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

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

[ Software OPENSAR V4 -
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
o e e = 1
Liquid Body Liquid Values: eps’ : 53.3 sigma : 1.51
Distance between dipole center and liquid 10.0 mm |
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution i dx=8mm/dy=8m/dz=5mm
Frequency 1800 MHz
Input power - o 20 dBm - -
Liquid Temperature 21 %C
Lab Temperature - 21 °C - -
Lab Humidity 45 %
( _———— .
F
‘ 'es":fz“c" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No. Current Next Calibration
Description Model Calibration Date Date
SAM Phantom Satimo SN-20/09-SAM71 m[‘]"?‘égd Rioal :’efl':j’:;zd No: ‘e
COMOSAR Test Bench Version 3 NA I\,;aq“g?;f’é‘ No cal :/e ac:ﬁféié' No cal
Network Analyzer | hode g‘vi"“wa'z SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 12/2013 12/2016
Reference Probe Satimo EPG122 SN 18/11 10/2013 10/2014
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 12/2013 12/2016
mpifer | potharconm | swoss | Characerzad pr o Cracerzed prior
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
Directional Coupler | Narda 4216-20 01386 g;f’ a&eggfﬁ’e:ﬂﬁgs g;f'a&egf:’egﬂﬁgé?
Li”;‘i’:i@“éfnasg? Control Company 11-661-9 8/2012 8/2015
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I INTRODUCTION

This document contuins a summary ol the requirements sel furth hy the TEEE 1528, OET 65 Bulletin
( and CENIEC 62209 standards for reference dipoles used for SAR measurement syster validations
and the measurements that were performed 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 SIDOM

Serial Number [ SN 0913 DIP1G900-218

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 uceordance (o the TEEE 1528, OET 65 Bulletin
C and CELIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only,

'I “- o . L {ji ; .g V4 = L1 u A 8
o 8 : % 0 ¥ L
RE-EEREEFE &

Figure 1 - Saitmo COMOSAR Validation r)fpt)i(’-
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4 MEASUREMENT METHOD
The [EEE 1528, OET 65 Buleun € und CLIILC 62200 sturdards provide requirements foor
reference dipoles used for system validation measurements, The ollowing measursments were
perfarmed to verify that the product complies with the fore menrioned standards.

4.l RETURN LOSS REQUIRCMENTS

The dipole used for SAR svstem validatior measuremnents and checks must have  return loss of -20
dB ar herter.  The retum loss measnrement sha'l be performed against a liquid lilled Tat plantom,
with the phantom constucted as vutlined in the fors menticned stardards.

4.2 MECHANICAL REQUIREMENTS
The IEEE Swd, 1328 and CELIEC 62209 standards specily the mechanical componenls 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 test hench comply with the requiraments set forth for a 2
tmum phantem shell tickness,

S MEASUREMENT LNCERTAINTY

All uncertainties histed below represent &n expandad uncemainty expressed ar approxiniately the 95%
confidence level using a covernge faclor of k 2. traceable w the [ntemationally Accepted Guides to
Measuremant Uncertainry.

5.1 RCTURN LOSS

The lollowing uncerluinties apply we the return loss measurement:

Expuanded Uncertainty on Return Loss

0.1 di

Frequency band
400-6000MF.2 i

52 DIMENSION MEASURCMENT

The following uncerlainties apply (o the dimension measurements:

| Length {(mm) Expanded Uncertainty on Length

| 1.-300

.05 mm

51 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC ENSG361 and CELEC
62209 standards were followec o gencrate the measwrement  uncertainty  for  validation

measurements,

Scan ¥olume Expanded Uncertainty

g NA %

1ng 20,1 %
-

U s oo died aed o by

bz redenored i ks s g ar wettn gt o SAT)
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN [ICAD LIQUID

|

Froquancy Mz
{
0 R0 140 00 1880 100 1920 10 1960 150 m’;."

‘. ab

‘ Frequency (Mllz) Return Loss (dB) chuiremenlﬁBl— | B lmpedance
190) -23.44 20 | 5540 s2i0
.2 RETURN T OSS AND IMPEDANCLE [N BODY LIQUILL

L KA LTS

Frequaney, M2
B0 M0 M0 WEE 1880 WD 1520 10 WD 1980 2000
; ! | . :

.dB
B o

.;.vl
o

¥

Frequency (Mllz) Return Loss (dB) | Requirement (dB) Impedance
1901 -27.36 : =20 SLTG 4450
3 MECHANICAL DIMENSIONS

Frequency Mz Lmm hmm dmm
required measJred required Measurad required measured
300 Q200 21 %, 250041 ¥ §.3511 %
451 2500:1% RCOVES B LELEIR
] PRLSNIES B 00=1% LOEVES B
335 | pLONIES B LR 35=1 %,
FPoge: 614

CORETRRTY
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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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250 524 k2|
1900 533 221
1000 638 257
0 .e;a.lru 651 75

73 BODY LIQUID MEASUREMENT

Fre:::;ncy Relative permittivity (r,°) Conductivity {a) S/m
required [ measured required measurad

150 51.5 25 % OHD L5 %
’ 300 SRI4EH 007 +5%

450 50415 % 0.4 15 %

750 5545 % 0.96 45 %

835 52459 097455

Q00 350125% 10515 %

915 106 +5 %

1450 13015 %

L61D 14045 %

1800

19200 PASS

2000 B

2100 16225 %

2450 055 %

2600

SU0U

3300 LLILE% 231-5%

3200 £I0+0% 520:10%
7;‘.3-}0 L85 10% 542 +10%

5400 440 120% 452 110%,
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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

Equipmant Summary Sheet

fea (g - 2ali
= anLonincLcapy7y  Yakiated. Nocal alidatad.
SAM Phantom Satme SN-20/0E-SAMTH required, equired
=y S
COMOSAR Test Bench Versier 3 NA vadeted ‘Nocel  plicaed. ~No--c)
required required.
o s, ‘arz ¥ 2
Network Analyzgr | 00% % SCIWAr SN100132 2202013 022016
Calipers Camsra CALIPER-01 122013 1272016
Referance Probe Satimo FPG12Z SN 1811 w2012 12014
Multimeter Keithley 2000 1188€56 12203 1212016
Signal GGeneraor Agllent E44380 MYLE0705H7 12203 12:2016
= ' . Characlerizad orior to Characterized pricr to
Amnl s 3]
Am pifier Aethercomm SN 046 test Nocalrequ ted. fest No cal requined
Poweer Mater HP E4418A US2az51498 1202013 12/2016
Powe’ Sensor HP ECP-F28A US37181460 12:2013 12/12016
= . Characterized prior to|Characterized prior 1o
Directiona! Coupler Narda 4216-20 01385 1es1 No ca¥ required. |fos!, No al required
Temperaturs and . i . . o
Humidily Sensor Contral Company 11 661 & R2G4Z 82015

Popgree L2007

oz o S ar g v e e woi o op 80040,

£ e S i o] wad o oad v
i veale e e wiheas wrien e ul SATAYD
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TESTING (SHENZHEN) CO., LTD
2 | ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
B TOWN
Rl SHENZHEN, P.R. CHINA (POST CODE:518055)
uia SATIMO COMOSAR REFERENCE DIPOLE
s & B FREQUENCY: 2450 MUIZ
. SERIAL NO.: SN 09/13 DIP2G450-220

i |

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

Summary:

performed in SATIMO USA vsing the COMOSAR. test beneh.  All calibration results are waccable

T, "m‘;" Iﬁs Fhis docament presents tre method and results from an aceredited SAR referznce dipole calibration
] 1 natonal metrology mstitutions
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1 INTRODUCTION

This document contains a suammary of the requirements set forth by the IEEE 1328, OE T 65 Bulletin
C and CELIEC 62209 standards for reference dipoles used for SAR measurcment system validations
and the measurements that were performed wovenly that the product complies with the fore

menlioned standards,

2 DEVICE UNDER TEST
Device Under Test
Device Type | COMOSAR 2450 M1z REFERENCE DIPOLE
Manutacturer Satimo
Model SID2450)
Serial Numher | SN 09713 DIP2GA5(-220)
Product Condition (new / used) | Used -

A yearly calibration interval i recommendaed

3 PRODUCT DESCRIPTION

3. GENCRAL INFORMATION

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

BE LR R
Figare | - Satimo COMOSAR Validation Dipole

|
. oE e R
B

Poagar: 34104

Tz clovwmeny sha!l mur e repvonfirosnd eacept bt or i o inilon B eniien apseomel o Y70,
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4 MEASUREMENT METHOD

The 1EEE 1528. OET 63 Bulletin C and CELFTEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measuremenls were
performed to verify that the product complies with the lore 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 lquid flled flat phantom,
with the phantom constucted as outlined in the fore menlioned standunds.

4.2 MECHANICAL REQUIREMENTS

The IEEE Sl 1328 and CEFIEC 62209 standards specify the mechanical components and
dimensions ol the validation dipoles, wita the dimensions frequency and phantom shcll thickness
dependent. ‘The COMOSAR test beneh employs & 2 mm phantom shell thickness therefore the
dipales 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 uneertaintics listed below represent an expanded uncertaingy expressed at approximately the 95%
confidence level using a coverage factor ol'k 2, traceable (o the Internationally Accepted Guides 1o
Mensuremen! Uncertainty,

S1  RITTURN LOSS

The following uncertainties apply w the return loss measurement:

Frequeney band Fxpanded Uncertainty on Return Loss

400-6000MT17 L1 dB

5.2 DIMENSION MEASUREMENT

The [Olloving uneerlainties apply W e dimension messuzments.

| Length (mm) Expanded Uncertainty on Length

3-300 £.05 mm

53 VALIDANTION MEASUREMENT

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

measurements,
l Scan Volume Expanded Uncertainty
| T2 303 %
10g 20.1 %

Page: 5i11
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6 CALIBRATION MEASUREMENT RESULTS

f.1  RETHRN LOSS AND IMPEDANCE IN [TEAD 1.IQUITD

Freguency Mz
X HN0 M40 2440 M50 248 292 2550

[~ |
j2:~ !
“ |

4 |

50- |
[ Frequeney (MHz) Return [ 88 (}l]R}V | Requirement (dB) Impedance
2450 -27.30 -20) 51.7Q+38jQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Fraoumncy, MHr J
2350 2180 400 M2D 244 4EQ 24BD 2500 2EO0 7.‘!}‘.1

Frequency (MHz) |  Return Loss (dB) Requirement (dB) | Tmpedance
2450 -27.56 -20 5431Q+409i0

6.3 MLCHANICATL DIMENSIONS

|
Frequency NMHz Lmm hmm dmm |
required measured required meaasured requirad measurad
30 420.0z1%. 250021 %, £A511%
450 290.2z1%. 1667 =1 %, E3A511 %
750 176.0=1%. 100C =1 %. B.A5 11 5%
815 16101 %, G9.311% 3.6 11 %,

Page: 611
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ara 149021 %, 83.3 =1 %. 361%
1450 85.1=1%. 517:1%, 36+1%
1500 8U.5=1%, LDA+1 %, 3641 %
1640 mO=1% a1, 26 11 %
1750 51, 42411 %, 2611 %
1800 2.0 41 %, 417 11 %, 1611%
1900 6o 1%, 25511 %, 3601 %
1954 663 1%, 305 11 %, 1611 % I
2000 64.5 -1 %, 375:1%, I6H1% |
le):;‘ 61.0 1%, 35.7 51 %. 3001 % :
2400 Shh 1% 32511 %, W61% | .
2450 51.5:-1% pASS 304:1%. PSS 1641% | PASS
2500 4901 708 £ %, WGk |
3000 414 1% [ 2sar1%. 31611 %
3500 17.0:1 %, 26.4£1%. 3611 %
30 39,01 %, 26411 %, 3611 %

7 YALIDATION MEASUREMENT

The ITCET S, 15328, ORT 65 Bulletin C and CEFIEC 62209 standards stale that the system
validation measurements must be pertormed using 2 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 below the botam of the phantom, with
the dipole length centered and parallel W the longest dimension ol the flat phantom, wdth the wp
surlace ol'the dipole at the described distance Trom the bottom surtace of the phantom.

7.1

HEAD LIQUID MEASUREMEN

Fre: ;:'ant\' Relative permittivity (.} Conductivity (o) S/m
required measured required measured
UL A4 th i LY ]
450 43515 % D875 %
258 41515 ¥ 0.89 15 %
43y 415145 % SE TP
Joc 41545% D47 %
1450 05 45 ¥ 12045 %
I w,“} a4 1h % 1.2315 %
1640 40.215% 1.3115%
1750 40115 % 13715%
1800 40.015 % LA015 %
1900 40.015% 14015 %
1950 40,015 3% 14045 %
2000 40.0 15 % LADL5 %
Pape !
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Rel” ACIR 240 ¢ 14 587TULA

2100 LE=5W 14945%
2300 355=5% 1AI+5%

2457 EEIEL ) PASS 18045 % FASS

2600 350=5% 19625 % l
3000 TR B ) 24045 % ‘
3500 9-5% 29145 % |

79
LA

SAR MEASUREMENT RESULT WITH HEAD LIQUID

The [EEF Sid. 15328 and CELTEC 62209 siandards state that the system validation measurements

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

2 mm), within the

uncerlainly for the system validation.  All SAR values are normalized w 1 W lorward power. Tn
hracker. the measured SAR is given with the used input power.

Soflwire
Phantom
Prahe
Liguic
Distance between d'pole center and liguid
Area sean resolution

Zaon Sean Resolution

Freqaency
Input pawer

10,0 m

: 20 EBm

OPENSAR VA

SN 20409 SAMTI

SN 1811 EPGI22

Head Liquid Values: eps’

dx=Rmm:dy=Rmm
dyu=Rmmedy=8midz=Smm
2450 Mz

390 sigrrac: LTY

|.iguid 21°C
Lab Temperatre 21°C
Lak Tlomidicy 15 %
m:“:f?""’ 1.5 SAR (W/kg/W) 10 g SAR (W kg/W]
réquired - measured required measured
300 285 194
450 458 1.06
tan 049 . . Dl
83c 49.56 ‘ : .22 ’
500 e | | 599
1450 29 16
15C0 05 168
1640 34.2 184
1750 364 193
1800 3z 201
1200 39.7 205
1950 105 7270.5
2000 412 2.1
2100 13.6 2.9
2300 - A8.7 211

VAR QAONUR LT I e b ey

ARSI I e G et
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2450 52.4 53.60(5.35) ) 23.7712.38|
2620 553 246

3000 538 25.7

3520 §7.1 5

-
7
1.2

Fre:::fe:wcy Relative permittivity {5’} Conductivity (o) S/m
required measured required mea;red

150 FLE1S % 0.80 15 %
3 G8.215% 0.9215% —
450 56.715% 09415%
750 55.515% 0.9615%
835 592 15% C.a7 15 % ]
900 55.015 % 1.05 15 %
uls 55.0 45 % 10615 %
145¢ 54.015% 1.3015%
1610 53E45% 14045%
18K} 53315% 1.5245%
1 KK} 53.315% 1.5215%
20040 53345% 1.5245%

2100 53.245% 16245 %
2450 52745% | PASS 1.9515% PASS
2600 52545% 2.1615%
3000 52.045% B 27315 %
3500 51.115% 33135%
5206 430=10% 530z10%
5300 489=10% 5.42=10%
5400 #7:10% | 553:10%

v

e e 2lyatt o G repveniaond dacvp i il e

r 0
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SE5£10%

S5T7 10X

5300 436 £10%
3600 13,5 £10 ¥
SR00 432 £10 %

600 £10 %

74 SAR MEASUREMENT RESLILT WITH BODY LIQUID

| St\i‘l:;'iu':

| Phiritom

_
Probe
Ligud
st
A

Zoon Scan Resolution

¢ between dipole center and liquid

roresnlution

Freguency
_I_nﬂ![jw:r-r-
_Ligu U Temperature
Lab Tempertiure

“Lab Hamn dity

OMENSAR V4

SN 2009 SAMT |

SN 1811 EPGI22

Body Liquid Values: eps’: 55.0sigma: 1.93
10.0 mm
dx=8mm:dy=8mm
dx=8mm/dy=8m:dz=5mm
2450 MHz

20 dBm

21°C

21 °C

45 %

m?:ew 1 g SAR (W/kg/w| 10 g SAR {W/ka/ W)
AHz
measured measured
2450 52.65 (5.27] 2373(2.37

" om
$ |
D

B e

g
420
3;,35\ :«—4— — et
T 60 :
\ i
] |
» |
-+ : :
VA~ ] \‘vﬁ—.‘ I
) 2 B A A Qe
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8 LISTOF EQUIPMENT
W ) = d e
8 ipment Mihuficture o |8 Cirrenit § | Nest €alibration
Bt AT e far NG iy
= P seription i il L1 I B B e (’al‘r;tgl\aliht a - Date = &
" i P Validated. No cal Malidated No cal
SAM Phantom Satimo SN-20/09-SAMT1 required. required.
; Malidated. No cal Malidated. No cal
COMOSAR Test Banch Varsion 3 ‘ N& required required
Network Analyzer 02 SWEIZ T aN100132 0212013 0212016
Calipers Carrera CALIPER-O1 122013 1252018
Refeserce Probe Satimo EPG122 SN 18111 | 1012013 10:2014
Mult meter Keithley 2000 1188656 1212013 1272018
Signal Generatar Agilert E4438C MY49070551 1202013 12:2018
o o |Cnaractenzed prior to |Characterzed prior to
Amplier Aethercomm SN 046 gtest. No cal required. [test No cal required
Power Meter HP E4418A US322614E8 1202013 12/2016
Power Sensor HP ECF-E26A US37181460 1202013 12/2016
i(harac‘on i cl or Lo
: L N4R.% [ terized prior to |Characterized prior te
e Narda 4216:2) 01306 |test. No cal required, [test Nao cal required
Temperatura and S €4 4 ’
Humidity Sensor | Control Company 11-661-9 82012 82015
Page: 1410
Vius Aasumen shall an e roprediced, ey ¥ Sl o oy, waasu de wein .;l;-.' 'JK\'.:.' -'.v,"Si THD,
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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
W,

NS
SN2

g =

’/@?‘} (ACCREDITED)

08/12/14

This document presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench. All calibration results are traceable
to national metrology institutions.
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Distribution : TESTING
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1 INTRODUCTION

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

mentioned standards.

~

DEVICE UNDER TEST

o o !

Device Under Test

Device Type COMOSAR 2600 MHz REFERENCE DIPOLE |
Manufacturer Satimo )
Model [ S1D2600 ]
Serial Number | SN 32/14 DIP2G600-338 8
| Product Condition (new / used) New e

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 CEI/IEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 — Satimo COMOSAR Validation Dipole

Page: 4/11
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4 MEASUREMENT METHOD

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

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom 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 %
10 g - 20.1%

Page: 5/11

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

CCIC-SET/T-I (00) Page 175 of 191




\-/ Report No. SET2016-22785

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

SATIMO

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency. MHz |
2500 2520 2540 2560 2580 2600 2620 2640 2660 2680 2700 |
| ) f ) |

=)

S11,d

45
50 -S— .

;irl"rcqucnc_\ (MHz) | ReturnLoss (dB) | Requirement(dB) |  Impedance
2600 -31.53 -20 51.3Q-23jQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz
2500 2520 2540 2560 2580 2600 2620 2640 2660 2680 2700
0 '

A
AR ———
7
25-
___40-
{ Frequency (MHz) Return Loss (dB) |  Requirement (dB) | Impedance
| 2600 2453 -20 | 45.0Q+32jQ

6.3 MECHANICAL DIMENSIONS

Frequency MHz } Lmm hmm dmm
required measured required measured required ‘ measured
[ e
300 420.0+1% 250.0 £1 %. 6.35+1% [
450 290.0 +1 % 166.7 +1 % 6.35+1% [
750 176.0 £1 % 100.0 £1 % 6.35+1%
‘[ 835 161.0+1% 89.8+1% ‘ 3.6+1%

Page: 6/11
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900 149.0 +1 %. oo 833 ;;677 — 737.6 ;i%
1450 89.1 +1 %. 51.7 +1 %. 3.6 +1%.
1500 80.5 +1 %. 50.0 +1 %. 3.641%.
1640 79.0 £1 %. 45.7 £1 %. 3.6 £1 %.
1750 75.2 1 %. 42.9 +1 %. 3.6 1 %.
1800 72.0 +1%. 41.7 £1 %. 3.6 1 %.
1900 68.0 +1 %. 39.5 +1 %, 3.641%.
1950 66.3 £1%. 38.5 +1 %. 3.641%.
2000 64.5 1 %. 37.5 1 %. 3.6 41 %.
2100 61.0 +1 %. 35.7 1 %. 3.6 1 %.
2300  55.541%, 32.6 41 %. 3.641%.
2450 51.5 1 %. 30.4 £1 %. 3.6 +1 %.
2600 | 485:1% PASS 28.8 +1%. PASS 3.6 +1 %. PASS
3000 41.5 +1 %. 25.0 +1%. 3.6 1 %.
3500 37.0+1 %. 26.4 £1 %. 3.611%.
I 3700 34.741 %. 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

F'e:ﬂ‘:fl“w Relative permittivity (g,") Conductivity (o) S/m
required measured required measured
300 453 45% 0.87+5%
450 43545% 0.87 +5%
750 41945% 0.89 5%
835 41545% 0.90 +5 %
900 41515% 0.97 £5%
1450 40.5 5% 1205 %
1500 404 5% 1.23+5%
1640 40.2 +5 % 13115% ]
1750 40.1+£5% 137£5%
1800 40.0 £5 % 14015%
1900 40.0 £5% 1.40 £5 %
1950 40.015% 14045%
2000 40.0£5% 1.4045%
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2100 39.845% 14915%

2300 39.545% 1.67 5%

2450 39.245% - 1.80 £5 9;. i

2600 39.045% 7F;A§S il lBé :5; PASS i

3000 38545% = 2.40 15 %V- T

350(; - 37945% 29145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the

uncertainty for the system validation.

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

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

OPENSAR V4

Software

“Phantom o B SN 20/09 SAM71 -
Probe SN 18/11 EPG122 =
Liquid Head Liquid Values: eps’ : 39.0 sigma : 1.95

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency

2600 MHz

Input power

20 dBm

Liquid Temperature 21°C
Lab Temperature 2] °C
45 ”0

__Lab Humidity

F'e;“:l"‘y 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 B 84; I - 5.55
835 9.56 6.22
900 109 6.99
1450 29 16
1500 30.5 16.8
[ 1640 34.2 184
1750 364 193
1800 384 20.1
i 1900 39.7 20.5
1950 40.5 209 e
2000 41.1 211
2100 43.6 219
2300 48.7 233
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3500

wn
~
o

wn
wn
w

56.19 (5.62)

67.1

T

BODY LIQUID MEASUREME!

[
l
]\

Ref: ACR
24
24.6 24.07 (2.41) |
25.7
25
\ !

224.1.14.SATUA

Fre:quHezncy Relative permittivity (g,") Conductivity (o) S/m ‘

- re(;uired l measured required [ measured 1

150 61.945 % 0.80+5% | \
300 58245% | 0.92 5% |
450 56.7 5 % \ 0.94 £5 % ‘
750 55.5 5 % 0.96 +5 % |
835 55.2 45 % 0.9745% '
900 55.035 % [ ' | 1.05:5% i
915 55.0 5 % ‘ [ 1.06+5%
1450 54045% | 1.30 45 %
1610 53.8 45 % - 1.40 +5 %
1800 | s3315% 1.52 5%
1900 53.3 45 % 1.52 5% e i
2()()(_)¥ 53.345% 1.52 45 %
2100 53.245% | 16245% -
;’_45() 52.7+5% 1.95 5 %

e 2600 52.5 5% PASS 21645 % PASS
3000 5205% | 27345 %
3500 51.345% 33145% |
5200 49.0 10 % " [ s30:10% |
5300 489 +10% 542+10% |
5400 487+10% | 5.53 +10 % |
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\ 5500 48.6 +10 % 5.65 +10 % ‘
’ 5600 48.5+10% 5.77 +10 %
1 1
‘ 5800 48.2 +10% 6.00 +10 % }

\v Software
1 Phantom
[ Probe
Liquid
| Distance between dipole center and liquid
" Arca scan resolution
Zoon Scan Resolution
| Frequency
| Input power
| Liquid Temperature
[ Lab Temperature
Lab Humidity

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

OPENSAR V4
SN 20/09 SAM71
SN I8/11 EPG122

Body Liquid Values: eps’: 52.4 .\i;l]\d :2.22
10.0 mm

dx=8mm/dy=8mm

dx=8mm/dy=8m/dz=5mm
2600 MHz [
20 dBm

21 °C
21
45 %

Xt ¥ s

F“’Sﬂ‘:f"“" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2600 57.55 (5.76) 24.86 (2.49)
= | B
\ ¢ ‘
| " | '
|
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LIST OF

EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
SAM Phantom satimo SN-20/09-SAM71 |/alidated. Nocal  Validated.  No cal
. [ required. required. L
| . Validated. Nocal  Malidated. No cal
COMOSAR Test BenchI Ver5|0f1 3 ) Né o  Fequired. ) irequired,
Network Analyzer | Rh°de§‘\/§°hwarz SN100132 02/2013 02/2016
\ i ;
Calipers ‘ Carrera CALIPER-01 12/2013 ‘ 12/2016
[ Characterized prior to |Characterized prior to
Reference Probe l 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
o s Characterized prior to |Characterized prior to
Ampiifier Awhmrcoinm S test. No cal required. test. 7N07carlwrequ1red.
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
. : Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 | 01386 test. N? Earlirequired. test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-9 8/2012 8/2015

Page: 11/11

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

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

Head 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -23.17 - 57.40 -
2016.08.27 -23.21 -0.92 58.19 0.79

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

Head 835MHz

Data>

Trel dBMag 10dB/ RefOdBE  Cal

511

1

-7

Ch1  Start 735 MHz
1/1/2003,12:23 AM

Pwr 0dBm

Stop 935 MHz

511

Tre Smith Ref 11U Cal

Ch1  Start 735 MHz

Pwir 0dBm

Stop 935 MHz
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Head 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -25.01 - 46.70 -
2016.08.27 -24.81 4.71 46.19 -0.51

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

Trel dBMag 10dB/ Ref0dB  Cal 1 Trel Smith - Ref 11U Cal 1
<11 S
1
-1
-7
Ch1  Start 1.7 GHz Pwir 0 dBm Stop 1.800000002 GHz
Ch1  Start 1.7 GHz Pwr 0dBm Stop 1.800000002 GHz
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Head 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -23.44 - 55.40 -
2016.08.27 -23.53 -2.05 54.15 -1.25

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

Trel dBMag 10dBf RefOdB  Cal

S
=1

Ch1  Start 18GHz Pwr 0 dBm

Stop 2 GHz

S

Tret Smith Ref1U  Cal

Ch1  Start 1.8 GHz

Pwr 0 dBm

Stop 2 GHz
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Head 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.50 - 51.70 -
2016.08.27 -26.88 15.35 53.22 152

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

Tred dBMag 10dB/ Ref0dE  Cal b ™ Smith Rer1U - Cel !

S11
SN

—1

Ch1  Start 2.35GHz Pwr 0 dBm Stop 2.55 GHz

Ch1  Start 235 GHz Pwr 0 dBm Stop 255 GHz
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Head 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.12 -31.53 - 51.30 -
2016.08.12 -30.98 13.50 51.16 -0.14

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

Tred dBMag 10dB/ RefOdBE  Cal

SN
—1

Ch1 Start 25GHz Pwr 0 dBm

Stop 2.7 GHz

S

Tred Smith Ref 17U Cal

Ch1  Start 25GHz

Stop 2.7 GHz
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Body 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -24.50 - 55.00 -
2016.08.27 -24.44 1.39 55.02 0.02

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>

Body 835MHz
Tre dEMag 10dB/ RefOdB  Cal 1 Trc1 Smith Ref1U  Cal 1
511 S11
—1
-1
F-7
Ch1  Start 735 MHz Pwr 0 dBm Stop 935 MHz Ch1  Start 735 MHz Pwr 0 cdBm Stop 935 MHz
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Body 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -26.43 - 45.80 -
2016.08.27 -26.47 -0.92 45.60 -0.20

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
®
Trel dEMag 10dB/f Ref0dB  Cal 1 Tred Smith Ref1U Cal ®i
11 ‘ ) : st
10
—o
F-10
f-20
F-30
f-40
F-50
- -80
-70
Ch1  Start 1.7 GHz Pwr 0 dBm Stop 1.800000002 GHz
Ch1  Start 1.7 GHz Pwr 0 dBm Stop 1.800000002 GHz
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Body 1900MHz
Date of
Return Loss (dB) Delta (%) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.36 - 51.70 -
2016.08.27 -27.28 1.86 51.72 0.02

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

Body 1900MHz

Data>

Trel dBMag 10dB/ Ref0dB  Cal

S
—1

Ch1  Start 1.8GHz

Pwr 0dBm

Stop 2 GHz

S11

Trel Smith  Ref1U  Cal

Ch1  Start 18GHz

Pwr 0 dBm

Stop 2GHz

CCIC-SET/T-I (00)

Page 189 of 191




)

CIC
\—J Report No. SET2016-22785
Body 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.56 - 54.30 -
2016.08.27 -26.83 18.30 53.83 -0.47

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
Trct dEMag 10dB/ Ref0dB  Cal 1 Tret Smith Ref1U  Cal 1
S S11

1

-1

Eap—

-7

Ch1  Start 2.35 GHz Pwr 0d3m Stop 2.55 GHz Ch1 Start 235GHz Pwr 0dBm Stop 2.55 GHz
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Body 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.12 -24.53 - 45.00 -
2016.08.12 -24.54 -0.23 45.26 0.26

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

<Dipole Verification Data>

in 5 ohm of prior

Body 2600MHz
Tret Smith Ref1U  Cal 1
Trc dBMag 10dB/ Ref0dB Cal 1 sn
S11
10
— 0
10
- -20
- -30
- -a0
I -50
- -60
Chl  Start 25GHz Pwr 0 dBm Stop 2.7 GHz
7o
Ch1  Start 25 GHz Pwir 0 dBm Stop 2.7 GHz

End of the Report

CCIC-SET/T-I (00)

Page 191 of 191




