
recormmumended practices for the probe calibrations, including the performance charactenstics of
interest and methods by which to assesstheir affect. Al calibmtions f measurements performed meet
the fore mentioned standards.

3.1 LINEARITY

The ewvaluation of the lineanty was done in free space using the waveguide, performing a power
sweep to cover the BAR range 0.01%W g to 1007 g,

Page: 472

This docwse sinllnotbe repurduced, excepd i full orin pod, witfourthe wittesn opprowel of MG
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3.2 EEMEITIVITY

The sensitivity factors of the three dipoles were detenmined using a two step calibration method (air
and tizme dmulating liquid) using waveguides as outlined in the standards.

3.3 LOWEE DETECTIONLIWVIT

The lower detection limit was assessed using the same measuremment set up as used for the linearity
measuement. The required lower detection limit iz 10 mWig

34 I[E0TEOPY

The axial 1zotropy 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 checlzs. The probe was rotated along its main awis from 0 - 360 degrees in 15 degree
steps. The herrispherical izotropy is determined by inserting the probe in a thin plastic box filled
with tizsue-equivalent liquid, with the plastic bos ilhuminated with the fields from a hal f wawe dipole.
The dipdle is rotated about itz asmis (0°-180") in 15° increments. At each step the probe is rotated
about its axis (0360,

35 BOUNDARY FFFECT

The boundary effect iz defined as the deviation between the AR measured data and the expected
exzponential decay in the liquid when the probe iz onented nommal to the interface. To evaluate this
effect, the liquid filled flat phantomm iz exxposed to fields fom either a reference dipole or waveguide.
With the probe nortral to the phantom surface, the pealt spatial average SAR iz measured and
cormpared to the analytical walue at the surface.

4 MEASUREMENT UNCERT AINTY

The guidelines outlined in the [FEEE 1528, OET 65 Bulletin C, CENELEC EMN50361 and CELIEC
62209 standards were followed to generate the measwrement uncertainty azsociated with an E-field
probe calibration using the waveguide technigque. Al uncertairties listed below represent an
exzpanded uncertainty expressed at apprommately the 95% confidence lewvel using a coverage factor
ofl=d, traceable to the Intemationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysiz of the prob e c alibration inwareguid e
Uncertainiy Prohahility .. . Standard
EEREROR SOURCES value (%) Distrihution Divicor ci Une inuty (%)

Incident cr forerard power 30005 Rectanzular -\."3_ 1 1.7533%
Reflected power 3.0 Rectangular e -.,E— 1 1.732%
Liquid comductvity 50005 Rectanzular — '.,n"3_— 1 2887
Liquid penmithvity 4 .00 Rectangular -\."3_— 1 2.309%,
Field homoge reity 3.000% Rectangular VI 1 1.7302%
Field probe posibomng 50005 Rectanzular '.,n"3_ 1 2887
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Ficld pmbe linearity 3000 Rectangnlar ‘-.II’B_ 1.7533%
Comb ined standard uncertaindy 5831%
Expanded uncertainty 120%
Q5% corfidence level k= 2 ’

5 CALIBRATION MEASUREMENT RESULTS

Calibration P arameters

Ligquid Temperahire a1 °C
Lab Temperature a1 °C
Labh Hurmnidity 45 %
51 ZEMSITIVITY IM AR
Mortme: dipole | Mommy dipdle | Moz dipole
1 (UWACV Ay | 2 (WV A Ay | 3 (UVAR i)
0.91 0.65 0.73
DCP dipole 1 | DCP dipole 2 | DCE dipole 3
(r/ ) (1) (1T
91 a0 1]

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

E=\JE'+E’+E}

Calibration curves

9E8- T
il
00— -
p— _,:_,j".':"'
= 60- e
= il
T -
e :
i =]
200+ /,—-f
-4 \
00J 002 004 DOe 008 010 02 014 e 018 0.21
Walkage [V]
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52 LINEARITY

Linearity

1.00-
0.75~
050+
0251
0.00 - it
.25
50~
075~
.00+,
0

xr
r
F

Lireariby Errar [dB)

A0 100 151 200 /0 300 3R 400 450 dHIH
E-Field [+/m|

Linearity 0+/-1.82% (+/-0. 080 E|

53 EBEMBITIVITY N LIOUTD

Liquid Frequenc Penmnithivity Epsilon{S/m) ComF
{MH= +/-
1008 H =
HL 5200 5200 3644 4.79 213
BLS5200 5200 5070 511 231
HL 5400 5400 3599 451 a3l
BLHOO 5400 5001 584 243
HLS&00 Se0n 3523 518 135
BLSA00 Se00 4234 585 343
HL5:00 500 34.95 542 154
BLS200 500 42.54 623 139

LOWEER. DETECTION LIMIT: SmWikg
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54 [EOTEOPY

HL 5600 MHz
- Azmial isotropy: 0.06 dB
- Herri spherical isotropy 0.09 dB

ISrFOfry CunvEs

- -\_"\-_
1P ol I s 9
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6 LIST OF EQUIPMENT

Eguiprment Summary Sh

Equipment Manufarturer / Identification No Current Next Calbration
Descrip tion Model ‘| Calibration Date Daie
Flat P hantom MG S0 9-S A 71 alidated. Mo cal alidated. Mo cal
) ) equired. equired.
. alidated. Mo cal alidated. Mo cal
COMOSAR Test Bench Wersion 3 M 8 equired, equired.
Network Analyzer | FPOdE g‘vicm““ﬁrz SR 001 32 0202014 0202017
Feference Prohe WG EP 94 SM 37108 1042015 1042016
I Liltirm et er Keithley 2000 1188656 1202013 122016
Signal Generatar Agilent E 4438C P 43070551 1202013 122016
- Characterized prior to |[Characterized prior to
Am plifier Aethercomm =M 046 test. Mo cal required. |test. Mo cal required.
Power Meter HP E44154, 1538261 498 1202013 122016
P ower Sensor HP ECP-E2EA 5371 81460 1202013 122016
. . Characterized prior to |[Characterized prior to
Directional C oupler Marda 4218-20 01388 test. Mo cal required. |test. Mo cal required.
) . alidated. Mo cal alidated. Mo cal
Waveguide Mega Industries 0E9Y7-158-13-712 e nuired. equired.
Waveguide Transition | Mega Industries | 069Y7-158-13.701 [Paidated. Nocal alidated. Mo cal
equired. equired.
. - . alidated. Mo cal alidated. Mo cal
aveguide Termination| Mega Industries 0E9Y7-158-13-F 1 e nuired. equired.
Temperagt;fséf”m'd'w Cortrol Company 11-681-9 /2013 82016
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SHENZHEN, P.R. CHINA (POST CODE:518055)
MVG COMOSAR REFERENCE WAVEGUIDE

FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 15/15 WGA 39
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slration CENT ¥124§01

06/01/16

Summary:

This document presents the method and results from an accredited SAR reference waveguide
calibration performed in MVG 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 and CEI/IEC
62209 standards for reference waveguides 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 5000-6000 MHz REFERENCE WAVEGUIDE
Manufacturer MVG
Model SWG5500
Serial Number SN 15/15 WGA 39
Product Condition (new /used) | New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Waveguides are built in accordance to the IEEE 1528 and CEVIEC
62209 standards.

4 MEASUREMENT METHOD

The IEEE 1528 and CEI/IEC 62209 standards provide requirements for reference waveguides 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 waveguide used for SAR system validation measurements and checks must have a return loss of
-8 dB or better. The return loss measurement shall be performed with matching layer placed in the
open end of the waveguide, with the waveguide and matching layer in direct contact with the
phantom shell as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE 1528 and CEI/IEC 62209 standards specify the mechanical dimensions of the validation
waveguide, the specified dimensions are as shown in Section 6.2. Figure 1 shows how the
dimensions relate to the physical construction of the waveguide.
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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 and CEI/IEC 62209 standards were followed to generate
the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty
lg 203 %
10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS IN HEAD LIQUID

Frequency, MHz
5200 5300 5400 5500 5600 5700 5800 5300

S11.dB
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Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -20.48 -8 40.67 Q + 0.88 jQ
5400 -29.61 -8 51.98 Q +2.65 Q2
5600 -21.83 -8 55.68 Q+5.72 iQ
5800 -20.13 -8 52.53Q-947iQ

6.2 RETURN LOSS IN BODY LIQUID

5300

Frequency, MHz

5400 5500 5600

Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -19.63 -8 40.63 Q2 +4.36 iQ
5400 -29.39 -8 53.250Q-0.97iQ
5600 -21.71 -8 52.65Q+7.74iQ
5800 -18.78 -8 55.47 Q- 10.01 jQ2
6.3 MECHANICAL DIMENSIONS
¥ i L (mm) W (mm) _ Lt(mm) Wi (mm) ) T (mm)
_rcaulcih.t Require | Measure | Regquire Measure | Require | Measure Require Measure Require Measure
A d d d d d d d d d d
4039 20.19 81.03 + . 61.98 . ]
5200 0.13 PASS 0.13 PASS 0.13 PASS 0.13 PASS 53 PASS
4039 + 20.19 4 o 81.03 + 61.98 + 3 - e
5800 0.13 PASS 0.13 PASS 0.13 PASS 0.13 PASS 43 PASS

* The tolerance for the matching layer is included in the return loss measurement.
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Matching layer

Figure 1: Validation Waveguide Dimensions

7 VALIDATION MEASUREMENT

The IEEE Std. 1528 and CEI/IEC 62209 standards state that the system validation measurements
must be performed using a reference waveguide meeting the fore mentioned return loss and
mechanical dimension requirements. The validation measurement must be performed with the
matching layer placed in the open end of the waveguide, with the waveguide and matching layer in
direct contact with the phantom shell.

7.1 HEAD LIQUID MEASUREMENT

Fre:ﬂl:inw Relative permittivity (&) Conductivity (o) S/m
required measured required measured

5000 36.2 +10% 4.45 +10%
5100 36.1 210% 4.56 +10 %
5200 36.0 +10% PASS 4,66 +10% PASS
5300 35.9+10% 4.76 £10 %
5400 35.8+10% PASS 4.86 £10 % PASS
5500 35.6 £10% 4.97 £10 %
5600 35.5+10% PASS 5.07 £10% PASS
5700 35.4 +10% 5.17 +10 %
5800 35.3+10% PASS 5.27 +10% PASS
5900 35.2+10% 5.38+10%
6000 35.1+10% 5.48 +10%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

At those frequencies, the target SAR value can not be generic. Hereunder is the target SAR value
defined by MVG, within the uncertainty for the system validation. All SAR values are normalized
to 1 W net power. In bracket, the measured SAR is given with the used input power.
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mvGg

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liquid Head Liquid Values 5200 MHz: eps' :36.44 sigma : 4.79

Head Liquid Values 5400 MHz: eps' :35.99 sigma : 4.91
Head Liquid Values 5600 MHz: eps' :35.22 sigma : 5.18
Head Liquid Values 5800 MHz: eps' :34.95 sigma : 5.42
0 mm

Distance between dipole waveguide and liquid
Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution dx=4mm/dy=4m/dz=2mm
Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
required measured required measured
5200 159.00 156.62 (15.66) 56.90 54.60 (5.46)
5400 166.40 162.87 (16.29) 58.43 56.16 (5.62)
5600 173.80 173.15 (17.32) 59.97 59.20 (5.92)
5800 181.20 181.89 (18.19) 61.50 61.55 (6.16)
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SAR MEASUREMENT PLOTS @ 5200 MHz
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7.3 BODY LIQUID MEASUREMENT

Fre;n.:'le:w Relative permittivity (&) Conductivity (o) 5/m
required measured required measured

5200 49.0+10% PASS 5.30+10% PASS
5300 48.9110% 5.42 +10 %
5400 48.7 +10 % PASS 5.53+10% PASS
5500 48.6 +10 % 5.65+10 %
5600 485410 % PASS 5.77+10% PASS
5800 48.2£10 % PASS 6.00 £10 % PASS

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAMT71
Probe SN 18/11 EPG122
Liquid Body Liquid Values 5200 MHz: eps' :50.70 sigma : 5.11
Body Liquid Values 5400 MHz: eps' :50.01 sigma : 5.64
Body Liquid Values 5600 MHz: eps' :49.34 sigma : 5.85
Body Liquid Values 5800 MHz: eps' :48.54 sigma : 6.22
Distance between dipole waveguide and liquid 0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=4mm/dy=4m/dz=2mm
Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21°C
Lab Humidity 45 %
Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
measured measured
5200 158.81 (15.88) 56.11 (5.61)
5400 162.18 (16.22) 56.56 (5.66)
5600 168.73 (16.87) 58.11 (5.81)
5800 176.72 (17.67) 60.80 (6.08)
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'BODY SAR MEASUREMENT PLOTS @ 5800 MHz
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

e e P e

Flat Phantom MVG SN-20/09-SAM71 'f;:ﬁf;g“ Nocal :g:ﬂf;ﬁd Na ical

COMOSAR Test Bench|  Version 3 NA :’e:"jf;zd No:oal :’::ﬁf;ﬁd No ‘cal
Network Analyzer | Rhode g‘vic"wa"‘ SN100132 02/2014 02/2017
Calipers Carrera CALIPER-01 12/2013 12/2016
Reference Probe MVG EPG122 SN 18/11 10/2015 12/2016
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 12/2013 12/2016

pmoter | st | sois__|Cartent oy Cemerend e
Power Meter HP E4418A US38261498 12/2013 1212016
Power Sensor HP ECP-E26A US37181460 12/2013 1212016
LZT;::E%E;Q? Control Company 11-661-9 812013 8/2016

Page: 13/13

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

CCIC-SET/T-1 (00)

Page 152 of 158




(N

CIC
v Report No. SET2016-20884

<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.

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 1

Ch1  Start 735MHz
112003, 5:28 AM

Fr 0 dBm Stop 935 MHz

Trcl Smith Ref1U  Cal 1

a1

Chi Start 735 MHz Pwr 0dBm
112003, 5:30 AM

Stop 935 MHz
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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>

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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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 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

Trc dE Mag 10dB/ Ref0dE Cal

sH

-40

Ch1 Start 235GHz Pwr 0 dBm

1/1:2003, 1:02 AM

Stop 255 GHz

Smith Refil  Ca 1
e i
L o |
e A
o "\
7 N i
'/’ o
/
/ r
/ /
! H
| !
T
] II 0z
|
|
|
‘\
\\
=9 5
N,
h s 2
™05
P
1 Start 25GHz i ) d8m top H;
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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
i 511 g )
—1
L.y
-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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