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This document presents the method and results from an aceredited COMOSAR Dosimetric E-Field
Probe calibration performed in MVG USA using the CALISAR / CALIBAIR test bench, [or use
with a COMOSAR system only.  All calibration results are tracesble (o national metrology
institutions
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1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSES
Serial Number SN 07/15 EP249
Product Condition {new / used) Used
Frequency Range of Probe 0.7 GHz-3GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.180 MO
Dipole 2: R2=0.191 M
Dipole 3: R3=0.179 M0

A yearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVG's COMOSAR E ficld Probes are buill in accordance to the IEEE 1528, OET 65 Bulletin C and
CEVIEC 62209 standards.

Figure 1 - MVG COMOSAR Dosimetric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 4.5 mm
Maximum extemal diameter & mm
Probe Tip External Diameter 5 mm
Distance between dipoles | probe extremity | 2.7 mm

3 MEASUREMENT METHOD

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

3.1 LINEARITY

The evaluation of the lineanty was done in free space using the wavegude, performing a power
sweep to cover the SAR range 0.01W/kg to 100W/ke.
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3.2 SENSITIVITY
The sensitivity factors 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 sel 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 i1s determined by inserting the probe in a thin plastic box filled
with tissue-equivalent liguid, 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
aboul ils axis (07-360°).

3.5 BOUNDARY EFFECT

The boundary effect 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
effeet, 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 1o the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CELVIEC
62209 standards were followed 1o generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 93% confidence level using a coverage factor
of k=2, traceable to the Internationally Accepted Guides to Measurement Uncertainty.

Uncertainty amalysis of the probe calibration in waveguide
5 OlREE Uncertainty Probability 2 Standard
ERROR SOURCES value (%) | Distribution | DiVisor S| Uncertainty (%)
Incident or forward power 3.00%% Rectangular g"j 1 1.732%
Reflected power 3000 Rectangular _ \1{_ — 1 1.732%
Liguid conductivity 5.00%% Rectangular | —— q,nrj — 1 2857%
Liguid permittivity 4 008 Fectangular —_ Jj — 1 2.309%
.

Field homogeneity 3000 Rectangular v3 1 1.732%
Field probe positioning 5000 Rectangular \l"j. I 1 288
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mvis COMOSAR E-FIELD PROBE CALIERATION REPORT
Freld probe Lineanty 300 Eectangular ‘."i | 1 1.732%
Combined standard uncertainty — 1 583]1%
Expanded uncertainty 12 o
05 % confidence level k=2 Lol

5§ CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Ligquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %o

5.1 SENSITIVITY IN AIR

Nommx dipole | Normy dipole | Normz dipole
(VAN imsy | 2 (VA im)®) | 3 (uViivimy)
691 T.46 6,48

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(m\V} (mV) (m\V)
97 93 94

Calibration curves ei=f{V) (1=1.2,3) allow to obtain H-field value using the formula:
E'+E +E}

Calibration curves

83
\

\

Digace 1
Dipols 2

=

E-Freldd [Vin|]

oo a1 n2 03 o4 s g o7
Vokage V]
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5.2 LINEARITY

Linearity

S0 100 150 200 250 300 350 400 450 4%
E-Fiekd (\'/m)

Linearityl+/-1.94% (+-0 09dE})

5.3 SENSITIVITY IN f

Laguid Ereguency Permittivity | Epsilon (Sm} ConyE

(MHz -+

o0 H
HL750 750 41,82 0.90 174
BL750 750 56,28 .08 185
HLS850 835 4250 0.90 505
BL350 B33 53.10 097 5.2
HILSi) T} 42 05 (1 G8 482
BLIOO 900 56,41 1.08 499
HL 1800 [T 41,82 .38 421
BL 1800 1800 53000 1.52 433
HL 1900 1540 40,38 1.41 4 86
BL1900 1900 53.93 155 5105
HL 2000 2000 4012 143 437
BL2000 3000 53.63 1.54 451
HL2450 2450 38,34 1.80 FE
BLZ450 2450 5270 1.94 436
HL2600 2600 3816 1.93 418
BL260O0 260K 5].55 221 431

LOWER DETECTION LIMIT: TmW/kg
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6

LIST OF EQUIPMENT

Equipment Summary Sheet

Deseription Model Calibration Date Date
Walidated Mocal Validated. Mo cal
Fiat Phantom MG SH-20009-SAMTY | equired equired
Walidated Mo cal Validated Mo cal
[COMOSAR Test Bench Version 3 MA Fequired required
Network Analyzer Rmez‘?‘vi"”“a"z SN100132 0212016 0212019
Reference Probe MVG EF 94 SN 37108 1072015 102018
Multimeter Keithiey 2000 1188656 122013 122016
Signal Generator Agilent E4438C MYA9070581 122013 122016
Characlefized prior to|Characterized prior to
Ampiifier Aethercomm =hi el test Mo cal required. [test. Mo cal required
Fower Meter HF E4418A US38261498 1212013 1212016
Power Sensor HP ECP-EZ26A LIS3T181460 1272013 1272018
Charactenzed pror to |Characterized prior to
Directional Coupler Marda 4216-20 01386 test No cal required. [lest No cal required
. Walidated Mo cal Validated. Mo cal
Waveguide Mega Industries | DE9Y7-158-13-712 equired becniied
Walidated Mo cal Validated. Mo cal
Waveguide Transition | Mega Indusiries | D69Y7-158-13-701 equired Fequired
Walidated Mo cal Walidated. Mo cal
[Waveguide Termination| Mega Indusiries | DESYT-158-13-T01 equired required
Temperature / Humidily| o000 company 11-661-9 82015 82018
Sensar
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This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA wsing the COMOSAR test bench.  All calibration results are traceable
national metrology institutions
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Deviee Type COMOSAR 833 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDE33
Serial Number SN 0915 DIP 0GE3IS-358
Product Condition (new /used) | New

A yvearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 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 COMOS AR test bench only.

Figure 1 - MG COMOSAR Validation Dipele
Page: 412
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4  MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed 1o
verify that the product complies with the fore mentioned standards,

‘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 fat phamtom,
with the phantom constucted as outlined in the fore mentioned standards,

4.2 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 mum 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 Imernationally Accepted Guides to
Measurement Uncertainty.

51 CTLIRN LOSS

The following uncertainties apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Returm Loss
400-6000M Hz 0.1dB

52 DIMENSION MEASUREMENT

‘The following uncertainties apply to the dimension measurements:

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

The guidelines outlined in the IEEE 15328, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
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Sean Volume Expanded Uncertainty

lg 20.3 %

10 g 20.1 %o

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUTD

Frequency, biky

75 TED a0 CEE 2] B0 BED 0 500 20 %5

51148

Frequency (MHz) Retum Loss (dB) Requirement (dB) Impedance

815 2.7 220 50.7Q+ 030

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID

Fioauerey MH2
o0 TR B0 i) 240 &0 =00 50 90 §E

k.
a0-
=0
.'l,':l-n-
Frequency (MHz) Return Loss (dB) Requirement (d 1) Impedance
835 -24.40 -20 45301+ 3.7 02
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6.3 MECHANICAL DIMENSIONS

Freguency MH2 Lmm hmm d mm
required measured required measured requined measured
300 A20.021 % 250.0£1 5% 63521 %
a450 Fo0.021 % 166.7 #1 % 6535+]l %
70 176021 % 100021 5. 83521 %
835 161,021 % PASS 89811 % PASS 1621 % PASS
00 145,021 % 83381 % 1641 %,
1450 89.1 1 3. 51711 % 3611 %,
1500 BO.5 %] % 50.0 21 % 3621 %
1640 79.0 1 % 4571 % 1611 %
1750 15241% 02981 % 1611 %,
1800 T2.0£1%. ATH% 1621 %
1900 68.0 21 %. 19521 % 1621 %,
1850 65,3 £1%. IWEE1L% 1621%,
2000 64,5 £1 % 175815 1641 %,
2100 BLO*1 % ELWE S 1641 %
2300 55.5+1 % 32621 % 3621 %
2450 51.5:1% 30421 % 16 %
2600 485 ] %. 2BB12l % 1621 %
3000 151 % 5081 % 1641 %,
3800 37,021 % A1 % 1641 %,
3700 34741 % 264 2] W 3621 %.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs 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
liguid 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 deseribed distance from the bottom surface of the phantom.,

7.1

MIHI L Relathve permittivity (2] Conducthiity (0] 5/m
required maeasuned required measuned
300 A5.3 £5% 0.87 £5%
A50 A35 5% 0.87 25 %
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750 419 15% 0.89 25 5%
B35 41.5 5% PASS 09015 % PASS
500 41525% 0.9725%
1450 0.5 £5 % L2025%
1500 0.4 £5 % L2325%
1540 40,2 #5 % 1.3125%
1750 40.1 £5 % 13725%
1800 400 5% 1LAD 255
18900 400 £5 5% 14015 %
1350 A0.0 £5 % 1.4025%
2000 40.0 £5 % 14025%
2100 35.8 £5% 149 25%
2300 3/515% 1LeT15%
2450 3B.25% 1B025%
2600 39.0 £5 % 19625 %
3000 38525% 14025 %
3500 79155 29125%

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 walues 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 20009 SAMTI

Probe SN1811 EPG122

Liguid Hend Liguid Values: eps” : 42,1 sigma ; D92

[nstance between dipole center and hiquad

15.0 mm

Area scan resolution

d:?"’!ﬁ'l'lll.!-'l."d}'-ﬂ mm

Zoon Scan Resolution d=8mm /dy=8m/dz=5mm
Frequency £35 MHz
Input power 20 dBm
Liguid Temperature 21 *C
Lab Temperature 21°C
Lab Humidity 45 %,
mem 1 g SAR [W/kg/ W) 10 g SAR [W/kg/W)
quired . quired raaparad

300 285 194

450 458 .06

750 845 555
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L) 9.56 9.53 [0.95) 622 620 |062)
200 10.9 659
1450 29 16
1500 s ic.8
1640 342 184
1750 36.4 19.3
1800 ELE 0.1
1300 9.7 0.5
1850 40.5 09
2000 1.1 211
2100 LER] 18
2300 487 3.3
2450 52.4 24
2600 553 2.6
3000 638 5.7
3500 67.1 15

73 BODY LIOUID MEASUREMENT

bl Relative permistivity (6] Conductivity o) 5/m
reguired e asuned required measured
150 61.9 $5% 080 £5 %
300 582 #5% 0.92 £5 %
450 55.7 5% 0.94 25 %
750 55.5 15 % D96 15 %
835 55.2 #55 PASS 0.97 25 % PRSS
900 55.0£5% 10525%
915 55.0 15 % 1.06 5%
Page: %12
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1450 S4.0£5% 130455
16110 S3B 5% 14025 5%
1800 53335% 15145%
19000 53345% 15225%
2000 533 £5% 1.5225%
2100 5.2 15% 1.62 5%
2450 527 15% 19525%
26000 525 45% 21615%
30040 52.045% 273455
3500 51.345% 33125%
5200 45.0 £10% 5.30£10%
5300 489 £10% 5.42£10%
5400 48.7 £10% 553 £10%
5500 AR5 +10% 6,65 £10%
S600 485 +10% 577 £10%
S800 482 £10% 6.00£10%

74 SAR MEASUREMENT RESULT WITH BODY LIOUTD

Software OPENSAR V4
Phantom SN 20/09 SAMTI
Probe SN 1811 EPG122
Licpuic Body Ligquid Values: eps” - 53 8 sipma : 0.98
[hstance between dipole center and higuid 15.0 mm
Area scan resolution de=8mm/dy=8mm
Zoon Scan Resolution dx=Bmm/dy=8m/de=5mm
Frequency B35 MHz
Input power 20 dBm
Liquid Temperature 21°C
Leb Temperature 21 *C
Lab Humidity 45 %
i 1 SAR (W/kg/W) 10 SAR (W/kg/W)
measured marasured
B35 9.44 (D.94) 6.25 [0.62]
Page: 1&'12
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i

po NI
Il | [ L
B | e _-._.__?' .
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

el e P

SAM Prantom MVG SN-20/09-SAM71 Eﬁfe‘z‘_* e, :‘:‘;ﬁ;ﬁ" G: e

COMOSAR Test Bench|  Version 3 NA Eﬁfﬂ‘g"' ho ol :ﬁﬁ:ﬁ" o' cal
Network Analyzer [ RPO9e % S0MWarz | snigg0132 0212013 0212016
Calipers Carera CALIPER-O1 122013 1212016
Reference Probe MVG EPG122 SN 18111 102014 1012015
Mudtirmeter Keithley 2000 1188656 122013 122016
Signal Generator | Agilert E4438C |  MY49070581 1212013 1212016

R B T s
Power Meter HP E4418A LIS38261498 122013 1212016
Power Sensor HP ECP-E26A US27181460 1212013 1212016

Directional Coupler | Narda 4216-20 01386 ﬁmﬁgfﬁﬁg aﬁrﬁaffdmgu'ﬁ::
LEU”;E;?: e and | control Compary 11-661-9 812012 BI2015

Page: 1212
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SAR Reference Dipole Calibration Report

Ref : ACR.92.5.15.SATU.A

WALTEK SERVICES (SHENZHEN) CO., LTD

1/F., FUKANGTAI BUILDING, WEST BAIMA ROAD,
SONGGANG STREET

BAOAN DISTRICT, SHENZHEN GUANGDONG 518105,
CHINA

MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 1800 MHZ
SERIAL NO.: SN 09/15 DIP 1G800-360

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

M,
SN
L. e -
i e

s .
Z77 7~ [AccreDiTED)
'a'..J__]II'..-\‘ - S ——

03/16/2015

.":.'lﬂi'.hl‘u'r!:]'.'

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA wsing the COMOSAR test bench.  All calibration results are traceable o
national metrology institutions
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Name ! Functien Diate Signature

FPrepared by : Jérome LUC | Product Manager V212015 ;;}%‘
Checked by : Jérdme LUC | Product Manager 4/2/2013 ;j:fff
Approved by Kim RUTKOWSKI I Cuality Manager 422015 | i arthaebiu

Customer Name

Waltek Services

Dhistribution (Shenzhen) Co., L1d
Issue | Date_ | Modifications
A 4/2/2015 | Initial release
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the TEEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed 1o 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 MVG
Model SIDIs00
Serial Number SN 09/15 DIP 1GEO0-360
Product Condition (new /used) | New

A yearly calibration interval is recommended,

3 FRODUCT DESCRIPTION

31 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 COMOS AR test bench only.

Figure 1 - MG COMOSAR Validation Dipole

FPage: 4/12
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4  MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verifly 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 retumn loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled Mat phantom,
with the phantom constucted 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 emplovs a 2 mun 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 uneertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides 1o
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertaintics apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000M Hz 0.1d8

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 NALIDATION MEASUREMENT

The guidelines outlined in the IEEE 15328, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.

Page: 312
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Scan Volume Expanded Uncertainty
lg 20.3 %
10g 20.1 %o

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Freguercy, Mg
1700 L e 1] 1740 7R 1780 1 B0 1820 T8I0

TEED 1830 1S00

511,48

0 |
Frequency (MHz) | Retum Loss (dB) | Requirement (dB) | Impedance
1800 _ -31.91 -20 | 4850-2.0)0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

1700 1720 1 ran 1] e THI 1820 T8I0 L 188G L

151

m

uc

Frequency (MIlz) Iit‘lu11:|.lm's{;lll} Requirement (d13) Impedance
1800 -22.95 =20 48.7Q-7.0;0Q

FPage: /12
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6.3 "HAN o] (8]
Frequensy MH2 [ Lmm b d mm
required measuned requined medsured required measured
: 300 420,041 %. 250.0£1 %, 63581 %
; 450 290041 % | 1887+1% 63581%
f 750 176041 %. | 100021% 63581 %
835 165101 % | msmax 1641 %
300 115,051 5%, | e33u% 3641 % !
1950 89141% SL741% 3641%
| 1500 BO.5 £1 % 50,041 % 36+1%.
' 1640 79.041%.  AsTH% 36H%
1750 75.2 1 % 42951 % 16+1%
1800 72,041 %. PASS ALT% PASS 16£1% PASS
1900 68021 %, 9521 % 16+ %.
1950 E6.321%, 38521 % 1641 %
' 2000 BA5E1% 1T szsa% T '
| 2100 6101 % ITHLR A6+1%
' 2300 55.511 %, 261 % 1641 %.
450 S15+1% 0421 5% 1641 5%
2600 485 1%, | manw  26a%
3000 AL521%, 508 % 351 %
3500 A7.0+1 % 26411 % 3611 %
3700 34.7+1 H 26421 % A621%

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
and mechanical dimension requirements.  The validation measurement must be performed against a
Tigquid filled Nlat 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 deseribed distance from the bottom surface of the phantom.

11

HEAD LIOUID MEASUREMENT
i mu:w | Relative permittivity (e) Conducthity [o] 5/m
|_W_ messured | required | measured
300 | as3es% 0.87 £5%
450 | 435i5% 0875 %
Page: 712
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750 | arEesw 0.8 5%
835 41545% 0.905%
500 11515% 097 £5%
1450 405 5% L1015 %

[ T1s00 | anasx 12315 %

| 1640 40245% 13145%
1750 40115 % 13725%
1800 40,0 £5.% pASS 1.40£5% PASS

| 1900 | 400#5% | 140455

| 1350 40.05% 14055 %
2000 40,045 % 14025 %

| 200 | m:ssu% 14945%

| 2300 | aesasn LET£5%
2450 1/2a5% 18045 %

| 2600 B/OL5% 19615 %
3000 BELY 24025%

L0 | wssx | JECED

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1328 and CEVIEC 62209 standards state that the syvstem validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the svstem validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Soltware | OPENSAR V4 _
Phantom SN 20000 SAMTIL
Probe SN 18711 EPG122
Liquud Head Liguid Values: eps” : 41.1 sigma : 1 39
Dhstance between dipole center and hgud 10,0 mm
Aren scan resolution dx=Bmm/dy=8mm
Zoon Scan Resolution dx=Fmm/dv=%m/dz=5mm
Frequency 1800 MHz
Ingut power 20 dBm
 Liguid Temperature 21 %C
Lab Tempermture 21°C
Lab Humidity 45 %
F
".:T:"" | 1 SAR (W kg/W) 10 g SAR [W/kg/W)
requined mieasured required measured
300 285 154
450 A4.58 106
750 |  Bag 555
FPage: 812
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835 T ass 6.22

900 | 109 699 |
1450 | 29 16 I
1500 | 305 168
1640 342 184

1750 36.4 19.3
1800 8.4 37.56(3.76) 0.1 2022 [2.02) |
1900 397 205 '
1950 0.5 209
2000 41,1 211 '
2100 | ass ng

2300 | 487 233 :
2450 324 24 I
2600 | ssa M6 |
3000 63.8 b i)
w0 | 611 28 '

il

7.3 BODY LIQUID MEASUREMENT

Froguancy

MH2 Redathve parmitthvity (8.7]
requl.red [ measured
150 61.9 5%
300 £8.2 15
450 56,7 45 %
750 55.5 45 %
8335 5.2 #5%
Q00 55.0 45 %
915 55.0 £5 %
FPage: 912

Conducthdty [o] 5/m

requined
0.80 5 %
092 25 %
0.94 5 %
0.96 15 %
0.97 £5 H
105 £5 %
1.06 5

maasured
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1450 A0 5% 13015 %
1610 53.8 5% 14025 %
1800 Bt il ionchmidhin PSS
1900 53345% 1.525%
| 2000 53.335% 15245%
| 2100 53.2 15 % 1.6225%
2450 1745 % 1.95 £5 %
2600 515 45% 11615%
| 3000 52.045% 27315%
L3500 513:5% 33155%
| 5200 #9.0+10% 530 £10%
| 5300 489 £10% 542 £10%
5400 487 £10% 553 £10%
5500 485 £10 % 5,65 £10%
SGIN AR5 $10% .77 £10%
SR00 AB2210% 6.00210%
74 SAR MEASUREMENT RESULT WITH BODY LIOUID
“Soltware CPENSAR V4
Phantom (SN 20/09 SAMT1
Probe SN 1811 EPG122
Liqud | Body Liquid Valucs: eps’ - 53.0 sigma : 1.52
 Drstance between dipale center and hiquid 10.0 mm
Area scan resolution dae=EBmm/dyv=Emm
Zoon Scan Resolution dx=Emm/dy=8m/de=5mm
Frequency 1800 MHz
Input power 20 dBm
Ligquid Temperature 21 "C
Lab Temperature 29
Lab Humadity 45 %
S 1 £ SAR (W/ke/W) 10 g SAR (W/kg/W)
msasured mmeasuned
1800 17.91 (3.79) 2062 (2.08)
Page: 112
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LIST OF EQUIPMENT

Equipment Summary Sheet

e e e i Cem b e

SAM Phartom MVG sn-200s-saM71 [ONEIGD Nocal - eaed Mo cal

COMOSAR Test Banch Version 3 NA :‘;i"ff:gd No'cal iﬂmﬂ No cal
Network Analyzer | <09 % SCTWarZ | sntop132 o2z013 | o2rots
Calipers P CALIPER-01 1212013 1212016
Reference Probe MVG EPG122 SN 18/11 1012014 102015
Multimeter Keithiey 2000 1188656 1202013 12/2016
Signal Generator Agilent E4438C MY 49070581 12/2013 1212016
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A US3T181480 1272013 122016

Directional Coupler | Narda 4216-20 01386 ﬁ?mﬁﬁfﬁgjﬁ;‘f i’;ﬂrﬁgﬁmﬁﬁ
E“‘:“‘Ii’jir;t“&’?;f Control Comparny 11.651-9 8/2012 812015

Papge: 12/12
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WALTEK SERVICES (SHENZHEN) CO., LTD
1/F., FUKANGTAI BUILDING, WEST BAIMA ROAD,
SONGGANG STREET
BAOAN DISTRICT, SHENZHEN GUANGDONG 518105,
CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 09/15 DIP 1G900-361

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

e,
A=A @
Sy

%7~ [AcceebiTeD)
- f-.'..'..'.-'w rwr e AW mElEEG

03/16/2015

.\.Hiiil.’ﬂtﬂj'.'

This document presents the method and results from an accredited SAR reference dipale calibration
performed in MVG USA wing the COMOSAR test bench.  All calibration results are traceable 1o
national metrology institutions
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Deviee Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model S1D1 900
Serial Number SN 0915 DIP 1G900-361
Product Condition (new /used) | New

A yvearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

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 COMOS AR test bench only.

Figure 1 - MG COMOSAR Validation Dipole
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4  MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed 1o
verify that the product complies with the fore mentioned standards,

‘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 Nat phamtom,
with the phantom constucted as outlined in the fore mentioned standards,

4.2 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 mum 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 Imernationally Accepted Guides to
Measurement Uncertainty.

51 CTLIRN LOSS

The following uncertainties apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Returm Loss
400-6000M Hz 0.1dB

52 DIMENSION MEASUREMENT

‘The following uncertainties apply to the dimension measurements:

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

The guidelines outlined in the IEEE 15328, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
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Scan Volume

Expanded Uncertainty

lg

203 %

10 g

20.1 %o

6 CALIBRATION MEASUREMENT RESULTS

6.1 ERETURN LOSS AND [MPEDANCE IN HEAL LIOUTL)
Frequency, Mg
100 JE20 1840 1BE0 1880 1800 1E0 VM0 1360 1580 2000
L ; X X ; '
10
i
- 20
-
-
&0
Frequency (MHz) Retum Loss (dB) Requirement (dB) Impedance
19000 -33.77 -2 4990 - 2050
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID
Fisngmnoy MH2
e 1840 1580 150 =0 150 '|-|..'!:l '."-:-“: I"_'Ik'..'l 1580 S0
5
10
15-
ﬂ -
o~
Frequency (MHz) Return Loss (dB) Requirement (d 1) Impedance
1 900 -27.04 =20 45.802- 1.5 L2
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6.3 MECHANICAL DIMENSIONS

Freguency MH2 Lmm hmm d mm
required measured required measured required measured
00 A20.021 % 250.0 41 % 63521 %
a50 300zl % 166.7 21 % 63521 %
750 176,021 % 100,021 %. 63521 %
B35 161.021 %. 89.B 21 % 3621 %
800 149.021 % B33 %N 1621 %,
1450 89.1%1 % 51711 % 3611 %,
1500 B0.5 %1 % 5001 % 1621 %
1640 79.0%]1 % 4571 % 16+%] %
1750 75.2 £1 % 42.921 % 3621%,
1BOO 72021 % 41721 % 161 %
1300 68.0 £1 % PASS 39521 % PASS 16:1% PRSS
1850 66.3 £1 %. 38521 W 3621%
2000 54,5 £1 % 7541 W 3641 %
2100 610 £] %, 35731 % 1621 %
2300 55541 % 1261 % 161 %
2450 5151 % 3041 % 621 %
2600 48511 %. 2BBzl % 16:] %
3000 41521 % 25021 % 361 %,
3500 37,041 % FLE SR 3.6 £1 %
3r00 34,751 % 2641l W 361 %

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs 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
liguid 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 deseribed distance from the bottom surface of the phantom.,

7.1
MIHI L Relathve permittivity (2] Conducthiity (0] 5/m
required maeasuned required measuned
300 A5.3 £5% 0.87 £5%
A50 A35 5% 0.87 25 %
Page: 712
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750 419 15% 0.89 25 5%
B35 41.5 5% 0.90 25 %
500 41525% 0.9725%
1450 0.5 £5 % L2025%
1500 0.4 £5 % L2325%
1540 40,2 #5 % 1.3125%
1750 40.1 £5 % 13725%
1800 400 5% 1LAD 255
18900 400 £5 5% PASS 14015 % PASS
1350 A0.0 £5 % 1.4025%
2000 40.0 £5 % 14025%
2100 35.8 £5% 149 25%
2300 3/515% 1LeT15%
2450 3B.25% 1B025%
2600 39.0 £5 % 19625 %
3000 38525% 14025 %
3500 79155 29125%

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 wvalues 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 20009 SAMTI

Probe SN1811 EPG122

Liguid Hend Liguid Values: eps” : 40,9 sigma : 143

[nstance between dipole center and hiquad

1000 mm

Area scan resolution

dx=fmm dy=8mm

Zoon Scan Resolution d=8mm /dy=8m/dz=5mm
Frequency 1900 MHz
Input power 20 dBm
Liguid Temperature 21 *C
Lab Temperature 21°C
Lab Humidity 45 %,
mem 1 g SAR [W/kg/ W) 10 g SAR [W/kg/W)
quired . quired raaparad

300 285 194

450 458 .06

750 845 555
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B35 9.56 6.22
200 g 659
1450 29 16
1500 05 16.8
1640 34,2 184
1750 36.4 19.3
1800 38.4 20.1
1300 9.7 39,37 |3.94) 05 2051 [2.08)
1350 40,5 209
2000 411 211
2100 43,6 219
2300 48,7 23.3
2450 52.4 24
2600 55.3 26
3000 638 5.7
3500 67.1 25
- sm e - I.'
4 \ ‘
il
o
] FEL
. odz i |
e = PP
e = ) RS MBEONESDE
7.3 BODY LIQUID MEASUREMENT
bl Relative permistivity (6] Conductivity o) 5/m
reguired e asuned required measured
150 61.9 $5% 080 £5 %
300 582 #5% 0.92 £5 %
450 55.7 5% 0.94 25 %
750 55.5 15 % D96 15 %
835 55.2 #55 0.97 25 %
900 55.0£5% 10525%
915 55.0 15 % 1.06 5%
Page: %12
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1450 S4.0£5% 130455
16110 S3B 5% 14025 5%
1800 53335% 15145%
19000 53345% PASE 15225% PASS
2000 533 £5% 1.5225%
2100 5.2 15% 1.62 5%
2450 527 15% 19525%
26000 525 45% 21615%
30040 52.045% 273455
3500 51.345% 33125%
5200 45.0 £10% 5.30£10%
5300 489 £10% 5.42£10%
5400 48.7 £10% 553 £10%
5500 AR5 +10% 6,65 £10%
S600 485 +10% 577 £10%
S800 482 £10% 6.00£10%

74 SAR MEASUREMENT RESULT WITH BODY LIOUTD

Software OPENSAR V4
Phantom SN 20/09 SAMTI
Probe SN 1811 EPG122
Licpuic Body Liguid Values: eps” - 53.9 sipma : 1 55
[hstance between dipole center and higuid 100 mm
Area scan resolution de=8mm/dy=8mm
Zoon Scan Resolution dx=Bmm/dy=8m/de=5mm
Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 21°C
Leb Temperature 21 *C
Lab Humidity 45 %
i 1 SAR (W/kg/W) 10 SAR (W/kg/W)
measured marasured
1300 38,58 (3.86) 20,37 [2.04)
Page: 1&'12
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:;'.1\‘_._ A = B )
-..., N - -
P 3 o
) e 1
| = - ! PP
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

el e P

SAM Prantom MVG SN-20/09-SAM71 Eﬁfe‘z‘_* e, :‘:‘;ﬁ;ﬁ" G: e

COMOSAR Test Bench|  Version 3 NA Eﬁfﬂ‘g"' ho ol :ﬁﬁ:ﬁ" o' cal
Network Analyzer [ RPO9e % S0MWarz | snigg0132 0212013 0212016
Calipers Carera CALIPER-O1 122013 1212016
Reference Probe MVG EPG122 SN 18111 102014 1012015
Mudtirmeter Keithley 2000 1188656 122013 122016
Signal Generator | Agilert E4438C |  MY49070581 1212013 1212016

R B T s
Power Meter HP E4418A LIS38261498 122013 1212016
Power Sensor HP ECP-E26A US27181460 1212013 1212016

Directional Coupler | Narda 4216-20 01386 ﬁmﬁgfﬁﬁg aﬁrﬁaffdmgu'ﬁ::
LEU”;E;?: e and | control Compary 11-661-9 812012 BI2015
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Ref : ACR.92.8.15.SATU.A

WALTEK SERVICES (SHENZHEN) CO., LTD
1/F., FUKANGTAI BUILDING, WEST BAIMA ROAD,
SONGGANG STREET
BAOAN DISTRICT, SHENZHEN GUANGDONG 518105,
CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 09/15 DIP 2G450-363

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

""" [AccrEDITED)

03/16/2015

SHmmary;

This decument presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA wang the COMOSAR test bench.  All calibration résults are traceable to
national metrology institutions
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Waltek Services
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the TEEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed 1o verify that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
| Manufacturer MVG
Model SI24s0
! Serial Number SN 09/15 DIP 2G450-363
| Product Condition (new / used) | New

A yearly calibration interval is recommended,

3 FRODUCT DESCRIPTION

il 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 COMOS AR test bench only.

Figure 1 - MG COMOSAR Validation Dipole

FPage: 4/12
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4  MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verifly 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 retumn loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled Mat phantom,
with the phantom constucted 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 emplovs a 2 mun 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 uneertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides 1o
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertaintics apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000M Hz 0.1d8

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

53 NALIDATION MEASUREMENT

The guidelines outlined in the IEEE 15328, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
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Expanded Uncertainty

Sean Volume
203 %

lg
10g 20.1 %
6  CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOLITD
Freguercy, Mg
2280 ZE0 MO0 MM MM M) M8 =N XN TEE
Frequency {.\IT?.)M |  Returm Loss(dB) | Requirement (d1) :_ - Impedance
2450 _ -23.78 -2 | 48350+63)0
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Trequency. Mz
".'4 ) 2 e | "-'.Ilull '-&;h!i 2 1'I-:" ."_IH L% 1 Fiws | |
Frequency (Milz) Retum Loss {.ll %) Requirement (d13) Impedance
2450 -26, 15 -20 51,182 +4.8)L2
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6.3 "HAN Dok L8]
Frequensy MH2 [ Lmm b d mm
required measuned requined medsured required measured
: 300 420.0 £1 %. 2500 £1 %, 63581 %
; 450 00.0£1 %. | 1667 +1%. 63521 %
f 750 176,041 %. | 1000:1%, 63581 %
835 161.021 %. | msmax 1641 %
300 115,051 5%, | e33u% 3641 %
1950 89.141% sL7e1% 3641%
| 1500 BO.5 £1 % 50,041 % 36+1%.
' 1640 79.041%.  AsTH% 36H%
1750 75231 % 4291 % A6+1%
1800 72.0 41 %. AT % 1651 %
1900 68.021 % 35,581 % 16+1 %
1950 66.3 21 % 38521 % 1641 %
' 2000 61541% I T
| 2100 6101 % ITHLR A6+1%
' 1300 55.521 %. 1611 % 1641 %
450 51.5+1% PASS 04:1% PASS 1641 % PASS
2600 wsa% | | manw  16u%
3000 41521 %. 15081 % ETFIL
3500 37041 e 26411 % 361t1%
3700 34.7¢1 % 264 21 % 356+1%

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
and mechanical dimension requirements.  The validation measurement must be performed against a
Tigquid 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 deseribed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT
i mu:w | Relative permittivity (e) Conducthity [o] 5/m
|_W_ messured | required | measured
300 | as3es% 0.87 £5%
450 | 435i5% 0875 %
Page: 712
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750 | arEesw 0.8 5%
835 41545% 0.905%
500 11515% 097 £5%
1450 405 5% L1015 %

[ T1s00 | anasx 12315 %

| 1640 40245% 13145%
1750 40115 % 13725%
1800 40,0 £5.% 1.40£5%

| 1900 | 400#5% | 140455

| 1350 40.05% 14055 %
2000 40,045 % 14025 %

| 200 | m:ssu% 14945%

| 2300 | aesasn LET£5%
2450 1/2a5% pass 18045 % PASS

| 2600 B/OL5% 19615 %
3000 BELY 24025%

L0 | wssx | JECED

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1328 and CEVIEC 62209 standards state that the svstem validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the svstem validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Soltware | OPENSAR V4 _
Phantom SN 20000 SAMTIL
Probe SN 18711 EPG122
Liquud Head Liguid Values: eps” : 38.9 sigma : 1.79
Dhstance between dipole center and hgud 10,0 mm
Aren scan resolution dx=Bmm/dy=8mm
Zoon Scan Resolution dx=Smm/dv=5m/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
 Liquid Temperature 21°C
Lab Tempermture 21°C
Lab Humidity 45 %
F
".:T:"" | 1 SAR (W kg/W) 10 g SAR [W/kg/W)
requined mieasured required measured
300 285 154
450 4,58 106
750 |  Bag 555
FPage: 812

Thely docwment shall not be reproduced, exept in full or iy part, withow the vritten appreval of MV
Thar irpfvremction covmimimed henein |3 fo b s gwly Jor te perpose for wlich ir i sabeiited and (3 mod o
b relevasecd in whle or part withons weitien approval of MG

Waltek Services (Shenzhen) Co.,Ltd.
http://www.waltek.com.cn




Reference No.: WTS17S0169747E V1

Page 151 of 179

SAR REFERENCE DIFOLE CALIBRATION REPORT

835 9.56 622

900 10.9 699 |
1450 29 16 I
1500 305 168
1640 342 184 5
1750 36.4 183
1800 8.4 20.1
1900 397 205
1350 405 203
2000 411 211
2100 136 219

2300 487 133

2450 3.4 l 3338 (5.34) l FL| l 2420 | 2.42) :
w00 | ss3 | BEETE R ]
3000 5.8 37 |
w0 | 61 25 |

Rel ACR 928 15 SATULA

7.3 BODY LIQUID MEASUREMENT

Froguancy
MHz

150
300
450
750
£35
Q00
915

Redathve parmitthvity (8.7]

requl.red measured
619 25 %
58.2 15 %
56.7 15 %
5.5 15%
5525 %
55.0 15 %
55.0 £5 %

FPage: 912

Conducthdty [o] 5/m

requined measured
0.80 5 %
092 25 %
0.94 5 %
0.96 15 %
0.97 £5 H
105 £5 %
1.06 5
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1450 A0 5% 13015 %
1610 53.8 5% 14025 %
1800 Bt ionchmidhin
1900 53345% 1.525%
| 2000 53.335% 15245%
| 2100 53.2 15 % 1.62 45 %
2450 1745 % PASS 1.95 £5 % PASS
2600 515 45% 11615%
| 3000 52.045% 27315%
L3500 513:5% 33155%
| 5200 #9.0+10% 530 £10%
| 5300 489 £10% 542 £10%
5400 487 £10% 553 £10%
5500 485 £10 % 5,65 £10%
SGIN AR5 $10% .77 £10%
SR00 AB2210% 6.00210%
74 SAR MEASUREMENT RESULT WITH BODY LIOUID
“Soltware CPENSAR V4
Phantom (SN 20/09 SAMT1
Probe SN 1811 EPG122
Liqud [ Body Liquid Values: eps” - 527 sigma : 1.94
[ Distance beiween dipole cenier and Hiquid 100 mm
Area scan resolution dae=EBmm/dyv=Emm
Zoon Scan Resolution dx=5mm/ dy=5m/d=5mm
Frequency 2450 MHz
Input power 20 dBm
Ligquid Temperature 21 "C
Lab Temperature 29
Lab Humadity 45 %
M'H, v 1 g SAR {W/kg/W) 10 g SAR (W kg/W)
msasured mmeasuned
2450 S0.67 [5.07) 2338 (234}
Page: 112
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LIST OF EQUIPMENT

Equipment Summary Sheet

e e e i Cem b e

SAM Phartom MVG sn-200s-saM71 [ONEIGD Nocal - eaed Mo cal

COMOSAR Test Banch Version 3 MA :‘;i"ff:gd No'cal iﬂmﬂ No cal
Network Analyzer | <09 % SCTWarZ | sntop132 o2z013 | o2rots
Calipers P CALIPER-01 1212013 1212016
Reference Probe MVG EPG122 SN 18/11 1012014 102015
Multimeter Keithiey 2000 1188656 1202013 12/2016
Signal Generator Agilent E4438C MY 49070581 12/2013 1212016

e | s | o[ e e
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A US3T181480 1272013 122016

Directional Coupler | Narda 4216-20 01386 ﬁ?mﬁﬁfﬁgjﬁ;‘f i’;ﬂrﬁgﬁmﬁﬁ
E“‘:“‘Ii’jir;t“&’?;f Control Comparny 11.651-9 8/2012 812015

Papge: 12/12
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SAR Reference Dipole Calibration Report

Ref : ACR.156.12.15.8ATU.A

WALTEK SERVICES (SHENZHEN) CO., LTD
1/F., FUKANGTAI BUILDING, WEST BAIMA ROAD,
SONGGANG STREET
BAOAN DISTRICT, SHENZHEN GUANGDONG 518105,
CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 16/15 DIP 2G600-376

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

llllllllllll

% e B .
%/~ |ACCREDITED]

Calibration Date: 05/16/2015

.'\-JHFHIM.'rr:fI'.'

This document presents the method and results from an accredited SAR reference dipole cahbration
performed in MVG USA wsing the COMOSAR test bench.  All calibration results are traceable o
national metrology institutions
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Name Function Date Signature
Prepared by : Jérome LUC Product Manager 6/5/2015 ﬁ'
Checked by : Jérdme LUC Product Manager 6/5/2015 jf-:'j"
Approved by : Kim RUTKOWSK] Quality Manager 6/3/2015 PP W ¥ T L
Customer Name
Waltek Services
': -
Distribution: | qpenshen) Co., Ltd

fssne Diare Madifications

A G/5/2015 Initial release
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1 Intreduction.....
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6.1 Return Loss and Impedance In Head Ligquid [

6.2 Retum Loss and Impedance In Body Liquid

6.3 Mechanical Dimensions

=l
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7.1 Head Liguid Measurement 7

7.2 SAR Measurement Result With Head Liguad ]
7.3 Body Liquid Measurement 9

74 SAR Measurement Result With Body Liguid 10

7]
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the [EEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Deviee Type COMOSAR 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model S1D2600
Serial Number SN 16/15 DIP 2G600-376
Product Condition (new /used) | New

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3l

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 COMOS AR test bench only.

Figure 1 - MTG COMOSAR Validation Dipole

Page: 411
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4  MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed 1o
verify that the product complies with the fore mentioned standards,

‘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 Glled fat phantom,
with the phantom constucted as outlined in the fore mentioned standards,

4.2 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 mum 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 Imernationally Accepted Guides to
Measurement Uncertainty.

51 CTLIRN LOSS

The following uncertainties apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Returm Loss
400-6000MHz 0.1dB

52 DIMENSION MEASUREMENT

‘The following uncertainties apply to the dimension measurements:

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

The guidelines outlined in the 1EEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to penerate the measurement uncertainty for validation measurements,
Sean Volume Expanded Uncertainty

lg 20.3 %

Page: 511
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10 g 20.1 %o

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUII

Froency, MH2

i R I ]

<RAK ] JEAD

L

10=
15
‘g i)
-
XN
£0-
Frequency (MHz) Return Loss (dB) Requirement (d13) Impedance
2600 -29.44 =20 33.4 L3+ ()] jE2
6.2 RETURN LOSS AND IMPEDANCE IN BOIY LICUTT
Fraquency, Mg
JS:I'.I o5 2580 Ee0 2580 W00 XN B0 ZXel X80 20
L
1]
Frequency (MIzx) Retum Loss (dB) Requirement (dB) Impedance
2600 -49.59 -20 .10 +039
63 MECHANICAL DIMENSIONS
Frequency MHz Lmm h mm dmm
remubred miasured required meamired requlned A sned
L) 420.0=1 % 250021 % 5352] %

FPage: 611
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450 290.0+1 % 166.7 £1 % 63521 5%
750 176,021 %. 100.0 21 %. 63521 %
R3S 161.0 21 % BBl % 16 %
300 149.0 21 %. B33:1% EEI
1450 89.1#1 % 517l % 3621 %
1500 80,511 % 50.011 M. 3611 %,
1640 79,041 %, A5.7 +1 % 3621 %
1750 7521 % 42931 % 1641 %
1800 T2.D %] % 417 2] % 3621 %,
1800 B68.0 1 % 39521 % 3621 %,
1850 66.3 £1 %. IBEEL N 1681 %
2000 64,5 £1 % EPATIN 1641 %
2100 51.011 5. 35711 W 361 %,
2300 55.5 %1 %, 32611l % 3621%.
450 SLE+1 % ELETIR S 1641 %,
2600 48.5 1%, PASS BB % PASS 161N PASS
3000 41,5 #1 %. 25011 %% 36 1%
3500 37.041 % 26,4 1 H. 361 %
3700 347+l % 26821 W 361 %

T VALIDATION MEASUREMENT

The IEEE Sid. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum 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
lengih centered and parallel 1o the longest dimension of the (Tat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

74
F MIHI Y Relative permitthvity (2] Conducthdty (o] 5/m
required maeasured required measured
300 45,3 5% 087 25 %
450 43,5 5% 0.87 £5%
750 41.9 £5% 0.89 25 %
B35 4155 % 09015 %
200 A1.5 5% 097 #5%
1450 0.5 £5 % 12025%
1500 A0.4 15 % 12315%
1840 40,2 £5 % 13125%
1750 40,1 £5 % 1375%
Page: 711
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1800 A0.0 £5% 1.40 #5 %
1300 40,0 £5% 14015 %
1950 400 5% 1.40 5 %
2000 40.0 £5 % 140 25 %
2100 98 +5% 149 15%
2300 8515 167 £5%
2450 392 15% 1BD 5%
2600 39.0 5% PASS 1.96 15 % PASS
3000 33.545% 240025 %
3500 379 £55 29115%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIOUID

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 20009 SAMTI

Probe SN 1811 EPG122

Ligud Head Ligusd Vialues: eps’ : 38.2 sipma : 1.93

[hstance between dipole center and hquid

100 mm

Area scan resolution

dx=Bmm/dy=8mm

Zoon Scan Resolubon

d=Smm/dy=Smm/dz=3mm

Frequency 2000 MHz
Input power 20 dBm
Lignd Temperature 21°C
Lab Temperature 21 *C
Lab Humidity 45 %a
ey 1 § SAR (W/kg/W] 10 g SAR (W/kg/W)
rmequined measured required measured
00 2,85 194
450 A58 306
T50 843 5.55
835 9.56 6:22
S00 g B99
1450 2 16
1500 05 68
1640 34.2 184
1750 36,4 19.3
1800 ELR FiiB ]
Page: 811
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1300 8.7 205
1350 40,5 0.9
2000 211 211
2100 8.5 219
2300 4B8.7 3.3
2450 52.4 24
2600 55.3 55.02 {5.50) .6 2430 (2.43)
3000 3.8 25.7
3500 67,1 %5

L

-l |
I-:'. o= |
eTINE I
¥ | ! Hhﬂ_‘"‘"—- .
-t T T a s | '_4 I\.J MEEIZTAZIRIDR
7.3  BODY LIOQUID MEASUREMENT
F"rm"‘" Relative permitthvity (6] Canduethity () 5/m
meguined maasured requined measuned

150 619 #5% 0.8 £5 %
300 58.7 #5% 0.92 £5 %
450 55.7 £5 % 0.94 25 %
750 55.5 £5% 0,96 £5 5%
832 552 +55¢ 0.97 5%
Q00 55.0 £5% 10525%
915 55.0 5 % 1.06 £5%
1450 54,0 £5 % 13055 %
1610 538 15 % 1.40 25 %
1800 53315% 151 35%
1900 53.315% 1.5225%
2000 533 45% 1.5215%
21040 53.2 £5% 16215%
2450 52.7 #5% 1.95 25 %
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2600 515459 PASS 21625 PASS
30040 52.0 5% 27345%
3500 513 #5% 33185%
5200 45.0210% 530 £10%
53040 AB.9 £10% 542110%
5400 487 £10% 5.53£10%
5500 AR5 £10% S.65£10%
S600 AR5 210% 577 210 %
S8 48,2 £10% 65.00£10%

74 SAR MEASUREMENT RESULT WITH BODY LIOUID

Sofltware OPENSAR V4
Phantom SN 20409 SAMTI
Probe SN 1811 EPG122
Liguid Body Ligusd Values: eps” - 51.6 siema : 2.21
[Dnstance between dipole center and Iaguid 10.0 mm
Area scan resolution de=Smm/dy=Emm
Zoon Scan Resolution de=3mm/dyv=5mm/dz=3mm
Frequency 2600 MHz
Input power 20 dBm
Ligund Temperature 21 *C
Lab Temperature 21*C
Lab Humidity 45 %
Ry 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
maasured maasured
2600 53.02 {5.30) 23.6612.3T7)

A

:'.1 [
1) I
. _k\_\\ [

: N [
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACR. 136171 5.8ATULA

8 LIST OF EQUIPMENT

Equipment Summary Sheet

el e P

SAM Prantom MVG SN-20/09-SAM71 Eﬁfe‘z‘_* e, :‘:‘;ﬁ;ﬁ" G: e

COMOSAR Test Bench|  Version 3 NA Eﬁfﬂ‘g"' ho ol :ﬁﬁ:ﬁ" o' cal
Network Analyzer [ RPO9e % S0MWarz | snigg0132 0212013 0212016
Calipers Carrera CALIPER-01 122013 122016
Reference Probe MVG EPG122 SN 1811 102014 10/2015
Mudtirmeter Keithley 2000 1188656 122013 122016
Signal Generator | Agilent E4438C |  Mv40070581 1212013 1212016

e Bl e
Power Meter HP E4418A LIS38261498 122013 1212016
Power Sensor HP ECP-E26A US27181460 1212013 12/2016

Directional Coupler | Narda 421620 01386 ﬁ;fmw"fgf:’egﬂﬁ;" f;ﬁ'ﬁ“ﬂ:fdmgu“ﬁ::
LEU”;E;?: e and | control Compary 11-661-9 812012 BI2015

Page: 11781
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17 Re-calibration for Dipole

17.1 DIPOLE 835 (SN 09/15 DIP 0G835-358)
Return Loss and Impedance in Head liquid(Mar 8,2016
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Return Loss and Impedance in Body liquid(Mar 8,2016)

835 -24.404 -20 46.90+4.997jQ
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17.2 DIPOLE 1800 (SN 09/15 DIP 1G800-360)

Return Loss and Impedance in Head liquid(Mar 15,2016

1800 -37.494

-20 48.7660-0.248jQ
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Return Loss and Impedance in Body liquid(Mar 15,2016)

1800 -25.849 -20 47.9920+7.543jQ
Return loss
%
Trel EEE) 08 Mag 1048/ Ref0dBE  Cal 1
511 .1 1.80000 Gz -25p40 uaJ
— @
— ]
FE S— —
=0 -H‘-“-""'h._‘ ’ffff
= i
=
-0
~-T0
- 80
Chl  Star 1.56 GHz Pw -10dBm Stop 2.05 GHz
Impedance
8
Tret B Smith Ref1lU  Cal |

1.800000 GHz 47602 O
&N IT543 0
61213 pH

Cht Stat 155GHz Pwr -10 dBm Sop 2.05 GHz

Waltek Services (Shenzhen) Co.,Ltd.
http://www.waltek.com.cn




Reference No.: WTS17S0169747E V1 Page 170 of 179

17.3 DIPOLE 1900 (SN 09/15 DIP 1G900-361)

Return Loss and Impedance in Head liquid(Mar 25,2016

1900 -31.607 -20 47.520-0.735jQ
Return loss
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Return Loss and Impedance in Body liquid(Mar 25,2016)
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17.4 DIPOLE 2450 (SN 16/15 DIP 2G450-363)

Return Loss and Impedance in Head liquid(Mar 28,2016

2450 -27.642 -20
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Return Loss and Impedance in Body liquid(Mar 28,2016)

2450 -27.494 -20 46.80-2.446jQ
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17.5 DIPOLE 2600 (SN 16/15 DIP 2G600-376)

Return Loss and Impedance in Head liquid(Mar 28,2016

2600 -27.314 -20 53.3160Q-3.186jQ
Return loss
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Return Loss and Impedance in Body liquid(Mar 28,2016)

Frequency(MHz) Return loss(dB) Requirement(dB) Impedance
2600 -30.161 -20 50.5970-3.015)Q
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18 SAR System Photos

Liquid depth = 15cm
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19 Setup Photos

ight Head Cheek ight Head Tilt

K T
Left Head Cheek Left Head Tilt

Body-Worn/Hotsspot (LCD UP) Body-Worn/Hotspot (LCD Down)
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Hotspot (TOP EDGE)

Hotspot (BOTTOM EDGE)
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20 EUT Photos
Front side
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Back side
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