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Appendix C: Probe Calibration Certificate

COMOSAR E-Field Probe Calibration Report

Ref: ACR.156.1,15.SATU A

SHENZHEN TONGCE TESTING LAB.
1F,LEINUO WATCH BUILDING, FUYONG TOWN,
BAOAN DIST, SHENZHEN, CHINA
MVG COMOSAR DOSIMETRIC E-FIELD PROBE

SERIATL NO).: SN 07/15 EP148

Calibrated at MVYG TS
ZL0E Bavrett Park Dir. - Kennesaw, GA 30144
e, }:' i'; ',

Haf:zm
“Q\H.* |AJ:'C?!EDJTED]

"-".rr“ o

Calibration Darte: 05/11/2015

Sinnwaye

Thiz document pressniz the methed and resuits fram an acoredized COMDSAT Dusimeli E-Fidd
Brobe callbreton pecfoened in MVG USA nsing the CALISAR / CALIBAIR ‘est bench, for use
with a COMOSAR syster: ouly.  All colibeation results are tacenble ‘o naticnal rictrobagy
instituiioms,
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COMOSAR E-FIELD FROBE CALIDRATION REFORT Rell ACR.155.1.155A7L.A
I Name Funztion Lare Signitine
Prepored by : Terdme L1C Product Manager | 6/5/2015 J5
Checied by : Jérdme LUIC Product Manage: 6/5/2015 ;,3:{'5#
Appreved by : Kim RUTKOWSK] Qual ity Manager 6/3/2015 o Fupthaeihi

Customar Mams

Shenzhen Tongee ¢
Testing Lab.

Ovsfrilidsonr |

Tsaiee  Dhare JAedtflcanons
A 6502013 Iniiial release o
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COMOSAR E-FIELD PROBE CALIERATION REPORT

Report No.: TCT160104E006

BeF ACE 156113 SATLLA

1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model S8E5
Serial Number SN 07/15 EP248 ]
| Product Condition (new / used) New ]
Frequency Range of Probe N 0.45 GHz-3GHz -
Resistance of Three Dipoles at Conneetor | Dipole 1: R1=0.180 M
Dipole 2: R2=0.191 M2
Dipole 3: R3=0.179 ML2

A yearly calibration interval is recommended,

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATIOMN

MVG's COMOSAR E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C and
CEVIEC 62200 standards.

Figure 1 — MVG COMOSAR Dosimetvie E field Dipole

Probe Length 330 mm i

Length of Individual Dipoles 4.5 mm

Maximum external diameter 8 mm =
| Probe Tip Extemal Diameter 5 mm B
| Distance between dipoles / probe extremity | 2.7 mm )

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEMIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance characteristics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

EN EARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01'W/kg to 100W/kg.

Page: 419
This document sl et be repradvuced, except i fill or fa past, witliow! Nee sritien appraval af WG
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32 SENSITIVITY
The sensitivity factars of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.

33 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as used for the linearity
measurement. The required lower detection limit is 10 mW/kg.

34 ISOTROPY

The axial isotropy 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 checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave dipole.
The dipole is rotated about its axis (0°~180°) in 15° increments. At each step the probe is rotated
about its axis (0°-360),

3.5 BOUNDARY EFFECT

The boundary effeet is defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal to the interface. To evaluate this
effect, the liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR is measured and
compared Lo the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CELIEC
62209 standards were followed to generate the measurement uncerfainty associated with an E-field
probe calibration using the waveguide technique. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 95% confidence level using a coverage factor
of k=2, traccable to the Internationally Accepted Guides to Measurement Uncertainty.

Uneertainty analysis of the probe ealibration in wavegnide

. ' Unecertainty FPrabability Standard
FRMOR SIURCES i value (%) Distributian i i Uncertainly (%)
Incident or forward power 3.00% Rectangular J3 1 1.732%
Reflected power 3.00% Rectangular | —— /3 — 1 1.732%
Liguid conductivity 5.00% Reclangular | —— 43 - | 2.887%
Liquid permittivity 4.00% Rectangular —— -g':'-’, - 1 2.30%%
Field hamogensity 3.00% Rectanpular —si3— | 1.732%
- W] 15
Ficld probe positioning 5.00% Rectangular W3 | 1 2. B87%
Page: 59
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COMOSAR E-FIELD PROBE CALIDRATION REFORT Rell ACR156.1.15 84T A
Field probe linearity 3.00% Rectangular J3 I 1 1.732%
Combined standard uneertaingy ; —1 5.831%
Expanded uncertalnfy
9% % confidence level k=2 12.0%

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21°C |
| Lab Temperature 21 |
Lab Humidity 45 %

5.1  BENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
L QuVAVI)®) | 2 (uVACVIm)®) | 3 (uVI(Vim)?)
6.91 7.46 0.48

'DCP dipole 1 | DCP dipole 2 | DCP dipole 3
{mV) (mV) (mV)
97 93 94

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

E=E*+E+E}

Calibration curves
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COMOSAR E-FIELD PROBE CALIDRATION REPORT Ref: ACH 1561 125ATU A
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5.3 SENSITIVITY IN LIQUID

Liquid Erequengy | Permittivity | Epsilon (S/m) ConvF
(MHz +-

L 100MHz)
HL450 450 43.68 0.87 529
BL450 450 58.34 0.99 543
HL750 750 41.82 0.90 4.74
BL750 750 56,28 0.93 485 |
HL&50 435 42.59 090 5.08

| BL&sD 835 5319 0.97 5.22
HL500 500 | 42.05 0.98 482
BL900 | 000 | &pal 1,08 499 |

 HLIE@D 1800 41,83 1.38 421
BL1800 1800 53.00 a2 4.33
HL 1900 1900 4038 | 14l 4.86

 BLI%0O 1900 — s 1.55 505
HL2000 2000 40.12 145 437

| BL3000 2000 53.65 1.54 151 |
HL2450 2450 | 3834 180 — 431 |
BLMS0 | 2450 52.70 194 4.36

__ HL2600 2600 ; 3816 7 418 |

| Braeoo | 2600 | 51.%% 221 | aal

LOWER DETECTION LIMIT: 7mW/kg
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54 ISOTROPY

HL900 MHz
- Axial isatropy: 0.04 dB
- Hemispherical isotropy: 0.05 dB
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6 LIST OF CQUIPMENT

Equipment Summary Sheet

EAsgm 5 st el v Lot O G
Flat Phantom MVG SN-20/08-SAMT1 E;f:iﬂf:;‘f" No-cel :;a;[ﬂf;f" No  call
COMOSAR Test Bench|  Version 3 NA Eﬂ[ﬂ?&ﬂf" N E&Erﬂ:ﬁ Mg cal
Network Analyzer | Tode & Bchwarz SN100132 0212013 0212016
Feference Proba MVG EP 94 SN 37/08 102014 10472015
B Multimeter Keithley 2000 1188656 122013 1272016
Signal Generatar Agllant E4438C MY49070581 1202013 12/20186
Amplifier Aethercomm SN 048 gﬁmﬁ:ﬂe:;figm :f' Eﬂﬁmﬁiﬂ;lﬂ;ﬂeﬂﬁ?
Power Meter HF E44184 US3R261458 12/2013 1272018
(i . St
Power Sensar HF ECP-E28A US3T181460 1272013 1212018
Directional Coupler | Marda 4216-20 01386 :i';f'a,ﬁ;“z:f‘fmm:f ﬁﬁm&aﬁ;mﬁ;ﬁ?
Waveguide Mega Industries | 088Y7-158-13-712 fﬂﬁﬁd hada :ﬁ::ﬁmﬂ Mgt
Waveguide Transition | Mega Industries | 089Y7-158-13-701 Eﬁﬁd b ol :';Hulrilﬂ?;?' N calu
Waveguide Termination| Mega Industries | 069Y7-158-13-701 mﬁf" No cal :ﬁ:iﬂf;ﬂ'fi' A
Temperature ! Humidity| ¢oneol Company 11-861-8 8/2012 812015
Sensor
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Appendix D: Dipole Calibration Report
SID835

SAR Reference Dipole Calibration Report

Ref: ACR.156.4.15.5ATU.A

SHENZHEN TONGCE TESTING LAB.
1F.LEINUO WATCH BUILDING, FUYONG TOWN,
EAOAN DIST, SHENZHEN, CHINA
MVG COMOSAR REFRRENCE DIPOLE

FREQUENCY: 835 MHZ
SERIAL NO.: SN 16/15 DIP 0G835-3569

Calibrated at MVG TS

2105 Barrett Park Dr, - Eenncsaw, GA 20144

Sunamare:

This docament presents the msthod and results from an acoredited SAR reference dipole calibiation
pertoomed 0 MYV USA nang the COMUSAR test benck  All salivranon resilis are traceable to

metional metalsgy instituhona,
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Distrbotion: : EI'EE. 2N 1 angece
T=sting Lab
Iszue Date Modifications
A &3 015 [mutial release

rager LIl

Tals dacumenr hatl mar be reproduced, axcenr m AT ar i pary, withour i wrimen apewova) af NG

Tar pRovmaiion corraimad ferai iz i be vred sl for e purpene e witieh 17 5 sebmimed and & mor fa
Ev redwrand i volsaly o gant adiheur vetimen appred of MTT

Page 48 of 67
Hotline: 400-6611-140  Tel: 86-755-27673339  Fax: 86-755-27673332  http.//www.tct-lab.com




I C I Report No.: TCT160104E006

SAR REFERENCE DIPOLE CALIBRATION REFORT Fef ACE.19641554TUA

TABLE OF CONTENTS

N & s s 1T e o 4
Drevice Thnder Taer: o i Sl st osnasnd
F oAk R ENPEON s s s e ol

O8]

ER | General Information 4
4 Measurement Method ... i

41  Retwn Loss Requirements 3

42 Mechanical Requirements 3
5 Measmrement Lo e iy 5

= | Return Loss 3

32 Dimension Measurement 3

53 Valhdaton Measurement 5
6 Calibration Measurement Results .. ..o 6

6.1 Femun Loss and Impedance In Head Liguid

6.2  Retwn Loss and Impedance In Body Luquad

6.3 Mechameal Dimensions
T Validation measvremmusnt ...

71 Head Liguid Measurement

7.2 SAR Measurement Result With Head Ligud

7.3 Bedy Ligud Measurement

7.4 SAR Measurement Besult With Body Liguad 10

& CEAe ol EeDuenE | e oss tanee e ko i e bbb s s SR s e e s 11

Fage: 311

This docuway shall mor be raproduced], axeapr o Ll ar im pary, witkaur the wrarsm approval gf MG,
Thoe irpfermecation comreined frevein iz ro be wred onle for the purproce for wivich it iz suboitred and &2 mar po
b relvazed i whale or part withowt wrirsm suproval f MG

Page 49 of 67

Hotline: 400-6611-140 _ Tel: 86-755-27673339  Fax: 86-755-27673332 _http.//www.tct-lab.com




I C I Report No.: TCT160104E006

SAR REFERENCE DIPOLE CALIBRATION REPORT Bef: ACE.136.4 15 5ATUA

1 INTRODUCTION

This document contains a sununary of the requirements set forth by the IEEE 15328, FCC EDBs and
CELIEC 62209 standards for reference dipoles used for SAR measurement system valdations 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 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDE3S
Senal Mumber SN 16015 DIP 0GE35-369
Product Condition (new / used) Mew

A vearly calibrarion interval 15 recommended.

3 FRODUCT DESCRIPTION

il GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are bmlt i accordance to the IEEE 1528, FOCU KDBs and
CELTEC 62209 standards. The produet is designed for vse with the COMOSAR. tesr bench only.

Figure 1 — WG COMOSAR Validation Dipola

Page, 411
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KEDBs and CELIEC 62209 sandards provide requirements for reference
dipoles used for svstem validation measurements. The following measurements were performed o
verify that the product complies with the fore mentioned srandards.

41 BRETUBNILOSS REQUIREMENTS

The dipole used for SAR system validanon measurements and checks must have a retun loss of -20
dB or better. The retum loss measurement shall be performed agamst a hgud filled flar phantom.
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAT REQUIREMENTS

The IEEE 5td 1328 and CELIEC 62209 standards specify the mechanical components and
dumensions of the vahdaten dipoles, with the dmensions frequency and phantem shell thickness
dependent.  The COMOSAR test bench empleys a 2 mm phantom shell thuckness therefore the
dipoles sold for wse with the COMOSAR test bench comply with the requirements set forth for a 2
mim phantoin shell thickness.

5 MEASUREMENT UNCERTAINTY

Al uncertanties histed below represent an expanded uncertmnty expressed at approximately the 95%
confidence level using a coverage factor of k=2, waceable 1o the Itemanonally Accepted Guides o
Measurement Uncertamey.

51 RETUBRM LOSS

The followmg uncertamtes apply to the retum loss measurement:

Freguency hand Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The followimg uncertamties apply to the dimension measirements:

Length (mm) Expanded Uncertainty on Lengih
3-300 0.03 mm

5.3 VALIDATION MEASUREMENT
The gudelines outlined in the IEEE 1328, FCC KDBs, CENELEC EN3036]1 and CEVIEC 62209

standards were followed to generate the measurement uncertainty for validation measurements,
Sean Volume Expanded Uncertainty

lg 20.3 %

Fage: 3411
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10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETUBRN LOSS AND IMPEDANCE TN HEAD LIOUID

Froguoncs, MHz
75 W T oo e IR R i N 1 S = | .

Freguency (MHz) Beturn Loss (dB) Beguirement (dB) . Impedance
835 -32.78 -20 1602+ 1.7 0
62 RETUENLOSS AND IMPEDANCE IN BODY LIQUID
Freguency (MHz) Return Loss ((B) Requirement (dB) . Impedance

B35 -23.99 =20 4710+ 560
6.3 MECHANICAL DIMENSIONS
Frequency MHz | Lmm h mm dmm
| fegquirad maasured reguired mgasured reduiired measured
300 i 420.0 £] ¥ 250021 % 53521 %

Page: 6711
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450 290.0 21 %, 166.7 21 %, 6351 %

750 1760 28 5, 100.0 21 %, B35l %

g3s 161041 %, PASS 89.8 #1%. PASS 36+1%. FASS
& 149.0 %1 &, EEERTE 1641 %

1450 a9.1 £ % 517 £ % 3641 %

1500 G0.5 £1 % S50.0 %L % 3.6 +1 F

1540 79.0 #1 % 457 1% 3611 T

1750 75.2 21 % ar9:1% 16121 %,

1800 7RO % £17 1% 3641 %

1900 GE.0 &1 % 39581 %, XS

1950 663 £ % 3851 ERES
2000 6.5 £] F 3751 % 3.6+1 Fe
2100 610 #1 % 357#¥1% 3.6 +1 T
2300 555l % 326:x1% 361 e

2450 SL5 %1% N4k 1611 %

2600 485 21 % mEl % 16121 %
3000 415 #1 %, 25021 % 1641 %

3500 350+ e 26.4 £1%. 36+ 5%

3700 34741 % 26.4 1%, 3641 5%

T VALIDATION MEASUREMENT
The IEEE s5td. 1328, FCC KDBs and CEVIEC 62209 standards state that the system validation

measursments must be performed using a reference dipole meeting the fore mentioned retun loss
and mechamcal dunension requirements.  The vahdation measurement must be performed aganst a
liguad filled flat phantom. wath the phantom constracted as owtlined in the fore menticned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom. with the dipole
length centered and parallel o the longest dimension of the flat phanrom, with the top surface of the
dipole at the descnbed distance from the bottom surface of the phantom.

7.1 HEAD LIOUTD MEASUREMENT

"E:!f:w Relative permittivity (2) Canduethity ja] fm
requirad measwred reguined meatured
300 453255 087 5%
450 435155 0a725 %
750 41545 % 0.89 5%
835 41545 % PASS 09025 % Fass
oo 41545% 097 5%
1450 40515 % 120£5%
1500 40425 5% 12325%
Le20 40.2 45 % 1315 %
1750 4.1 15 % 13725 %
FPage: 711
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1800 200250 % 14028 %
1400 20045 % 1405 %
L1930 4005 % 1aDzs %
20040 2005 % 14025 5%
2100 30815 % 1.4% 5 %
2300 39545 % 16745 %
2450 39235 % LBD=S 5
2600 39035 % 186:5%
3000 38535 % 24025 5
3500 37945 % 2.51 45 %

72 SAR MEASUREMENT RESULT WITH HEAD TIQUIT

The [EEE 5td. 1528 and CELIEC 62209 standards state that the system validanon measursments
should produce the SAFR wvaluss shown below (for phantom thackness of 2 oum), within the
mncertainty for the svatem validaton, All SAR wvalues are normalized to 1 W forward power. In
bracker, the measured SAR iz given wirth the used impur power.

Softwrare COPENSAR V4

Phantom SN 20400 SAMTI

Probe 5N 18/11 EPG122

Laguaze Head Liguid Values: eps” : 423 sigma @ 0.92

Dustance between dipole center and liquid

13.0 mm

Area sean resolution

dx=8mm ' dyv=EBmun

Zoon Scan Reseluticn

dx=Euany dy=Ema de=5mm

Erequency 5335 MH=
Tuaprt pooaves 20 4B
Ligud Temperature 21°C
Lak Temperahere 21°C
Lab Hunudity 435 %
i gl 12 SAR (W/ke/W) 10 g SAR (W/ke/W)
required measured required measured
300 285 154
450 4.5E 1.06
730 E4D 5,55
815 9.56 9.60 (0.96) £.22 624 {0uE2)
L 105 £.99
1450 29 14
1500 30.5 168
1640 342 164
1750 364 153
LEOO 384 20.1
Page: 811

TFiz documens shall net be reproduced, accept m_fdl or &1 paot, withens the wrirem appreval of M
Tk Ryfbemanion conrained Ravatw iz ro Be wrad andy for rhe prrpace By vilide? dr i mbmitmad and & ey 1o
b releazed in whals dr pov P withent writtes appeenal of WTG

Page 54 of 67

Hotline: 400-6611-140 _ Tel: 86-755-27673339  Fax: 86-755-27673332 _http.//www.tct-lab.com




TCT

Report No.: TCT160104E006

SAR REFERENCE DIPOLE CALIBRATION REPORT Baf ACF L3 153ATUA
1900 35,7 205
1950 405 me
2000 411 i
2100 435 215
2300 48.7 23.3
2450 524 24
2600 §5.3 N
3000 £3.8 5.7
3500 7.1 5
R =
le ll
!||'!i.r:r!|.-.
Ii-.\.l I
[ \ ——
Al T
s L LEN
3, I
; )
“I-i I* i w1z = o1 W

BODY LIQUID MEASUREMENT

Fm::':znw Relative permittivity ('] Conductivity (o) 5fm
required measured reguired measured
130 £19:5% OUED+5 %
300 58.225% 0.82 5%
430 55,725 % 004255
T30 55525 % i R
235 £5.245% PASS 057 25 % PASS
Q00 55.025% 1.0525%
915 55.025 % 1.0625%
1454 54.025% 1.3025%
1610 53.825% 14025%
1800 E33:5% 152 45%
1900 53359 153285
2000 53.3:5% 15225%
2100 53.225% 161255
2430 52.785% | 15525%
Fage: 941
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2600 525259, 216 25%
3000 52.085% 2TAsEH
35300 G1.325% 13125%
3200 490+10% 530+10%
3300 4B5:10% C.41£10%
3400 4BT+10% 553£10%
3300 4EE£10% 565=10%
600 AB5+10% 577 +10%
800 aplrainm .00 £10%

74 SAR MEASUREMENT RESULT WITH BODY T.IOUID

Software OPENSAR Vi

Phantom SN 20000 SAMTI

Probe SN 1811 EPGL22

Ligquid Body Liguid Valoes: eps” @ 333 sigma - 0.87

Dristance between dipole center and Howid

170 mm

Area scan resaluhion

de=Enm/dy=8mm

Zoon Scan Besolution

d=Smn'dy=Smm/dz=mm

Frpouency 835 MHz
Tapiud proviver 20 4B
| Liquid Temperatuse 21°C
Lak Temperahure 21 °C
Lak Huonidity 45 %
i ot 12 SAR (W/ke/W) 10 2 SAR (W/ke/ W)
measurad measured
215 960 (0.96) 6,36 (64

e el e

T4= i
12 —
w10 B
i1 )
B Ay, ol I e, [l ) B -
Lk
Li "-.__‘_‘
RS B ]
B 4 m B WX a4 IR M OB M S I
ThE|
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5

LIST OF EQUIPMENT

Equipment Summary Sheet

Eguipment Manufacturer / - - Current Next Calibration
Description Model  |enfificationNo.| ooy o ion Date Date
Walidated. No cal [V alidated. Na cal
SAM FPhantom MVYG SH-20/09-5S48M 71 i equired
COMOSAR Test Bench Viareian 3 NA '-.-'ahd_ated. Mo cal [V alidated. Mo cal
reguired. Fequirad.
Network Analyzer | T000 5, Behwarz SN100132 0202013 0212016
Calipers Camrera CALIPER-D1 1202013 1272016
Reference Probe MYG EPG122 SN 1811 102014 10.2015
Multimetar Keithlay 2000 1188655 1212013 1272016
Signal Generator Agilent E44 330 MY42070531 1212013 1272016
Charactenzed prior to [Charactenzed prior to
Ampldier Apthercorm wh 4G test. Mo cal required. [test. No cal required,
Power Meter HP Ed44184 US38261498 1212013 12/2016
Power Sensor HP ECP-E26A US37T181480 1212013 1272016
T ; Charactenzed prior to |[Characterized prior to
Elrchiona: Couplas A 21 B2 kot test. Mo cal required. |test. No cal required.
Temperature and ,
Humidity Sensar Control Company 11-661-9 82012 B2015
Paga: 11711
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SAR Reference Dipole Calibration Report

Ret: ACRL56.7.13.5ATUA

SHENZHEN TONGCE TESTING LAB.
1F,LEINUO WATCH BUILDING, FUYONG TOWN,
BAOANDIST, SHENZHEN, CHINA

MVG COMOSAR REIFREENCE DIT'OLE
FREQUENCY: 1900 MHZ
SERTAL NO.: 5N 16/15 DIP 1G%00-372

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144

B p— Y, e

% 77—~ [ACCREDITED

Calibration Date: 05/11L/2015

Sanima:

Tius document presants the methed and reults from an acoredited SAR raference dipole caliboaticn
performed in MVG USA wsing the COMOSAR test bencl. All calibrabion results are traceakle o

nabicnal metology mettuhons.
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Dvline Flncrion Liare Sienqrire
Prepared by : Jérdme LUC Product Manager 6/5/2013 =3 e
Checred by Jérome LUC Prodact Manzger | /32015 ;LE,"."_
Approved by Kim RULKOWSKL Quality Manager GI5/2013 o At B
| Customar NMame
e Shenzhen Tongce
Dstribution - SR g
Testing Lab.
Tssue Date Maodificarions
A /572015 Initial releaze

Paga: 217
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACTLIS6 TISSATULA

1 INTRODUCTION

This document containg a suommay of the requirements sef forth by the IEEE 1528, FCC EDBs and
CELTEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measursments that were perfonmed to verify that the product complies with the fore mentioned

standards,
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
MManufachurer MWVG
Model SID S0
Serial Nummber SN 16/15 DIP 1G900-372
Product Condition (new / used) Wew

A vearly calibration interval is reconumenided,

K] PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Walidation Dipeles are built in accordance to the IEEE 1528, FOC KDBs and
CELTEC 62209 standards. The preduct is desizned for use with the COMOSAR test bench only.

Figure 1 - MVG COMOSAR Validation Dipole

Eage: 4711
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4 AMEASUREMENT METHOD

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

4.1 BETUBEN LOSS REQUIREEMENTS

The dipole used for SAR system validation measurements and checks must have a retuin loss of -20
dBE or better. The refurn loss measnrement shall be performed azainst a liguid filled flat phantom,
with the phantom constueted as outlined in the fore mentioned standards,

4.2 MECHAMICAT REQUIBEMENTS

The IEEE Std. 1528 and CELIEC 62200 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 nun phantom shell thickness therefore the
dipoles sold for use with the COMOSAR. test Dench comyply with the requirements set forth for a 2
mun phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expandad uncertainty expressed at approximately the 9524
confidencs level using a covernge factor of k=2, traceable to the Internationally Accepted Guides to
Measurament Uncertainty.

51 EBETUBNLOSS

The following uncertainties apply to the retum loss measurement:

Freguency band Expanded Uncertainty on Return Loss

A430-60000Hz 0.1 dB

52 DIMENSION MEASUBREMENT

The following uncertainties apply to the dimension measurements:

Length (mmm) Expanded Uncertainty on Length

3 -300 .03 mum

53 NAILIDATION MEASTREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs. CENELEC EN50361 and CELVIEC 62209
standards were followsd to genserate the measurement uncertainty for validation measuraments,
Scan Volume Expanded Uncertainty

lz 20.3 %

FPagea: 311
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0g 20.1 %
4 CALIBRATION MEASUREMENT RESULTS
9.1 EBETURN LOSS AND IMPEDANCE IN HEAD LICLITD

Sroquercy, MHz
1e40 BED 8BRS0 13

340

1252

511, 8

13:;]]

Freguency (MHz) Return Loss (dB)

Requirement (dB)

TImpedance

1900 -25.64 =20

51.70+ 4.9

4.2 BRETUBRN LOSS AND IMPEDANCE IN BODY LIOUID

Frecuunsy, HHz
1000 1060 1900 1520 140

oo
25—

1620 1640 10E0

Frequency (MHz)

Return Loss (dB) Requirement (dB) Impedance
1900 =23.50 =200 48.1 £2 - 64§82
4.3 MECHANICATL DINMENSIONS
Frequendy hHz [ L it [ I rirn td mm
required ‘ measured reguirad | measured required I measured

300 I50.0 41 %, [

Page: a:1]
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&350 290.0+1 %, 166.7 £1 %. 6.35 31 %
750 176.0 £1 %. 100.0 £1 %. 6.35 31 ™.
#4335 161041 %, 9811 %, 2611 %,
a00 149,041 %, 83.31%. 2611 %,
1450 5,151 %, 1.7 +1 %, L6+ %,
1500 80,5 +1 8%, 50,0 21 8, 641 %,
1640 011 % 45,7 21 % 3.611%.
1750 75,2 31 %, 47,91 %, 1611 %,
1800 TOE1%, 41,711 %. 2611 %,
1900 B0 1 %, BASS 39,5 41 %, PSS 3611 %, PAZS
1950 £if,3 41 %, 8.5 #1 5%, HEEL %,
2000 64.5 1 %, 37521 % 3611%.
2100 61.0 1 %. 35,7 £1 % 3611 %.
2300 55,5 11 %, 32,6 21 %, 2611 %,
2450 51,5 41 %, 0.4 11 %, HE11%,
2600 485 £1 %, 285415, 641 %,
3000 41,5 41 %, 25041 %. 3.5 %1 %,
3500 37021 %, 264 21 %, 3.6 %1%,
3700 34,721 W 26.4 21 . 3611%.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCOC KDBs and CEVIEC 62209 standards state that the system validation
measurements mwuost be performed using a reference dipole meeting the fore mentioned retuim loss
and mechanical dimension requirements. The validation measurament nmst be performed against a
liguaic filled flat phantom, with the phantom consticted as outlined in the fore mentionad 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

FN::EI"“' Relative permittivity [e,") Conductivity () 5/m
required measured required measared
00 45315 % 0.8745%
450 43,515 % 0.B715%
750 41.935% 08915 %
a35 41,545 % 09015 %
00 d41.5 25 % 0,97 25 %
1450 40,5 25 % L2035%
1500 40,4 45 % 12345 %
1640 A0235% 13135 %
1750 40,135 % 13745%
FPage: 7111
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1EDD 40,0 25 % 14035%
1300 40.0 £5 % PASS 14035% PASS
1as0 40025 % 14035 %
2000 40.0 15 % LAD 15 %
2100 3I985% 14915%
2300 395 15% 16T 5%
2450 39,2 *5% 1.80 *5 %
2500 39,0 25 % 1.56 45 8
3000 385 5% 2,40 25 %
1500 AT EiS% 2.01 15 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIOUID

The IEEE sitd. 1528 and CELTEC 62200 standards state that the system validation measurements
sheuld produce the SAR wvalues shown below (for phantom fhickness of 2 nun), within the
uncertainty for the system validation. All SAR values are nommalized to 1 W forward power. In
bracket, the measurad SAR is given with the used input power.

Software OPEMSAR V4
Phantom SN 2009 SAMTI
FProbe SN 1811 ERPGL22
Laguid Head Liquac Values: eps” - 40.4 sigma : 1.41
Dhstance between dipole center and liguid 10,0 mm
Area scan resolution de=8mm'dv=8mm
Zoon Scan Resolunon do=8mm'dv=Emm 'dz=>5mm
Frequency 1800 MHz
It powver 20 ABm
Ligud Temperature 21 °C
Lab Temperatus 21 °C
Lab Hunnidity 43 %
e 18 SAR [W/kg/W) 10 & SAR (W/kg/W)
raguired measured required measured
300 2.85 1,54
450 4,58 3.05
750 B.4% 5.55
835 9.55 B6.22
a0d i0a 6.5%
1450 29 16
1500 30.5 16,8
1640 34.2 15.4
1730 36.4 19.3
1E00 a4 0.1
Poage: 811
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1300 29.7 35,19 {3.92] 0.5 20,43 [2.04)
1950 40.5 2009
00 | a1 | 211
T a0 | ese T s
2300 48.7 23.3
2450 52.4 24
2500 a0.3 246
3000 53.8 25.7
3500 6.1 25

B~
(rfiFS \ - L
& i A
AiLis B \h
I '-£ LRI ek .\-
P S am [,
E o9 :-""H..
- M ".-"
oA pR i —=—
i | £ l, [ T § 1= 1= .II . _..' o B .'_;! a
(hard
7.3 BODY LIQUID MEASTUREMENT
Fm:l:f:w Relative perrmittivity (2 Comductivity [o) 5/m
required masured reguired mieasured
150 1.9 25% 0.3025%
300 58.2 5% 09215%
4510 55T 25 % 0,94 15 %
750 55.5 £5% 0.9515%
535 55.2 £5% 0a715%
g0 55.0 25 % 1.05 33 %
915 FR0EE% 10615 %
1450 540 £5% 1.3015%
1610 33EES% 14015%
1800 53355 % 152455
1900 53.355% BASS 152455 A
2000 53325 % 152455
2100 53.285% 152 45%
2450 52.785% 1495455
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2600 53,5 £5% | 215
3000 | s205% | 273es%
3500 51345 % | 3.3125%
5700 43.0 210 % | sE0:10%
5300 489 210% | sazsi0%
5400 487 £10 % | 553:l0%
5500 456 210 % | sastiowm
SG00 485 10 % | 577 +10%
5800 | 4szi0% | | eootion |

T4  SAR MEASUREMENT RESULT WITH BODY LIQLIID

" Software OPENSAR Vi
Phantom S 20009 SAMTI
Probe SN 1811 EPGL22
Lacuud Beody Liqued Vialues: eps” - 539 sigma 0 1,55
Distance betwesn dipole center and liguid 10,4 mm
Area scan resolution dr=8mm'dv=Smm
Foon Scan Resolution di=8nmm/dy=Smm/dz=5mm
Freqguency 19013 MH=
It povwer 20 dBm
Liguid Temnperanure 2120
Lab Temperatare 21 %0
Lab Hunudity 45 %o
F'E'r'iil:;f:w 1 g SAR [W/kgpW) | 10 g SAR (W, kW)
maasured measuned
1900 38.73 (3.87) | 20,48 |2.05)

Il'
4 \
i th
fiil
s
b F
3
e _I—_I{. “'l\ ]
-
am - 5.- 3in—3— :".\1\... -l L 8 L % [ I .
o [
Jin ¥ H“‘.\. a
| e ) - ¥ I I‘-‘--'_'.Ln—_
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