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This document presents the method and results from an accredited COMOSAR Dosimetnic E-Field
Probe calibration performed in MVG USA using the CALISAR / CALIBAIR test bench, for use
with a COMOSAR svstem only.  All calibration results are traceable to mational metrology
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1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG

Model S5E5

Serial Number SN 07/15 EP249

Product Condition (new / used) MNew

Frequency Range of Probe

0.45 GH=-3GH=

Resistance of Three Dipoles at Connector

Dipole 10 R1-0.233 MQ
Dipole 2: R2=0.204 MO
Dipole 3: R3=0.234 MQ

A wvearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

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

CEVIEC 62209 standards.

Figure 1 - MVG COMOEAR Dosimetric E field Dipole

Probe Length 330 mm
Lengeth of Individual Dipoles 4.5 mm
Maximum extermal diameter 8 mm
Probe Tip Extemnal Diameter 5 mm
Distance between dipoles / probe extremity | 2.7 mm

3 MEASUREMENT METHOD
The IEEE 1528, OET 65 Bulletin €, CENELEC EN30361 and CEVIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance charactenstics of
imnterest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

3.1 LINEARITY
The evaluation of the linearity was done in free space using the waveguide, 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 liguid) using waveguides as outlined in the standards.

33 'ER 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 fat phantom in the test configuration suggested for svstem
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 liguid, with the plastic box illuminated with the fields from a half wave dipole.
The dipole is rotated about its axis (("—180") in 15" increments. At each siep the probe is rotated
about ils axis (073607,

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 1o the interface. To evaluate this
effect, the liguid filled flat phantom is exposed 1o fields from either a reference dipole or waveguide.
With the probe normal 1o the phantom surface, the peak spatial average SAR is measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 63 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed 1o generate the measurement uncertainly associated with an E-field
probe calibration using the waveguide technique. All uncertainties listed below represent an
expanded uncertainty expressed al approximately the 95% confidence level using a coverage factor
of k=2, traceable to the Intermationallv Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide

. e Sl Uncertainty Probability . . Standard

ERROR SOURCES valsie (%) Distribution Divisor «l Uncertainty (%)
Incident or forward power 3.00%% Rectangular ;-"3 | 1 1.732%
Reflected power ERL T Rectangular ‘-'5' | 1 1.731%
Liguid conductivaty 5.00P% Rectangular 1."?3 | 1 2 88T
Ligquid permuttavity 40075 Rectangular n,"r3 | 1 2.305%

A

Freld homogeneity 300 Rectangular u: ! 1.732%
Freld probe positicmng 5.00P% Rectangular g'r:'! | 1 2387
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Field probe linearty 3.00%% Rectangular ‘-"fi- | 1.732%

Combined standard uncertainty 5.831%
Expanded uncertainty 12,09

93 %5 confidence level k=2 s

§ CALIBRATION MEASUREMENT RESULTS

Calibration Parameters

Liguid Temperature 21°C
Lab Temperature 21°C
Labh Humidity 45

51

SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
1 (uV/I(Vm¥®) | 2 (uVAVim)®) | 3 (uVi(Vim)y)
5.26 5.31 6.46
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
{mV) (mV) {mV)

93 97 93

Calibration curves ei~f{V) (i-1,2.3) allow to obtain H-feld value using the formula:

Calibration curves

[T =
"
00 --"..-'5'-""--
- =T
gim- = Do |
- =]
& 300 = Dipole 2
e
200
101‘.:/
1 1 i
G o5 010 015 020 02X 03 035 040043
Wellaga V)
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5.2 LINEARITY
Linearity
1.00=
07s-
g 050-
5 05
H s lgg gplig i b gl g i g o Y
EGM—M..,., i -t
E 0. 25~
5 Q.50
.75~
<1.00-; i
i 50 100 150 200 250 200 B2
E-Field [V/m)

Linearnty l+/-1.32% (+/-0.06dE)

5.3  SENSITIVITY IN LIOUID

Liguid Freguency Permuttivity Epsilon {5/m} ConvE
(MHz +/-
100N =)
HLA50 450 43.61 (L85 527
BL450 430 5839 .98 5.41
HL 750 750 41.85 0.92 4.72
BL750 750 536,20 (.96 487
HL850 835 42.52 .93 5.03
BLESD B35 53.21 (1,94 5.24
HL %0 O 42.07 (.94 4,85
BLS0O0O Q) 56.31 1.07 4.97
HL 1800 1 R0 41.72 1.37 4.23
B 1800 1800 53.00 | 53 4.34
HL 1900 1500 40.37 1.43 4.87
BL 1500 1500 3301 1.54 5.04
HL 2000 2000 4015 1.44 430
BL2000 2000 53.62 1.52 4.53
HL 2450 24500 38.31 1.81 4.22
BL2450 2450 5276 194 4.34
HL 2600 2600 3%.18 ].92 4,19
BL2600 2600 531.56 2.20 4.33

LOWER DETECTION LIMIT: 8mW/kg
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4 ISOTROPY

HL90 Mz
- Axial isotropy:

- Hemispherical isotropy:

HIL1800 Mz
- Axial isotropy:

- Hemispherical isotropy:
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6

LIST OF EQUIPMENT

Equipment Summary Sheet

i e
Flat Phantom MVG SN-20/09-SAM 74 ;“2::_‘:?;3"' No cal Eﬁﬁ? Mo cal
[COMOSAR Test Bench|  Version 3 NA ;“'E":f_‘:f';g" No cal Eﬂg‘“ No cal
Network Analyzer | Rnode 2 Sohwarz SN100132 0212016 0212018
Reference Probe MVG EP 94 SN 37/08 10,2016 10,2017
Muttimeter Keithley 2000 1188656 01/2017 01/2020
Signal Generator Agilent E4438C MY 45070581 Q12017 012020
Amplifier Aethercomm SN 045 &f‘;‘ﬁfgﬁ’ﬁﬁ'ﬂé‘f &'graﬁf:ﬁfgﬁﬁ
Power Meter HP E4418A US38261498 0172017 01/2020
Power Sensor HP ECP-E26A US37181460 0172017 01/2020
Directional Coupler | Marda 4216-20 01386 &ﬁ‘aﬁﬁfﬁﬁ? &Erﬁ:;f;sﬂ?e?
Waveguide Mega Industries | DB9Y7-158-13-712 ;‘:;E_‘:fézd' Nocal Eﬂgﬂ No cal
Waveguide Transition | Mega Industries | DE9Y7-158-13-T01 ;"":c::_‘:raézd- Mo cal Emgd Mo cal
\Waveguide Termination| Mega Industries | 089Y7-158-13-701 :";:jf‘;g" Nacal EE‘;’;"' o it
TENW’“&:‘;;‘“”‘”“’" Gontrol Company 150798832 1072015 1072017
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This document presents the method and results from an aceredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All calibration results are traceable to
national metrology institutions
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1 INTRODUCTION

This document contains a summary of the requirements set Forth by the IEEE 1328, FCC KDBs and
CEVTEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to venify 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 S1D750
Serial Number SN 0915 DIP OGT50-357
Product Condition (new / used) Used

A wvearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1325, FOCC KDBs and
CENIEC 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 svstem 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 retum loss of -20
dB or better. The return loss measurement shall be performed against a liquid flled Mat 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 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 1o the Internationally Acecepted Guides 1o

Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000MHe 0.1 dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 (rL05 mm

5.3 NALIDATION MEASUREMENT

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

g 20.3 %
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10g 20.1 %o
6 CALIBERATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUTD
Frequency. MHz
650 660 E30 00 720 T4D Tel 0 B0 20 840 650
- 20-
20
-y
4~
Fregquency (MEe) Retum Loss (dB) Requirement (dB) Impedance
750 -32.48 =20 51.6 02+ 1,702
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID

Frestpussricop, MiH 2
40 Tel

700

720 £40 B50

Fregquency (MHz) Return Loss (dB) Requirement (dB) Impedance
750 -23.50 -20 48.8 Q2 + 6.6 02
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm h mm d mm
requined measured required measured raquired measured
300 A20.0x1 % 250.0 £1 5.35 £1 %
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450 290011 % 166.7 £1%. 6.35121 %
750 176,041 5% PASS 100.0 1 % PASS £.35 +1 % PASS
835 161.0+1 % B8 1 % 3.6 1 %,
300 149041 % B33 81 % 3641 %,
1450 89.1 1% 51721 % 3.641 %,
1500 BO.S £1 % S0.021 % 3.6 %1%,
1640 7.021% 45.7 21 % 361 %
1750 75.2 21 %. 42941 % 3641 %
1800 72.021%. 41.7 21 % 3.6£1 %
1900 65.0 £1 %, 39521 % 3.6+1 %,
1950 66,3 21 %, 38521 % 3.6+1 %,
2000 4.5 21 %, 37581 % 3641 %,
2100 61,021 %, 35.7 £1 % 3641 %,
2300 55.5 1 % 3261 % 3.6 11 %.
2450 515 #1 %. 30.4 £1 % 3641 %,
2600 AR5 21 %, IR B 21 % 36511 %,
3000 41551 % 25021 % 3611 %
3500 37.081 %. 26,4 21 % 3621 %
3700 34,741 % 26481 % 3641 %

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEUVIEC 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
ligquid 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 LIOUTD MEASUREMENT

me ey Relative permittivity (5] Conductivity (o] 5/m
requined measuned required measured
apo 45.325% D.B7 25 %
A50 A3.5 25 % D.B7 £5%
750 41.925% PASS D.89 £5 % PASS
835 41.5 £5% 0.90 £5 %
900 A1.5 25 % 0.57 £5 %
1450 40.5 25 % 1.2025%
1500 A0 25 % L2325%
1640 A0.2 5% 1.3145%
1750 40.1 5% 1.37:5%
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1800 40.0 5% 1.40 25 %
1800 A0.0 25 % 1.40 25 %
1350 40.0 25 % 14025 %
2000 4000 £5 % 1.40 25 %
2100 39.825% 1.49 25 %
2300 39.5 15 % 1LET25%
2450 39.2 5% 18025 %
2600 30.0 25 % 1.96 £5 %
3000 AR5 5% 240125 %
3500 379 15% 291 5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIOUTD

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 vahidation.  All SAR values are normalized to 1 W forward power. In
bracket. the measured SAR is given with the used mpul power.

Software OPENSAR V4
Phantom SN 20/00 SAMTI
Probe SN 18/11 EPG122
Ligud Head Liguid Values: eps’ - 40.0 sigma : 093
[Distance between dipole center and liquid 15.0 mm
Area scan resolution dx=EBmm/dyv=8mm
Foon Scan Resolution dy Emm/dy=Emm/dz= Smm
Frequency 750 MHz
Input power 20 JdBm
Liguid Temperature 21°C
Lab Temperature 21 °C
Lab Humidiy 45 25
F
il 1 g SAR (W/kg/W] 10 g SAR (W kg/W)
requined measured required miasured
300 2.85 1.94
4350 4.58 3.06
750 £.49 & 78 [0.58) 5,55 5§72 (0.57)
835 9.56 6.22
00 109 6.59
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 19.3
1800 38.4 20.1
Page: 811
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Fef: ACH 3. 2185ATU.A

1900 39.7 20.5
1950 40.5 209
2000 41.1 211
2100 436 218
2300 48.7 233
2450 32.4 24
2600 55.3 24.6
3000 638 25.7
3500 67.1 25
AT00 67.4 4.2
/

Il

|

7.3 BODY LIOUID MEASUREMENT
PO Relative permitthvity (6] Canductivity () $/m
requined measured required maeasured

150 61.9 5% 0.80 5
300 S58215% 0.92 5%
A50 56.7 15 % 094 £5 %
750 55515 % PASS D.96 £5 % PASS
B35 55.215% 0.97 £5%
200 S5.025% 1.0525%
915 55.0 £5 % 1.06 15 5%
1450 54.0 £5 % 1.30 45 %
1810 53.815% 1.40 £5 %
1800 533 45% 1.52 £5%
1300 53345 % 1.52 25 %
2000 53.315% 1.52 5%
2100 53.215% 1.62£5%
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Fef: ACH 3. 2185ATU.A

2300 52.9£5% 1.B125%
2450 52,7 #5 % 195 5%
2600 52.515% 2.1625%
3000 52.0 £5% 273 85%
3500 51.3 £5% 3.3125%
3700 51.045% 35515 %
5200 49,0 £10 % 5.30 +10 %
5300 A4B.9 £10% 5.42 £10 %
5400 487 £10 % 5.53 £10%
5500 486 £10 % 5.55 £10 %
5600 48,5 £10 % 5,77 £10%
5800 A8.2 +10 % 5.00 £10 %
7.4 SAR MEASUREMENT RESULT WITH BODY LIQUILD
Software COPENSAR V4
Phantom Sh 20009 SAMTI
Probe SW 1811 EPGI22
Liguid Body Liguid Values: eps’ | 56.8 sigma ; 1.00
Dnstance between dipole center and liguid 15.0 mm
Atea scan resodulion dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=3mm
Freguency 750 MHz
Input powoer 20 dBm
Liguid Temperature 21 °C
Lab Temperature 21 °C
Lab Humsdity 45 %
T 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured mieasured
750 8.59 (0,86) 5.74 (0.57)
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Reft ACR.93. 2 18.5ATLU.A

B

LIST OF EQUIPMENT

Equipment Summary Sheel

Equipment | Manufacturer / Hentifction No. g Curent | Next Calibration
SAM Phantom MVG SN-20/09-SAM71 ?’;Lﬁ?;gd' LE Eﬁgﬂ N el
COMOSAR TestBench|  Version 3 NA Eﬁf‘;ﬁd' Lk iﬂﬁf‘éﬁ"' ol
Network Analyzer | node & Sohwarz SN100132 0212016 022019
Calipers Carrera CALIPER-01 01/2017 0172020
Reference Probe MVG EPG122 SN 18M11 102017 1072018
Multimeter Keithley 2000 1188656 0172017 01/2020
Signal Generator |  Agilent E4438C MY 49070581 0112017 01/2020
Amplifier Agthercomm SN 046 Eﬁmﬁgf?emm? &?raﬁéﬁe‘g‘uﬂf
Power Meter HP E4418A US38261458 0172017 01/2020
Power Sensor HP ECP-E26A US37181460 0172017 0172020
Directional Coupler | Marda 4216-20 01386 g:’ﬁf;‘:ffegjﬁg“ E‘;ﬁrﬁﬁe;ﬁ?gﬂ;g’
Egjﬂﬁ;‘”sr:n:gf Control Compary 150798632 10/2017 1012018
Page: 11/11
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SAR Reference Dipole Calibration Report

Ref : ACR.93.3.18.5ATU.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: 835 MHZ
SERIAL NO.: SN 09/15 DIP 0G835-358

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

L
Ao
i =
ilac-mMRA @}
% 7~y [AccreBiTen)

Haal sk

Calibration Date: 02/28/2018

;“;HHHJJ{I.”__!'.'

This document presents the method and results from an sceredited SAR reference dipole cahbration
performed in MVG USA using the COMOSAR test bench.  All calibration results are traceable 1o

national metrology institutions
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Reft ACRS1LLIZSATLLA

Name Function Diate Sigmnature
Prepared by : Jérome LUC Product Manager 3142018 ?‘5‘-";
Checked by : Jéerdme LUC Product Manager 3142018 ;ji%:s
Appraved by : Kim RUTKOWSKI Quality Manager INA2018 | o Aatheudi
Customer Name
Waltek Services
Distribution ; (Shenzhen)Co.,
Lid
lesne Date Medifications
A 3142018 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR. 73318 SATULA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FOC 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 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID335
Serial Number SN 0915 DIP OGE3S-358
Product Condition (new / used) Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

il GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance 1o 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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mve SAK REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.93.3, 18 SATILA

4 MEASUREMENT METHOD
The IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for sysiem validation measurements. The following measurements were performed to
verily 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 retum loss of =20
dB or better.  The retumn loss measurement shall be performed against a liquid filled lat phantom,
with the phantom consiucied as outlined in the fore mentioned standards,

4.2 MECHANICAL REQUIREMENTS

The [EEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test bench employs a 2 mm phamtom 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 unceriainty expressed at approximately the 93%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides 1o
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

The following uncertainties apply to the dimension measurements:

Length {(mm) Expanded Uncertainty on Length
3 - 300 005 mm

53 NALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

g 20.3 %

Page: 511
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SAR REFERENCE DIFOLE CALIBRATION REPORT

Red: ACR.P3 318SATU A

10 g 20.1 %
6 CALIBERATION MEASUREMENT RESULTS
6.1  RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fraquency, MHz
20 4D BED BED

e

GO0

1.4

1148

5.0
27.5-1

Fregueney (MIz) Return Loss (dB) Regquirement (d13) Impedance
235 -34.07 -20) 49.3 02 + 1.8 jQ2
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency, MMz
75 TR0 TR0 B0 B0 B40 @S0 B0 W00 %M 86

Requirement (dB)

Frequency (MHz)

Return Loss (dB)

Impedance

835 -22.96 -20 4530 +53jQ
6.3 MECHANICAL DIMENSIONS
Frequincy BHE L mm b mm d mm
resguined measured required measured required measured
300 A20.0 +1 W 250.0+1 % 535 +1 %
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450 290.0 £1 %, 166.7 21 % 6.35 £1 %

750 176.0 1 5. 1000 &1 %% 5.35 +1 %

835 161.0 £1 %. PASS 8981 % PASS 1621 %, PASS
apo 149,041 %, B33+1% 1641 %.

1450 #9141 % 51.7+1% 3641 %,

1500 805 1 %, 50.0+1 % 3621 %.

1640 79.0+1% 45.7 £1 % 31621 %,

1750 75.241% 42941 % 1621%,

1800 72.011% ALT 1 % 3,621 %.

1900 GB.0 1 %. 39541 % 3641 %,

1950 66.3 £1 %. RS % 3621 %,

2000 64.5 41 % 37541 % 3621 %.

2100 610%1% 35741 % 361 %,

2300 55,5 +1 %. 326%1 % 3621 %

2450 51.5 1 %. 300441 % 3641 %,
2600 48.5 £] 5. 2EE+]1 5% 3,621 %,

3000 41541 % 25041 % 361 %.

3500 37.081 %, 26.41 % 31621%.

3700 3781 %, 26,4 +1 %. 3641 %,

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 swface of the
dipole at the deseribed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

P Relative permittivity {s.') Conducthvity (c) Sfm
requined miasured required measured
ano 453 5% DB725%
A50 A31.5 15 % 087 45%
750 1.9 5% 0.89 £5 %
835 A1.5 5% PASS 0.90 £5 % PASS
900 41.5 5% D97 5%
1450 405 +5 % 1LID15%
1500 AQA 25 % 123125%
1640 0.2 15 % 13145%
1750 0.1 £5 % L3TE5%
Page: 711
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1800 0.0 £5 % 14025 %
1500 40.0 £5 % 14D £5 %
1950 40.0 5 % 1.40 5 %
2000 40.0£5 % 14025 %
2100 0.8 45% 1.49 +5 %
2300 39.55% 167 £5%
2450 30.245% LA0 5 %
2600 38.015% 1.96 25 %
3000 33.5+5% 200 +5 %
3500 37925 % 291£5%

7.2 SAR MEASUREMENT RESULT WITH HEATD LIOUIT

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 svstem validation. All SAR values are nommalized to 1 W forward power. In
bracket. the measured SAR is given with the used input power.

[ Software OPENSAR V4
Phantom S 20009 SAMTI1
Probe SHO18/11 EPG122
Liguid Head Ligud Values: eps” - 40.0 sigma - 0,90
Ihstance between dipole center and hguid 15.0 mm
Area scan resolution dx=Bmm/dv=8mm
Zoon Scan Kesolution de=Emm/dy=8mm/dz=5mm
Freguency 835 MH=
Input power 20 dBm
Luquid Temperature 21°C
Lab Temperature 21 5C
Lab Humidity 45 %%
Fragua
A 1 g SAR (W/kg/W) 10 g SAR [W/kg/W)
required measuned redquired s red
300 2.85 194
A50 A58 3.06
750 849 555
835 9.56 5,58 |0.96) 6.22 610 |0.61)
900 109 6,99
1450 29 16
1500 30.5 6.8
1640 34.2 1.4
1750 64 19.3
1800 g4 201
Page: 811
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1900 9.7 205
1550 ans 0.8
2000 a11 211
2100 13.6 218
2300 487 233
2450 521 4
2600 55.3 M6
3000 638 257
3500 B7.1 25
3700 £7.4 24.2
¥
il
14-
|
3, NI
E b
i | I |
o— e . o) ] e 1 ) I B A
Gl | h?"“-,. e |
| e, 55 i 02 B
b ] o) a3~ | | Tt
d 4 & B %01 i WE RN ME ST
B 1 bl e
7.3 BODY LIQUID MEASUREMENT
E
e Relative parmittivity (8] Conducthvity (o] 5/m
mrquined mizasuned roquired maasured
150 £1.9 £5 % 0.80 25 %
00 58.2 5% 0.92 £55%
450 56.7 +5 % 094 5%
750 55.5 25 % 0.9625%
e 552 £5% PASS 097 25% PASS
00 55.0 5 % 1.05 £5 %
915 550 5% 10625%
1450 54,0 £5 % 1.30#5%
1610 53,8 25 % 1.0 25 %
1800 53.3 5% 152 5%
1900 53.3 £5 % 152 %5 %
2000 53.3 +5% 152 5%
2100 53.2 +5 % 1.62 5%
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Rel: ACHL.93 318 5ATUA

2300 52.9 15 % LE1+5%
2450 52.7 15 % 19525 %
2600 52.5 155 21615 %
3000 52.0 £5 % 17325 %
3500 51.315% 331:5%
3700 51.0 25 % 355+5%
5200 A49.0+£10 % 5.30 £10 %
5300 48910 % 542 210%
5400 A8.7 +10 % 5.53110%
5500 48,6 £10 % 565210 %
5600 48,5210 % 5.77£10%
5800 48.2 +10 % 6.00 10 %

74 SAR MEASUREMENT RESL

TLT WITH BODY LIQUID

Software

OPENSAR V4

Phantom S 2008 SAMTI
Probe SN 18711 EPG122
Loicquie Body Ligquad Values: eps’ | 375 sigma : 0.96

[istance between dipole center and hguid

150 mm

Area scan resolution

dx=Emm/dy=Emm

Zoon Scan Resolution

dx=8mm/dy=Emm/dz=5Smm

Frequency 835 MHz
Input power 20 dBm
Liguid Temperaturs 21 *C
Lab Temperature 21 °C
Lab Humdity 45 %
ool 1 g SAR (W/kg/W) 10 SAR (W/ke/W)
measured measured
B35 9,78 (0.98) .39 (0.64)
S i et mgtan F

[l
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

B | R st ] e | G
SAM Phartom MVG SN-20/09-SAMT71 :‘;ﬂﬁfﬁ" Noical Eﬁ;ﬁd No ':‘“I
COMOSAR TestBench|  Version 3 NA Eﬁféﬁ‘_" No cal E::ffézﬂ' N calf
Network Analyzer | Rnode & Schwarz SN100132 0212016 0202019
Calipers Carrera CALIPER-01 0172017 01/2020
Reference Probe MVG EPG122 SN 18/11 102017 1072018
Multimeter Keithley 2000 1188656 012017 012020
Signal Generator Agllent E4438C MY 4907 (581 o207 01/2020
Armplifier Asthercomm SN 045 g:?rag;e:::gigﬁ;u g:?m;t:g:??egﬁ;?
Power Meter HP E4418A US38261498 0172017 0172020
Power Sensor HP ECP-E26A US37181460 0142017 0172020
Directional Coupler | Narda 4216-20 01386 bigiondsmpec g el iy
Temperature and | o0 company | 150798832 1012017 1072019

Humidity Sensor
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Ref : ACR.93.5.18.8ATU.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: 1800 MHZ
SERIAL NO.: SN 09/15 DIP 1GS00-3610)

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

. & [accreéDiTED
T L e

Calibration Date: 02/28/2018

Summary:

T'hs document preseénts the method and results from an accredited SAR reference dipole cahbration
performed in MVG USA wsing the COMOSAR st bench.  All calibration results are traceable 1o
national metrology institutions
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Name Funetion Date Signeature
Prepared by ; Jérdme LUC Product Manager 3142018 ?:fj_’
Checked by : Jérome LUC Product Manager 31472018 :;J?F'
Approved by : Kim RUTKOWSKI Quality Manager 42018 | L Acthsdh

Crstomer Name

Waltek Services

Diistribution ; {Shenzhen)iCo..
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FOC 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 Tyvpe COMOSAR 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model S1D1800
Senal Number SN 0915 DIP 1GEO00-360
Product Condition (new | used) Used

A vearly calibration interval 15 recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance 1o the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards. The product is designed for use with the COMOSAR 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 [or reference
dipoles used for system validation measurements. The Tollowing measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REOUIREMENTS

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

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1328 and CEUVIEC 62209 standards specifv 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
mim 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.

51 RETURN LOSS

‘The following uncertainties apply 1o the retumn loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000NM Hz 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length {(mm}) Expanded Uncertainty on Length
3-300 (.05 mm

53 NALIDATION MEASUREMENT

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

12 20.3 %
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10g 20,1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Frecuency, MHz

1780 1800 16N YE40 186D

1740 170

S11.d8

-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -25.49 -20 45.4 Q2 + 2.6 jQ
6.2 RETURN LOSS AND IMPEDRANCE IN BODY LIOUTD

Frespuerey MH7
T 10 1D 1RO

1800 160 VB0

1300

Frequency (MHz)

Return Loss (dB)

Requirement {dB)

Impedance

1800 -26.35 -20 45340 - 1.5 Q2
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm h mm d mm
required measured required measured required measured
00 420.0 £1 % 250.0 £1 % 6.35 +1 5.
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450 290.0£1 % 166.7 £1 % 6.35 11 %

750 176.0£1 %. 1000 21 5% 6.35+1 %

a35 161.0 #1 %. B9.811 % 3621 %

00 149,041 %, BA3+l% 3621 %

1450 89.141%. 51.7+1% 3681 %

1500 BO.5+1%. 50011 % 3621 %.

1640 79.0 £1% 45.7 +1 % 3621 %.

1750 75,2 +1 % A28+1 % 3621 %

1800 72.041 % PASS 41731 % PASS 3,621 % PASS
1900 R0 21 %, 39541 % 3681 %.

1950 66.3 +1 %. RS % 3621 %,

2000 64541 % 37541 5% 3621 %

2100 E1041% 35741 % 3621 %

2300 55.5 +1 %. 32611 % 3621 %

2450 51541 %. 3041 % 3681 %.
2600 485 £]1 %, 28811 5% 3,621 %,

3000 415415 25041 % 3651 %

3500 37.081 %, 26.451 % 3621 %,

3700 34741 %, 26441 % 3621 %

7 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 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 HEAD LIQUID MEASUREMENT

P Relative permittivity (s.") Conducthvity (c) Sfm

requined miagured required measured
ano 453 5% DB725%
A50 A31.5 15 % 087 45%
750 1.9 5% 0.89 £5 %
835 A1.5 5% 0.90 £5 %
900 41.5 5% D97 5%
1450 405 +5 % 1LID15%
1500 AQA 25 % 123125%
1640 0.2 15 % 13145%
1750 0.1 £5 % L3TE5%
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1800 40.0 $5 % PASS L4045 % PaSS
1900 40.0 15 % L.4D +5 %

1950 40.0 £5 % L4025 %
2000 40.0 15 % 1405 %
2100 30845 % 1.49 +5 %
2300 39.515% 16745 %
2450 39.2 25 % LED25%
2600 /O+5% 19655
3000 385 15% 2400 5%
3500 37.915% 2.91 45 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIOUITD

The IEEE Std. 1528 and CELIEC 62209 standards state that the svstem 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 OFENSAR V4
Phantom SN 20108 SAMT1
Probe SN 18711 EPG122
Liguid Head Liquid Valuees: eps” : 41.7 sigma - 1.46
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=Bmm /dy=8mm
Foon Scan Resolution d=Bmm/dy=Emm/dz=5mm
Frequency 1800 MHz2
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21 °%C
Lab Humdity 45 %
F
irited 1 g SAR (W/kg/W] 10 g SAR (W/kg/W)
requined miEasured requined mieasured
300 2.85 194
450 458 306
750 #.49 3.35
835 9.56 6.22
SO0 10.9 699
1450 18 16
1500 ans 16.8
1640 34.2 184
1750 36.4 193
1800 384 38.76 |3.88) 0.1 20.29 [2.03)
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1900 39.7 205
1950 40.5 208
2000 1.1 1.1
2100 436 219
2300 A48.7 233
2450 5.4 24

2600 553 4.6
1000 638 25.7
500 B67.1 25

3700 67.4 242

| \ Mt

o | ] REEELTEYEEIELY
vk B Wi o P
7.3 BODY LIQUID MEASUREMENT
IO Relative parmittivity (&) Conductivity (o) 5/m
requined measured required measured

150 61.9 +5 % 0.80 5 5%
el 1] 58.2 5 % 092 25%
450 56.7 15 % 0.94 25 %
750 S5.55% 0.96 £5 5
835 55.2 ¥5% 097 5%
900 55.0 +5 % L0545 %
915 550 £5% 10615%
1450 54.0 5% 13045%
1610 53.815% 1La0 5%

1800 53.3 £5 % PASS L52+5% PASS
1900 53.315% 152 £5%
2000 53.3 45 % L5245 %
2100 53.2 +5 % 162 25%
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2300 529 £5% 1.815%
2A50 52.715% 1.9515%
2600 S1.5 25 % 2.16 25 %
3000 52.0 5% 2TIE5%
3500 51346% 33125%
£ 51015% 35515%
5200 49,0 £10 5% 5.30+10%
S300 489 £10% 542 +10%
Sa00 48.7 £10 % 553 x10%
5500 AB.6 £10 % 5.65 £10 %
SE00 485 £105% 577 £10%
5800 AB.2 £10 % 6.00 £10 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIOUID

Software OPENSAR V4

Phantom SN 20/09 SAMTI

Probe SM 18711 EPG122

Lgqusd Body Liguid Values: eps’ : 53.9 sigma © 1 46

Digtance between dipole center and ligquid

10,0 mm

Area scan resclution

dx=8mm /dy=8mm

Zoon Scan Resolulion

dx=8mm/dy=8mm/dz=3mm

Frequency 1800 MH 2
Inpit power 20 d8m
Liguid Temperature 21°C
Lab Temperature 21 °C
Lab Hum idity 45 %,
‘"’:‘ﬁ"‘"’ 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
1800 38.90(3.89) 20.84 (2.08)
7 i r
7
Il
LAy 1 =T
N‘\\ ,
§ 4oe- \\
5 100
i el
o P
= « K W 1012 |.: |.n " .".'-?i XHEX
Comt ™ B | o
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

BT | o] b |
SAM Phartom MVG SN-20/08-SAMT ::‘q':j{f;gd Wo-cal :‘;fl':jfetff’ No " <
lcomosaR TestBench|  Version3 NA E}Eiﬁ“ _— :‘;ﬂﬁf;ed"' L
Network Analyzer | node & Bohwarz SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 0172017 0172020
Reference Probe MVG EPG122 SN 18H11 102017 1072018
Multimeter Keithley 2000 1188656 0172017 01/2020
Signal Generator Agilent E4438C MY4507 0581 012017 012020
Amplifier Aethercomm SN 046 g:?mﬁfﬁﬁ’ez{: ?";L“ g:f“a;fzgffem 'ﬁ;};‘
Power Meter HF E44184 LS38261498 0207 01,2020
Power Sensar HF ECP-E26A S37181460 m2z2;my 0172020
Directional Coupler Narda 4216-20 01386 Characterized prior to|Characterized prior to

test. Mo cal required. [test Mo cal required

Temperature and :
Humidity Sensor | Control Company 150798832 1002017 1072018
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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 1G200-361

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

aa

[ACCREDITED)

dela

Calibration Date: 02/258/2018

S!HNH!{H:I.".'

national metrology institutions

This document presents the method and results from an accredited SAR reference dipole calibration
performed i MVG USA wing the COMOSAR test bench.  All calibration results are traceable 1o
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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 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Muodel SID1900
Serial Number SN 0915 DIP 1G900-361
Product Condition (new / used) Used

A vearly calibration interval is recommended,

3 PRODUCT DESCRIPTION

i1 iENE ANFORM

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

Figure 1 - MG COMOSAR Validation Dipole
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4 MEASUREMENT METHOI»

The TEEE 1328, FCC KDBs and CEVIEC 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 retum 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 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 mim phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth fora 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 Intemationally Accepled Guides 1o
Measurement Uncerlainty.

5.1 RETURN LOSS

The tollowing uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-6000M He 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3300 0,05 mm

53 NALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed 1o generate the measurement uncerainty for validation measurements,
Scan Volume Expanded Uncertainty

lg 20.3 %
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10g

20.1 %a

6 CALIBRATION MEASUREMENT RESULTS

6.1

RETURN 1OSS AND IMPEDANCE IN HEAI TIQUTTD

16820

1500
0-

1.8

i

1640

18E0

=]

Freguency, bz

1900 10 Tl 19ED

1580

2000

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

1900

-24.20

-20

51.2 0 + 6.0 K2

6.2

RETURN LOSS AND IMPEDANCE [N BODY LIOUTD

1800

1820

311,48

17 5~
2 0-
225

250-

7.5

1880

185D

Fraquency, MHz

180 18000 1320 1540

1960 1380

2000

Frequency (.\lllx:}m Return Loss (dB) Requirement (dB) Impedance
1900 -22.45 -20 46.7 Q2+ 6.7 jQ2
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm h mm d mm
required measured required measured required measured
300 420,01 % 250.00£1 % 535 21 W
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450 290.0 £1 %, 166.7 21 % 6.35 £1 %

750 176.0 1 5. 1000 &1 %% 5.35 +1 %

a3s 161.0 21 %. 89.81 % 1621 %.

apo 149,041 %, B33+1% 1641 %.

1450 #9141 % 51.7+1% 3641 %,

1500 805 1 %, 50.0+1 % 3621 %.

1640 79.0+1% 45.7 £1 % 31621 %,

1750 75.241% 42941 % 1621%,

1800 72.011% ALT 1 % 3,621 %.

1900 B0 1%, PASS 39541 % PASS 1621 %, FASS
1950 65.3 1 %. RS % 3621 %,

2000 64.5 41 % 37541 % 3621 %.

2100 610%1% 35741 % 361 %,

2300 55,5 +1 %. 326%1 % 3621 %

2450 51.5 1 %. 300441 % 3641 %,
2600 48.5 £] 5. 2EE+]1 5% 3,621 %,

3000 41541 % 25041 % 361 %.

3500 37.081 %, 26.41 % 31621%.

3700 3781 %, 26,4 +1 %. 3641 %,

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 swiace of the
dipole at the deseribed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

F”;m"“ Relative permittivity {s.') Conductivity (o) S/m

requined miasured required measured
ano 453 5% DB725%
A50 A31.5 15 % 087 45%
750 1.9 5% 0.89 £5 %
835 A1.5 5% 0.90 £5 %
900 41.5 5% D97 5%
1450 405 +5 % 1LID15%
1500 AQA 25 % 123125%
1640 0.2 15 % 13145%
1750 0.1 £5 % L3TE5%
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SAR REFERENCE DIFOLE CALIBRATION REFORT

1800 40.0 £5 % LA025%
1900 40.0 25 % PASS 1.40 25 % PASS
1950 40.0 15 5% 1.40 5%
2000 0.0 25 % 1.40 25%
2100 ECEE 14925 %
2300 395:25% LET25%
2450 39.245% 1.BD 5%
2600 305 196£5%
3000 38.5 5% 2.0 £5 %
3500 TS5 % 2.59125%

The IEEE Std. 1528 and CENIEC 62209 standards state that the system validation measurements
shown below (for phantom thickness of 2 mm), within the
All SAR values are normalized to 1 W forward power. In

should produce the SAR values

uncertainty for the system validation.

bracket. the measured SAR is given with the used inputl power.

Software CPENSAR V4

Phantom Sh 2009 SAMTI

Probe SN 1811 EPG122

Laguid Head Liguid Values: eps’ © 385 sigma @ | 45

Dhstance between dipole center and hquad

1000 mim

Area scan resolution
Ead —

dx=8mm/dy=8mm

Zoon Scan Resolution

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

Frequency 1900 MHz
nput power 20 dBm
Liguid Temperature 21*C
Lab Temperature 21°C
Lab Humidity 459,
i 18 SAR (W/ke/W) 108 SAR [W/ke/W)
required maasuned requined miasuned
300 285 184
a50 A4.58 306
750 8.49 555
B35 9.56 622
00 10.9 5.99
1450 29 16
1500 305 16.8
1640 34.2 184
1750 364 193
1500 384 20.1
Page: 811
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Hef: ACR. 93618 5ATU A

1900 8.7 39.49 (3.95) 205 20.25 (2.02)
1950 A0.5 0.8
2000 411 1.1
2100 4316 218
2300 48.7 33
2450 52.4 24
2600 553 4.6
3000 63.8 5.7
3500 67.1 25
3700 67.4 4.2
= s r i

7.3 BODY LIOUID MEASUREMENT

it Relative permittivity (&) Conductivity (o] S/m
requined matauried required measured
150 61.9 £5 % 0,80 £5 %
D0 5H.2 5% 0.92 £5%
450 56.7 +5 % 0,94 £55¢
750 55525 % 0.96 25 %
B35 55.115% 097 25 %
SO0 55.0 15 % 1.05 £5 %
915 S5.015% 1.06 5%
1450 54.025% 1.30 25 %
1610 53.815% 1.40 £5 %
1800 33155 1.52 255
1900 53.315% PASS 1.5225% PASS
2000 53.345% 1.5225%
2100 53.215% 1.62 £5 %
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2300 52915% 1.8125%
2450 52.715% 1.95325%
2600 52545 % 1645 %
3000 5105 % 2.7315%
as500 513 15% 33]1315%
3700 51.0 45 % 355 45%
5200 43,0 £10 % 53010%
S300 48,9 £105% 542 x10%
S400 AR 7 +10 % 553 £10%
5500 ARG 10 % 5,65 £10 %
5600 48,5 +10% 577210 %
SEOD 48.2 £10 % 6.00 10 %

74 SAR MEASUREMENT RESULT WITH BODY LIOUTT

Software OFPENSAR V4
Phantom SH 20008 SAMTI
Frobe SN 18/11 EPG122
Liguid Body Liguid Values: eps’ ; 533 sigma - 1.56
Distance between dipole center and ligud 10,0 mm
Area scan resolution dy=Bmm /dv=8mm
Foon Scan Resolution dy~Emm/dy=3mm/dz=5mm
Frequency 19400 MH 2
Input power 20 dBm
Ligquid Temperature 212
Lab Temperature 21 ~C
Lab Humdity 45 %q
F
g i 1 & SAR (W/kg/W) 10 SAR (W/kg/W)
measuned measured
1900 a0.01 [4,00) 20084 |2.08)
F
_k il
i
]
e \\
fim .
1
1
My
a0 1 TS
EFEEEEREEEEEREFFFFEE
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration

Description Model  |dentibeationDNo.| ¢ ypionpate | Dute
SAM Phantom MVG SN-20/09-SAMT71 :;?:::j?égd Nocal E‘Lﬁi" No. cal
COMOSAR TestBench|  Version 3 NA :‘;ﬂ:ﬂg‘" Mo cal Eﬁfﬂtﬁd Mo calf
Network Analyzer | Hode ZB'VS;”“'“ SN100132 0272016 0212019
Calpers Carrera CALIPER-O1 o2z 0142020
Reference Probe MVG EPG122 SN 18/11 1042017 10/2018
Multimeter Keithiey 2000 1188656 01/2017 01/2020
Signal Generator |  Agilent E4438C MY 49070581 0102017 01/2020
Amplifier Aethercomm SN 045 E:?msr cn::a:ieg[ﬁre:ju g;?m&; ::f:lg&nég
Power Meter HP E44184 US38261498 012017 012020
Power Sensor HP ECP-E26A US37181460 0102017 01/2020
Directional Coupler | Narda 4216-20 01386 gz?miegffezﬁ;“ %?ﬁf:g:f?giﬂ“
L‘-:n"m’;‘gn:;f Control Company 150798832 1012017 10/2019
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17 SAR System Photos

Liquid depth = 15cm
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18 Setup Photos

Left Head Cheek I Left Head Tilt

Body-Worn(LCD UP) Body-Worn(LCD Down
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Data mode(LCD UP

el
Data mode(RIGHT EDGE) Data mode(BOTTOM EDGE)
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19 EUT Photos
Front side

Back side
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