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mvG SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.154.1.15.SATU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs 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 750 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID750
Serial Number SN 23/15 DIP 0G750-378
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 — MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEIVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEIIEC 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, FCC KDBs, CENELEC EN50361 and CEI/IEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %
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10g

20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

S11.d8

720

Frequency, MHz
740 760 780 800 820

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

750

-31.38

-20

51.9Q+1.9jQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

511, d8

Frequency, MHz
740 760

780 800 820 B408’50|

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

| lml;cdance

750 -24.86 -20 493Q+57jQ
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm hmm dmm
required measured required measured required measured
300 420.0 £1 %. 250.0 £1 %. 6.35_) +1 %. l
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450 290.0 +1 %. 166.7 +1 %. 6.35 £1 %.
750 176.0 +1 %. PASS 100.0 +1 %. PASS 6.35 1 %. PASS
835 161.0 £1 %. 89.8 +1%. 3.6 +1 %.
900 149.0 1 %. 83.3 +1%. 3.6 £1 %.
1450 89.1+1 % 51.7 +1 %. 3.6 +1 %.
1500 80.5 +1%. 50.0 £1 %. 3.6 41 %.
1640 79.0 41 %. 45.7 41 %. 3.641%.
1750 75.2 £1 %. 42.9 +1 %. 3.6 +1 %.
1800 72.041 % 41.7 £1 %. 3.6 +1%.
1900 68.0 11 %. 39.5 1 %. 3.6+1%.
1950 66.3 +1 %. 38.5 41 %. 3.6 +1 %.
2000 64.5 1 %. 37.5+1%. 3.6 %1 %.
2100 61.0 +1 % 35.7 +1 %. 3.6 +1%.
2300 55.5 +1 %. 32.6 11 %. 3.641%.
2450 515 +1%, 30.4 +1 %. 3.641%.
2600 485 +1%. 28.8 +1 %. 3.641%.
3000 415 +1%. 25.0 1 %. 3.641%.
3500 37.041%, 26.4 1 %. 3.61%.
3700 34.741 %, 26.4 1%, 3.641%.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEI/IEC 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";"::‘"’ Relative permittivity (/') Conductivity (o) S/m
required measured required measured
300 45315 % 0.87 5%
450 43515% 0.87 5%
750 41.945% PASS 0.8915% PASS
835 41515% 0.90 5%
900 41545% 0.97 £5%
1450 40515% 1.2045%
1500 40.4 45 % 1.2345%
1640 40245 % 13145%
1750 40115 % 1.3745%
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1800 40.0 15 % 1.4045%
1900 40.0 £5 % 1.4015%
1950 40.0£5% 1.40 £5 %
2000 40.0 5% 1.40 5%
2100 39.815% 1.49 5%
2300 39.55% 1.6745%
2450 39.25% 1.8045%
2600 39.045% 1965 %
3000 38.545% 2.40 5%
3500 37.945% 29145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Head Liquid Values: eps’ : 41.8 sigma : 0.90
Distance between dipole center and liquid 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 750 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
F
":n":z""‘ 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
750 8.49 8.67 (0.87) 5.55 5.73 (0.57)
835 9.56 6.22
900 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 342 18.4
1750 36.4 19.3
1800 38.4 20.1
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1900 38.7 20.5
1950 40.5 209
2000 41.1 211
2100 43.6 219
2300 48.7 233
2450 52.4 24
2600 55.3 246
3000 63.8 25.7
3500 67.1 25 i

/

l?'_\
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T % os
Jitais ] § q
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0 2 4 1ﬁl?lzli"'|:l B2 NEND
7.3 BODY LIQUID MEASUREMENT
Fre::::w Relative permittivity (&.’) Conductivity (o) S/m
required measured required measured
150 61.9 5% 0.80 +5 %
300 58.25% 0.9215%
450 56.745% 0.94 15 %
750 55.545 % PASS 0.96 £5 % PASS |
835 §5.25% 0.97 £5 %
900 55.0 45 % 1.05 5%
915 55015% | 1.0645 % Tl
1450 54.0 5% 1.3045%
1610 53.845 % 1.4015%
1800 53.315% 1525% |
1900 53.315% 1.52 5%
2000 53.315% 1.525%
2100 53.245% 1.62 45 %
2450 52.745% 1.95 45 %
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2600 525%5% 2.1615%
3000 52,045 % 2.7345%
3500 51.315% 33145%
5200 49.0 £10 % 5.30+10%
5300 48.9 +10% 5.42 +10%
5400 48.7 +10% 5.53 +10%
5500 48.6 110 % 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 SAMT71
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps’ : 56.3 sigma : 0.98
Distance between dipole center and liquid 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 750 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
e id 18 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
750 B.43 (0.84) 5.63 (0.56)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / ! Current Next Calibration
Description Model Idegisclchnion N Calibration Date Date
SAM Phantom MVG SN-20/09-SAM71 |Validated. No cal Validated. ~ No cal
required. required.
COMOSAR Test Bench Mmacy & ks Validated. Nocal  |Validated. ~ No call
required. required.
Network Analyzer | <09¢% SChWarz | gn100132 02/2013 02/2016
Calipers Carrera CALIPER-01 12/2013 12/2016
Reference Probe MVG EPG122 SN 18/11 10/2014 10/2015
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 12/2013 12/2016
’ Characterized prior to [Characterized prior to
Ampihisr Asthercomm SN 048 test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
Gl Characterized prior to |Characterized prior to
SimmcBuGnt Copiar P £210-20 01388 test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-9 8/2012 8/2015
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CCIC SOUTHERN ELECTRONIC PRODUCT

ELECTRONIC TESTING BUILDING, SHAHE ROAD, X1L1

SHENZHEN, IR, CHINA (POST CODE:515055)
SATIMO COMOSAR REFERENCE DIPOLE

1 his decument prezenrts the method and sesults feom an aceredined SAR reference dipels calibagion
performed in SATIMO USA wsing the COMOSAR wsr bench, All calibrution resuls are maccablz
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1 INTRODUCTION

This document conraing a summary of the requirements set forh by the TEEE 1328, OET 63 Bulletin
Cand CEUIES 6220% standards for reference dipoles usad for SAR messurement system validaions
and the messurements that were perlonned w0 verily that the produet complies with the fore

mentioned standards.

2 DEVICE UNDER TEST

Device Under Test
Device Tvpe COMOSAR 835 Mz REFERENCE DIPOLE |
Manufacturer Sulima
fedoclel SI08E35
Serigl hounber BN D13 DNPOGEIE-2LT
Produel Comdilion (new & usied) wed

A vearly calibration imterval 15 recommended,

3 PRODUCT DESCRIPTION

il GENERAL INFORMATION

satmo’s COMOSAR Validation Dipoles ane built in accordanee to the [EEE 15328, OET 63 Bulletin
Cand CENTEC 62209 standards,  The product 18 designed for use with the COMOSAR test bench
only.

| & »
M E B0 R

Figure 1 - Satitie COMOSAR Falidation Dipale
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4 MEASUREMENT METHOD

The IEEE [328. OET &5 Bullatin © sand CRELIEC 220K siamdards provide requirements for
reference dipoles vsed for swatem validation measurements. The [odlowing mepsurements were
performed to verify thil the product complies with the fore mentioned stancands.

4.1 RETURMN 1OSS RECLITREMENTS

The dipale used foe AR system validation measurements and checks must have s retun loss of =20
did or metter. ‘The retarn loss measurement shall be performed sgainst a lguid flled flat phantom,
with the phantom comsueied a3 oullined in the fre mentioned siamdards,

4.2 MECHANRICAL REQUIREMERTS

The TEFE Sub 1528 and CEFIEC 62209 sandacds specify the mechanical components and
dimensiores of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent.  [he COMOSAR fest bench employs o 7 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the reguirements sel fGorth lora 2
mm phantom shel] thickness.

5 MEASUREMENT UNCERTAINTY

All uncemainrics listed below represent an expanded uncertainty expressed nt approximately the 93%
confidence level vsing g coverage [etor alk 2, traceable o the Intemationally Accepled Guidas o
Megsurement Uncerlainiy,

5.1 RETURN LOSS
The Illowing uncertaintizs apply to the return 1oss measurement:
Frequency hand Expanded Uneertainty on Return Loss

A=A 2 0.1 dn

52 DIMENSION MEASUREMENT

Thae fllowing uneervaimizs apply @ e dimemsion messuremnents,

Length (i) E.:pande?l llncert;in_r}' on Length

3= 300 0.0% mm

33 NALIDATION MEASUREMEM |
The guidelines outlined in the [EEE 1528, OET &5 Bullein C, CENFLEC FNSO361 aml CETTEC

02209 spanderds were followed W00 generate  the messorement wmeerlaimly for validation

MEASUIEmEnts, —
Sean Yolume Expanded L neertainty
e 2.3 %%
[y | 20.1 %%

Fage: 311
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i CALTRRATION MEASUREMENT RESITLLTS

6] METLEN LOSS ANMD IMPMEDANCE [ HEAL LIS

Fregueney [HI_I.F.}
433

Freaquency, BiHz 1
B0 B0 H WD A

Fis

Leems il SR i wlilics  C ERSS

o 1
Return Loss (dB) Reguiremeni (d3) Impedance
-23.17 =20 ST40Q-02j0

6.2 BETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, M-z
TE TeD TFED  BDO BMY  S40 86D BEED SO0 00D G35

[aa} 1
20- i
® !
2 |
Frequency (MHz Keturn Loss (dB) Requirement (dB) Impedance
B33 -24.50 -2 0300
63 MECHARICAL DIMENSIONS
Frequency WH: L mm hmm dmm
reguired measured required mecasurad required measwred
300 420011 %. 250011 %, .35 =1 %,
A5D 230041 %, 156,711 %. 6.35 21 %,
750 176041 %, 10,042 %, .35 z1 %.
B35 161041 %, PASES FELEI Fa55 1611 %, PASE

Page: 0/
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Ref ACR2A0 L1 25ATL A

SATIMID
am a0 +1% BId=1% 4.4 11 %
1450 HE1 =1, 53.7:21% 3411 %
1800 AG 1 001, 16 £1 5%,
T5e B0, 45721% 3.6 £1 %,
1150 7 2a1m, 419:1% 16£l%
1800 T20=1% 41721% 3.6 £1 %,
T G602l %, HES=1% 3.5 1%,
T 1w 66321 %, B5=1% 3.5 £1 %,
2300 5=l 375:1% 3.6 £1 %.
2100 ALO=1% Ik 2.6 £1 %,
200 55521 WE=1% 16 £1 %,
2450 SLE=1% 0A4=1% 3.6 £1 %,
T 46521 % /BB 3.6 £1 %.
anan | arsatm /o=1n 15 £1 %,
1500 [ sram A% 3.6 £1 %.
[ am i 347=1% | mazw 2.6 £1 %,
T VALIDATION MEASUREMENT

Ll

HEAD LIQUID MEASUTREMENT

FTEEIII.II-E':I'IW Relative permittivity [1:7 Conductivity [u] 5
requined imeaskred requined measured

o 45.3:z3% OBT 5%
450 435:5% DLE? £5 %
7h0 419:=5% O.EI £5 %

LE d15z6% P55 0.81 15 % PAZE
&0 4155 % 0.57 5%
1450 dI5zh% 13315 %
1500 40425 % 1235 %
1540 -1:: 2z5% 131:5%
1750 40 1z5% 1375 %
i 1500 A0 =5 % 14125 %
190a ADQ 5% 1AT=5%
1950 400 5% 140z %
-1IJDC| A0 =5 % 14725 %

Poge. 777
St alraet T vt e Pepeiand, RaeE iR Bl ar 4 e, o ded e men annerael A VA

The 1ELEL Std. 1328, OET 63 Buolletin © and CEVIEC 02209 standards state thar the system
validation measurements must be performed vsing a reference dipole mecting the fore mentioned
return loss and mechanical dimension reguirements, The validation measurement must be perfommed
against 1 lguid [llad al phuntom, with the phantom constructed as outlined in the ore mentioned
standards. Per the standands, the dipode shall be positioned bwzlovey thie bottom of the phanoom. with
the dipole length centered and parallel to the lenpest dimension of the flar phamtom, with the top
aurface of the dipole at the deseribed distanee from the bortom surface of the phantom,
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SAR KEFERENCE DIFOLE CALIBRATICON REFOR]

Rol: ACRZ0 I MLIATILA

2100 J9.E15% LAD15 %
2300 . :|E|5.t-5'}i o -l G.F-:lEn X
P 39.215% Lan15 %
2500 . 39.015% LAB15 %
3000 3B.515% 240145 %
3500 37.815% 28115 %

SARMEASUREMENT BEESULT WITH HEAD LIOL 1D

[ Snftware

The IBEE Std. 1328 and CELIEC 62209 standards state that the sysem validation measurements
should produce the SAR values shown belew (for phantom thickness of 2 mm), within the
mnggrtannty for the svstem volidolion. ANl SAR wvalues ore normalived o | W foresard power, In
hrackes, the mensured SAR i= piven with the nsed inpur power.

CHENSAR ¥4

[ Phurnium B M EAMT
Proe SO EPGE2Z
Liguidd Heiiel Liguid Volies: eps’ ;42,3 sigmo - .02
Distaney between dipole center and Do 1510 mm
Aren sean resolution dx—gmm/dy-Emm
Locn Soin Resolition de—Bromedy-Emile - Smm
Fregquenyy 835 MHz
Inpil power R ET
L,i|_||_|'i;,‘| '!'-e-.rrrper.:lu'rn o 215
Lab Temperal e RTER
Lab Humedily - 45 24
FrT;; u 1 R SAR (W/lga/W| 10 g SAR {4l 1N}
required measured required me=asured
a2 FHa | P
450 454 ERE
a0 BAd 503
75 055 0,572 {0 .24 £.30 (263
Wi 0.9 549
1254 il 1B
15061 3ih.a Tha
16dd] 142 He
1750 164 193
1800 184 0.1
1aid a7 0.5
195a 40.5 0.8
2000 411 111
2100 43,5 1.9
2300 8.7 133

Poper bt

Thew efociomzm! SR wo D reprialinodss, SR am T o g et et e et e o S T
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SATIMIO

Ref: ACR2ELL 54018

2450 524 249
2620 533 LB
I B4R w7
3510 E7.1 4
T f Rl
'1!".;
| 4 [
1..'|\ I
s 31—
S o ﬁf‘x\k
- O g et
|"_. . . __...___‘:_ ™ T -
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SID1800 Dipole Calibration Certificate

SATIMO

The microwave vision company

SAR Reference Dipole Calibration Report

Ref: ACR.240.3.14.SATU.A

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

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

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

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

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

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench. All calibration results are traceable
to national metrology institutions.
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1 INTRODUCTION
This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEV/IEC 62209 standards for reference dipoles used for SAR measurement system validations

and the measurements that were performed to verify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type [ COMOSAR 1800 MHz REFERENCE DIPOLE
| Manufacturer Satimo
Model SID1800
| Serial Number SN 09/13 DIP1G800-216

Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

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

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

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

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

6.1

CALIBRATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

811, dB

Frequency, MHz

1720

1740 1760

1780

1800 1820 1840 136D

1880

1900

Frt_zqqgnc_v (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

1800 -25.01 -20 46.7 Q2+ 4.5 iQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency, MHz
700 1740 1760 71780 1800 1820 1840 1360 1880 1900

811, dB

1720

‘IE_

Frequency (MHz)

Return Loss (dB)

_Requirement (dB)

-_Impcdance_

1800 -26.43 -20 458 Q+1.31Q
6.3 MECHANICAL DIMENSIONS
Frequency MHz . Lmm h mm d mm
required measured required measured required measured
300 420.0 +1 %. 250.0 +1 %. 6.35 +1 %.
450 290.0 £1 %. 166.7 +1 %. 6.35 +1 %.
750 176.0 £1 %. 100.0 £1 %. 6.35 +1 %.
835 161.0 £1 %. 89.8 +1 %. 3.611%.

;'"u‘_ﬂn’.' 6/11
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900 149.0 £1 %. 83.3 1 %. 3.6 +1%.
1450 89.141%. 51.7 1 %. 3.61%.
1500 80.5 +1 %. 50.0 +1 %. 3.6+1%.
1640 79.0 +1 %. 45.7 £1 %. 3.61%.
1750 75.2 #1 %. 42.9 +1 %. 3.611%.
1800 72.0 41 %. PASS 41.7 £1 %, PASS 3.6+1%. PASS
1900 68.0 +1 %. 39.5 1 %. 3.641%.
1950 66.3 1 %. 38.5 1 %. 3.611%.
2000 64.5 +1 %, 37.5 +1%. 3.6+1%.
2100 61.0 1 %. 35.7 £1%. 361 %,
2300 55.5 £1 %. 32,6 +1 %. 3.61%.
2450 51.5 +1 %. 30.4 1 %. 3.611%.
2600 48.5 1 %. 28.8 +1 %. 3.6 +1 %.
3000 41.5 +1 %. 25.0 £1 %. 3.611%.
3500 37.0£1 %. 26.4 £1 %. 3.641%.
3700 34.7¢1 %. 26.4 £1 %, 3.641%,

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CEIVIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
return loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned
standards. Per the standards, the dipole shall be positioned below the bottom of the phantom, with
the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.

7.1  HEAD LIQUID MEASUREMENT

Fre:d:eznq Relative permittivity (&,') Conductivity (o) S/m
required measured required measured
300 453 5% 0.8715%
450 43.5 5% 0.87 +5%
750 41915 % 0.89 £5 %
835 41.545% 0.90 5 %
900 415+5% 097 £5%
1450 40.5+5% 12045 %
1500 404 £5% 1231+5%
1640 40.2+5% 13115%
1750 40.15% 13745%
1800 40.0+5 % PASS 14015 % PASS
1900 40.0 5 % 14045 %
1950 40.0 5 % 14045 %
2000 40.0 £5 % 1.40 5%
Page: 7/11
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2100 39845 % 1.4945%
2300 39.545 % 1.67+5%
2450 39.245% 1.80+5%
2600 39.0+5% 196 5%
3000 38545 % 2405 %
3500 37945% 2911+5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1| W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liquid Head Liquid Values: eps’ : 41.3 sigma : 1.38

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 21.°C
Lab Temperature 21°C
Lab Humidity 45 %
Fre:n':fz"q' 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
750 8.49 5.55
835 9.56 6.22
500 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 342 18.4
1750 36.4 19.3
1800 384 38.67 (3.87) 20.1 20.30 (2.03)
1900 39.7 20.5
1950 40.5 209
2000 41.1 211
2100 43.6 21.9
2300 48.7 23.3
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2450 52.4 24 'i
2600 55.3 24.6 |
3000 63.8 25.7
3500 67.1 25
i ol ‘
on . [
| k¢
s '?IEI.I \~\
- e N,
L1 % 3100
| . - N
) ] 1 |[ ho s =]
7 P u.-ieu1'c|:1:||F;1e:u3':.-‘43639i3
7.3 BODY LIQUID MEASUREMENT
F [ ‘
re:ﬂuHezncy Relative permittivity (g,’) Conductivity (o) S/m
required measured required measured
150 61.9 5 % 0.80 5 %
300 58.2 5 % 0.92+5%
450 56.7 5 % 0.94 5 %
750 55.5 5 % | 0.96+5%
835 55.2 +5 % [ 097:5%
900 55.0 5 % 1.05 +5 %
915 55.0 5 % 1.06 +5 %
1450 54.0 5 % 13015 %
1610 53.845 % 1.40 45 %
1800 53.345% PASS 1.52 5% PASS
1900 53.3 45 % 1.52 5%
2000 53.3+5% 1.52 +5 %
2100 53.2 5% 1.62 +5 %
2450 52.7 +5 % 1.95 +5 %
2600 52.5 +5 % 2.16+5%
3000 52.045 % 2.7345%
3500 51.3+5% 331145%
5200 49.0 +10 % 5.30 410 %
5300 489 +10% 5.42 +10 %
5400 48.7 +10% 5.53+10%

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

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

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

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution
Frequency

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

1800 MHz

Input power B N 20 dBm

Liquid Temperature 21 7€

Lab Temperature 21°C -
Lab Humidity 45 %

1 g SAR (W/kg/W)

10 g SAR (W/kg/W)

[ Frequency

I MHz -

| measured measured

‘ 1800 40.07 (4.01) 21.27 (2.13)

B T

Gl s ey

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

Equipment Summary Sheet

Eoipmnt | Nantar ot | et oo
SAM Phantom Satimo SN-20/09-SAM71 :’;:ﬁféﬁd No cal :;E:"'L‘:fézd No cal
COMOSAR Test Bench|  Version 3 NA :Laq'{i’,?éﬁd Nocal ?L?,'E’.féid No cal
Network Analyzer | \od€ % Schwarz SN100132 0212013 0212016
—— Carrera CALIPER-01 1212013 12/2016
Reference Probe Satimo EPG122 SN 18/11 10/2013 10/2014
Multimeter Keithley 2000 1188656 1212013 122016
Signal Generator | Agilent E4438C MY49070581 12/2013 12/2016
ampiter | petvarcomm | sodp | Cherectrized prir o Characered rr o
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
Directional Coupler Narda 4216-20 01386 ig?raﬁgeg??es:ﬁ;? ?egiraﬁgeggffegzﬁ;g
Temperature and | ) Company 11-661-9 8/2012 8/2015

Humidity Sensor
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SAR Reference Dipole Calibration Report

Ref: ACR.240.4.14.5ATU.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: 1900 MHZ
SERIAL NO.: SN 0913 DIP1GY00-218

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

1 INTRODUCTI(N

This document contwins o summary ol the regquirements sel forih by the TEEE 1328, OET 45 Bulletin
and CEFIEC 62209 standards tor reference dipoles wsed for SAR measurement svstern validations
and the messurcments that wers performed to worify that the product complies with the fore

mirtione] slandurds.

2 DEVICE UNDER TEST
Device Under Test
Device Tvpe [ COMOSAR 1900 MHz REFERENCE DIPOLE
Mhanutacturar Salimg
M iicde] SITH EHNY
Serial Mumber L SN 03 THPTG900-2 T8 ]
Product Condition (new ¢ used) Lzed

Acyearly calibration interval is recommendedd.

3 FRODLCT DESCRIFTICN

LR CEWERAL [INFORMATION

Satimo’s COMOSAR Validatien Dimoles are buill in seeordance (o the TEEE 1528, OET 65 Bulletin
L oand CEVIEC 6220% standards. The product is designed for use with the COMOSAR st bench
only,

? -IH.. ! ! Emzllu.:tjl N
Figure 1 - Saiimn COMOSAR Validaion Dipole

Pame: 4751
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4 MEASLREMENT METHOL
The IEEE 1528 OCT &3 Buletn © und CLUVIEC 62200 stundard= provide requircments o
reference dipeles used for system validation measuraments,  The llowing messurements were
pertemmed to verify thar the preduct complios with the fore menrioned standarsds.

4.1 BETLURM LOSS RECUIIREMENTS

The dipole used foe SAR svstern validalon measurenisnts and checks must have o retum loss of -20
dB ar herrer, The retum loss measarement shatl be performed againat a liguid Hlled Dan plantom,
with the phantom constucted us outlined in the fore mentened stardards.

4.2 MECHANK'AL REOLIREMENTS

The IEEE Sud, 1325 and CEIIED 62209 standasds specily the mechancal components and
dimensions of the velidaton dipoles, with the dimensions fregueney and phantom shall thickness
dependert, The COMOSAR test bench emplovs a 2 mm phunbom shell thickness theretore the
dipeles sood for use wity D COMOSAR 1esr bench eomply with the requicsments sef faeth for o 2
v phanton shell thickness,

5 MEASUREMENT LANCERTAINTY

All uneertamniics listed below represent an expandsd uncermainty expressed ar approsiniately the 95%
canlidenes level ysing a covernpe Gctor ol b 20 tracesble w the Indemationally Accepted Cuides to
Mleasuremaent |Incortainmy.

3.1 RETURN LOSS

Thie [ollowing uncerluinties apply o the retum loss measarement:

Frequency band Expanded Uncertainiy on Heturn Loss
A00-6000ME e ! 0.1 dis

32 DIMENSION MEASURLMEM [

The follewing uncerluinties apply in the dimension measurcmenis;

| Length {mm}) Expanded Uneertainty on Length

| 3300 005 mn

271 VALIDATION MEASLIREMENT

The guidalines outlined in the ICEE 1528, OLT 63 Bulletn C, CENBLEC EM30361 and {FITEC
G220 atendands were  followed m gencrare the measwement  wvoceclainty  for validution
mr s e,

Scan Yolume Fxpanded Uncertainty
g 03T
Mg a0
e 43
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6 CALIBRATION MEASUREMENT RESULTS

0.1 RETURMN LOSS AND IMPEDANCE [N [ICAD LIQLIE

requancy. Mis
i BT = o R

| F'rcq meney [.}']llﬁ:l Keturn Luss {d13) Hequirﬁmemﬁm -

| 14941 -23.44 20

2 RETURNTOSS ANT IMPEDANCE [N BOLDY LIGUID

Frequaney, M-z
ME Mo B

s

h=d

o

1880 1200 190 B0 1S8R0 150 H!-'.-'|

Lipedance

10 WD 1520 150 R0 TH30  PODE

Sa40) + 20

Fregueney (MITe) Hetarn Lioss {dB]_' ) -Ilnquirmnmll A}

Impedance

14904 -27.36 B -2

0.3 MECHANICAL DIMENSINS

| 570 d4jo

Frequercy Miz Lmm hoimn dmm
requined measured requirad (BT | required measured
4 qA00 11 M PR RS FREE S --N
451 el ) 66T 41H, LELEIRY
FA | 1fcdzl & NI Dahil®
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£ 11k} 142,17 #1 K. ._ LEEEIN B 36+ .
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=kl FAO=1% FAGE 0.5 21 K, [ TE+ H
b B Lt zls 15511 5, ZbL1l A
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.'ﬁ;EI.'l.'I 41,5 #1 5, | RO R IG=1%

. IE00 1% L4Ll% FdE=1% [ |
P -1 [ mazm | e

7 VALIDATION MEASLREMENT

Taz ILLL 814, 1528, OFT 63 Bulletin C and CEFIBC 62309 slumlunds state that the system
yalidation measurcments must be performed using a reference dipole meeting the fore mentivned
rerurn loss and mechanica) dimension reguirernents, The validation mesuremnent must be peviormed
wpwinst a liguid filled ful phantom, with the phantem construcled as cutlined in the forne mentioned
erandards. Per the standards, the dipnle shall be positivned below the botiom of the phantom, with
the dipole lengih centered and parallel to the Jongest dimension al the Tae phantom, with the top
surface of the dipels at the deseribed distance tfom the bottom surface of the phaniem.

1 HEAT DICEN MEASUREMENT

H?:T:w Toeslative g miittisity [7,") Candustivity [a}5/m
. Teijuirad mieasured reguired migasJred
30 | anzmw 087455
L850 235 15 % B OHT 4E %
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115 aLEasy o= ]
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230 1515 % i LET=3 5
R0 1245 R LED=%
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| LAt b w diale cecmer ard Tiquid

T2 BAR MEASURENEST RESULT WITILHEAD LIOTHT

e TEEE Sul 1528 and CLETLC 6220% saodacds state thar the system salidartion measurements
should prodluce the SAR walies shown helow [for phantom thickness of 2 omm), within the
uncertainey for the svstem validation.  All SAR values are gomnalized o | W forwaed power, i
bruckel, the measured SAR is given with the used input poaer,
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13 BODY LIQUIY MEASUREMENT
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