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Summary:

This document presents the method and results from an accredited COMOSAR. E-Field Probe
calibration performed at MVG, using the CALIPROBE test bench, for use with a MVG COMOSAR
system only. The test results covered by accreditation are traceable to the International System of
Units (SI).
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1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE3
Serial Number SN 24/20 EP336
Product Condition (new / used} Used
Frequency Range of Probe 0.15 GHz-3GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.212 MQ
Dipole 2: R2=0.193 MQ
Dipole 3: R3=0.217 MQ

2 PRODUCT DESCRIPTION

2:) GENERAL INFORMATION

MVG’s COMOSAR E field Probes are built in accordance to the [EC/IEEE 62209-1528 and FCC
KDBB65664 D01 standards.

Figure 1 - MVG COMOSAR Dosimetric E field Dipole

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

3 MEASUREMENT METHOD
The IEC/IEEE 62209-1528 and FCC KDB863664 D01 standards provide recommended practices for
the probe calibrations, including the performance characteristics of interest and methods by which to
assess their affect. All calibrations / measurements performed meet the fore mentioned standards.

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

32 SENSITIVITY

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and fissue simulating liquid) using waveguides as outlined in the standards.
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33 LOWER DETECTION LIMIT

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

34 I[SOTROPY
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 to 360 degrees in 15-
degree steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box
filled with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave
dipole. The dipole is rotated about its axis (0°-180%) in 15° increments. At each step the probe is
rotated about its axis (0°-3607).

3.1 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
effect, the liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe nommal to the phantom surface, the peak spatial average SAR is measured and
compared to the analytical value at the surface.

The boundary effect uncertainty can be estimated according to the following uncertainty
approximation formula based on linear and exponential extrapolations between the surface and d,, +

d_., along lines that are approximately normal to the surface:

(a,, + d@)’ (o-utem)

SAR paay %= BAR,, for (dy, +d,p) <10 mm

2d,,, 8f2
where
SARuncertainty is the uncertainty in percent of the probe boundary effect
dhe is the distance between the surface and the closest zoom-scan measurement

point, in millimetre

Astep is the separation distance between the first and second measurement points that
are closest to the phantom surface, in millimetre, assuming the boundary effect
at the second location is negligible

o) is the minimum penetration depth in millimetres of the head tissue-equivalent
liquids defined in this standard, i.e., d~ 14 mm at 3 GHz,
ASARpe in percent of SAR is the deviation between the measured SAR value, at the

distance d}q from the boundary, and the analytical SAR value.

The measured worst case boundary effect SARuncertainty[%o] for scanning distances larger than
4mm is 1.0% Limit ,2%).
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4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to 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 95% confidence level using a coverage factor of k=2, traceable to the
Internationally Accepted Guides to Measurement Uncertainty,

Uncertainty analysis of the probe calibration in waveguide
Uncertainty Probability . Standard
ERROR SOURCES value (%) Distribution Divisor d Uncertainty (%)
Expanded uncertainty
95 9% confidence level k = 2 i
5 CALIBRATION MEASUREMENT RESULTS
Calibration Parameters
Liquid Temperature 20 +-1°C
Lab Temperature 20+-1°C
Lab Humidity 30-70 %
51 SENSITIVITY IN AIR
Normx dipole | Normy dipole | Normz dipole
1 (uVAVIMY) | 2 (VAVmMY [ 3 (uviAvimy?)
6.17 572 528
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
107 115 112

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

B=yB} +B +B;
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Calibration curves
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52  LINEARITY

0.75
0.50
0.25
0 0T - kel oo}t

1
lend

B

Linearity Emor (dB)

0 50 100 150 200 250 300 350 400 450 500 550 612
E-Field (V/m)

Linearity:+/-1.22% (+/-0.05dB)
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53  SENSITIVITY IN LIQUID
Liguid requien; ComvF
-+
100MHZ
HL700 700 546
HL750 750 5.35
HL850 835 5.21
HL900 900 5.53
HL1750 1750 4.94
HL1800 1800 4.57
HL1950 1950 4.41
HIL2300 2300 4.48
HL2450 2450 4.02
HL2600 2600 3.89

LOWER DETECTICON LIMIT: 6mW kg
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6 LIST OF EQUIPMENT
Equipment Summary Sheet
Equipment - Manufacturer / Current Next Calibration
Description Model  |dentification No.| oy otion Date Date
Validated. No cal Walidated. No cal
Flat Phantom MVG SN-20/09-SAMT1 required. equired.
COMOSAR Test Bench|  Version 3 NA elosted, Nounl. Nalusied. No el
required, required.
Network Analyzer R“"‘de%fﬂ"h‘”m 100203 05/2019 05/2022
Network Analyzer— | Rohde & Schwarz
Calibration kit 7V-Z235 101223 05/2019 0542022
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator | RoNde S Benwar 106589 04/2019 04/2022
. Characterized prior to |Characterized prior to
Amplifiar Asthercomm ShlAG test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 05/2019 05/2022
ol oo n Characterized prior to |[Characterized prior to
DimcHoral Couplar- | NecdHatl-a0 Qia8e test. No cal required. |test. No cal required.
Waveguide Mega Industries | 069Y7-158-13-712 [/alidated. Nocal  Walidated. No cal
required. Fequired.
: - ;i Malidated. Nocal \Walidated. Mo cal
Waveguide Transition | Mega Industries | 068Y7-158-13-701 equired. equired.

" - . Validated. No cal Walidated. Mo cal
\Waveguide Termination| Mega Industries | 069Y7-158-13-701 aquirad, beduired;
Temperature [ Humidly|  resto 184 H1 44220687 05/2020 05/2023

ensor
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1 INTRODUCTION

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

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

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 750 MHz REFERENCE DIPOLE
Manufacturer MVG
Muodel SID750
| Serial Number SN 47/14 DIP 0G750-340
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Bt N o
Figure 1 — MVG 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 to
verify that the product complies with the fore mentioned standards.

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

4.2 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS
The following uncertainties apply to the return loss measurement:

Frequency band ] Expanded Uncertainty on Return Loss
400-6000MHz | 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length

3-300 0.05 mm

53 VALIDATION MEASUREMENT

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

Scan Volume Expanded Uncertainty
1
lg 203 % [
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10 g 2001 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Foecmmiip. M

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
750 -25.20 20 | sa2q-39j0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MH:

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance =
750 -27.89 A -20 1 5370+2.0j0
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm - b mm d mm |
required measured required measured required | measured
| 300 430.0 41 % 250,041 %, 6351 %. | __
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450 T90.0 41 % 166.7 £1 %. 635 41%.
750 176041 %. PASS 100,0 £1 %, PASS 6.35 51 %, PASS
a5 16101 'h : 9.4 1% 35 1%
a0 149.041 %, g131%, A61%. 1
1450 89.1 41 %, 51731 % 36114
1500 80::196. 50.0 £1 %. ; 1621 %
1640 79041 %, 45,741 %, 3641%.
1750 75241 %. 42,911 % L 16l %
1800 72041 %, 0wt 161 %
1900 B8.0 11 % 39.5 +1 %, 1611 %
1950 66351 % 385 £19%, seaw ||
2000 645 +1 %, 375 % 36£1%
2100 61041 %. 3.7 41% 3641%,
2300 | sssam 12641 % 31651%,
2450 51541 % 0.4 41 % 361%
g 2600 48,5 11 %, 28BN 36t1%.
3000 41541 %, 25041% 1641 %.
3500 37.041 % T 2sat1m 3641%,
3700 34.741 %. 26411 %, 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 surface of the
dipole at the described distance from the bottom surface of the phantom.

il EAD LIQUID MEASUREMENT

m;"HT“ Relative permittivity {z,) Conductivity {a) 5/m
d quired measured
300 453 45 % 08745 %
450 43585 % 0.87 5%
750 1.9 £5 % PASS | 08315% PASS
835 A535% 0.90 5 %
500 41535 % 0.97 £5 %
1450 40585 % 1.20 £5 %
1500 40.4 £5 % 12335 %
1640 40.2 £5 % 13145 %
- 1750 40.1 45 % 13745 % | i
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1800 40025 % 140 £5 % =
1900 | 40025% La0ss s T
1950 Ww0085% | 14045%
2000 40.00 15 % 14025%
I 2100 39.845% 149125 %
I 2300 9545 % 167 25 %
2450 2450 18045 %
2600 39055 % 19645 %
3000 WE 5% 20045 %
3500 37945% 29145%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE S5td. 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 | W forward power. In
- bracket, the measured SAR is given with the used input power.

Software OPENSAR V4
_Phantom - SN 20409 SAM7TI
Probe SN I8/11 EPG122
Licuid Head Liguid Values: eps” @ 40.8 sigma £ 0.93
Distiance between dipole center und liquid 15.0 mm
Aren sean resolution di=8mm/dy=8mm
Zoon Sean Resolution dx=8mm/dy=8mm/dz=5mm
Fregquency 750 MHz
Linput power 20 dBm
Liguid Temperature 21°C
Lab Temperuture . 21°¢
Lab Humidity N [45%
N 15 SAR (W/kg/W) 10§ SAR (W/kg/W)
required measured required measired
300 2.85 194
450 458 3.06
750 849 £.31 (0.83) 5.55 5.45 [0.55]
R3S 9,56 6.22
S00 109 699
1450 29 16
1500 ans 168
1640 34.2 184
1750 364 pLE]
1R00 384 0.1
Pogae: 8711
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1900 397 20.5
1950 40.5 ] —m ]
2000 411 211
N 2100 436 i 21 9
2300 48.7 23 3
2450 s2a | 2
2600 w3 | 246
3000 638 259
3500 671 T 25
—3?UD 674 B 4.2

Tantien ¥ i Lok
L] L LLER SR E R R ] Enxn
|
73 BODY LIQUID MEASUREMENT
Fi
r!:lll:::bc\r Relative permittivity (g.°) Conductivity (o) §/m
gulred qui
150 61.945% 08045 %
300 5B215% 09245 %
450 56.7:5'% 094 45 %
50 55.515% PASS 0.96 25 % PASS
H3h 55.285% 0.97 £5 %
900 55.0:5% 1.05 15 %
915 55.0 45 % 1,06 6 %
1450 54.045% 13045 %
1610 535 5% 1LA0 5%
1800 533"4?‘. 15245 %
1900 53345% 15245%
2000 53315% 15245%
2100_ 162 #5%
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2300 52945 % 12145 %
i 2450 S2745% J..El_SJS";
I 2600 52545 % 2‘.‘1(" 5 _%
3000 S2.045% 17315%
3500 5135 % 3315 %
3700 51015 % - I5545%
5200 49.0 £10 % 530+10%
5300 489 £10% i 542 +10 %
—5400 487 110% 553 +10%
5500 486210% 5.65 £10 %
5600 48.5 210 % 577 10N
I SEDO L 4R.2 410 % 0l B.O0 +10 % o

74  SAR MEASUREMENT RESULT WITH BODY LIQUID

Soltware OPENSAR V4
- | Phantom = SN 20/09 SAMTI
Probe — SN IB/1L EPG122
| Liquid Body Liguid Valwes: eps’ : 56,7 sigma :
Distanee between dipole center und liguid 15.0 mm
Area scan resolution di=8mm/dy=Bmm 5 o
_Zoon Scan Resolution | dx=8mm/dy=8mm/de=Smm
Freguency T50 MHz
_Input power 20 dBm |
Liguid Temperature a1 °C
Lab Temperatur 121°%¢
Lab Humidity 45 %
F"::‘“"' 1.5 SAR (W/ke/W) 10 g SAR (W/kg/W)
measured measured
750 B.45 {0.85) 567 (0.57)
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8§ LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / | Current Next Calibration
Deseription Model  |Wdentification No.| ¢y ion Date Date
Validated. Mo cal Validated, No  cal
SAM Phantom MVG SN-20/09-5AM71 required. requirad,
: Validated. No cal Vali 1 Mo cal
COMOSAR Test Bench Version 3 NA required, b squired,
Network Analyzer | RNde & Sehwarz | gyq00137 0212019 0212022
Calipers Carrera CALIPER-01 0112017 01/2020
Reference Probe MVG EPG122 SN 18/11 10/2018 1072019
Multimeter Keithley 2000 1188656 o207 01/2020
Signal Generalor Agilent E4438C MY49070581 012017 01/2020
Characterized prior to |Characterized prior to
Ampiiier Aet - EN_{MS test. Mo cal required. |test. No cal required.
Power Meter HP E4418A US38261498 0172017 01/2020
Power Sensor HP ECP-E28A US37181460 01/2017 01/2020
: Characterized prior lo | Characlerized prior lo
Directional Coupler Marda 4216-20 01386 tesl. Mo cal required. |test. No cal required.
Temperature and
Hurnidity Sensor Cantrol Company 150798832 112017 1172020
Pagee: 11T
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ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHAI
STREET

BAO 'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 835 MHZ
SERIAL NO.: SN 29/15 DIP 0G835-383

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

R 141y,

SN

il“ )

e i =

f,,,///,—:\\\\\? [ACCREDITED
Pnlyl Caiaration CENT 5226502

Calibration Date: 04/26/2019

Summary:

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 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 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID835
Serial Number SN 29/15 DIP 0G835-383
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERATL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

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

41 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dR or better. The return loss measurement chall he pprf‘nrrn.sd acainst a liouid filled flat phnrﬂnm

noner Lhelai iy aillbo bs e R ensloqd i an lins g Lt g sl criormed agamel a Lgung niled ial phantom, "

with the phantom constructed as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length

3-300 0.05 mm

53 VALIDATION MEASUREMENT

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

lg 203 %
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10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz
840

§11,dB

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -24.51 -20 56.3 Q+0.8j8
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency. MHz
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -27.60 -20 523 Q+3.6)Q
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm hmm dmm
required measured required measured required measured
300 420.0 £1 %. 250.0 1 %. 6.3511 %.
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450 290.0 £1 %. 166.7 +1 % 63511 %
750 176.0 £1 %. 100.0 £1 %. 63511 %
835 161,041 %. PASS 89.8+1 %, PASS 3621%. PASS
900 145.0 1 %. 83.3+1 %. 3.6+1%.
1450 89.1+1%. 51.7+1%. 3.61%.
1500 80.5+1%. 50.0 +1 %. 3.6+1%.
1640 79.0 £1 %. 45.7 £1 %. 3.611%
1750 75.2£1%. 42,911 %. 3.6+1%.
1800 72.0 1%, 41.7 £1 %. 3641 %.
1900 68.0 £1%. 39.5+1 %. 3.611%.
1950 66.3 1%, 38,541 %. 3.6+1%.
2000 64.5 1 %. 37.541 %, 3.611%.
2100 61.0+1%. 35.7 +1 %. 3.611%.
2300 55.5 +1 %. 32.6+1 %. 3.6 +1%.
2450 51.5 +1%. 30.4 £1 %. 3.611%.
2600 485 +1%. 28.8+1 % 3.611%.
3000 41,5 +1%. 25.041 %. 3.6+1%.
3500 37.041 %, 264+1 %. 3.6+1%.
3700 34.7£1 %, 26,41 %. 3.611%.

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
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Fre&:eznw Relative permittivity {&/') Conductivity {c) S/m
required measured required measured
300 453 +5% 0.87 5%
450 435+5% 0.87+5%
750 419 +5% 0.89+5%
835 415+5% PASS 0.90£5% PASS
900 415+5% 0975%
1450 40515% 1.205%
1500 404 +5% 1.23+5%
1640 402 £5% 1.31+5%
1750 40.1+5% 1.3715%
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1800 40.0 £5 % 1.405%
1900 40.0 £5 % 1.4015%
1950 40,045 % 1.405%
2000 400+5% 1.405%
2100 39.845% 1.4915%
2300 39.5£5% 16715%
2450 39.245% 1.8015%
2600 39.045% 1.96 5%
3000 385+5% 2.4015%
3500 37.945% 2.915%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V4
Phantom SN 20/09 SAMT71
Probe SN 18/11 EPG122
Liquid Head Liquid Values; eps’ : 43.0 sigma : 0.89
Distance between dipole center and liquid 15.0 mm
Area scan resolution be=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 21°E
Lab Temperature 21:°¢
Lab Humidity 45 %
Frlfdeney 1 g SAR (W/ke/W) 10g SAR (W/kg/W)
required measured required measured
300 2.85 194
450 4.58 3.06
750 8.49 555
83s 9.56 9.85 (0.98) 622 6.27 (0.63)
900 109 699
1450 29 16
1500 30.5 168
1640 34.2 184
1750 36.4 19.3
1800 384 201
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1900 39.7 205
1950 405 209
2000 411 211
2100 43.6 219
2300 48.7 23.3
2450 52.4 24
2600 55.3 246
3000 63.8 257
3500 67.1 25
3700 67.4 24.2
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7.3 BODY LIQUID MEASUREMENT
F"’m‘i"“ Relative permittivity (') Conductivity (o] S/m
required measured required measured
150 61.9£5% 0.80 %5 %
300 582 5% 0.92 5%
450 567 £5% 0.9415%
750 55.5+5% 0.96 5%
835 55.215% PASS 0.97 5% PASS
900 550£5% 1.055%
915 55.05% 1.0615%
1450 54,0 £5% 1.3015%
1610 53.8+5% 1,405 %
1800 533+5% 1.52+5%
1900 533+5% 1.5215%
2000 53.3$5% 1.5215%
2100 53.2+5% 1.6245%
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2300 5295% 18135%
2450 527+5% 1.955%
2600 52545% 2.165%
3000 52.0+5% 2735%
3500 5135% 3315%
3700 51.0+5% 355:5%
5200 49.0£10°% 5.30210%
5300 489110% 5.42£10 %
5400 48.7 10 % 5.53£10%
5500 48.6£10 % 5.65110 %
5600 48.5+10% 5.77£10%
5800 48.2+10 % 6.00+10 %

7.4 SAR MEASURFMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps” : 56.7 sigma : 0.98
Distance between dipole center and liquid 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 835 MHz
Input power 20 dBm
Liguid Temperature 217
Lab Temperature 21 °C
Lab Humidity 45 %
F'el\j‘;fz"c" 1g SAR (W/kg/W) 10 g SAR {W/kg/W)
measured measured
835 9.95 (0.99) 6.50 (0.65)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer/ | .o tion No. Current Next Calibration
Description Model Calibration Date Date
Validated. No cal Validated. No  cal
SAM Phantemn MVG SN-20/09-SAM71 equired, required
COMOSAR Test Bench|  Version 3 NA Valcaied, Naeal  Malldated, Ko enl
Frequired. required.
Network Analyzer | Fhode % Schwarz SN100132 02/2019 02/2022
Calipers Carrera CALIPER-01 01/2017 01/2020
Reference Probe MVG EPG122 SN 18/11 1012018 10/2018
Multimeter Keithley 2000 1188656 01/2017 01/2020
Signal Generator Agilent E4438C MY49070581 01/2017 01/2020
Amplifier Acthercomm SN 046 tc:haracterized prior to|Characterized prior to
est. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 01/2017 01/2020
Power Sensor HP ECP-E26A Us37181460 01/2017 01/2020
N Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 150798832 112017 11/2020
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MVG COMOSAR REFERENCE DIPOLE
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R 141y,
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Calibration Date: 04/26/2019

Summary:

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 1528, FCC KDBs and
CELVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

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

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1800
Serial Number SN 46/11 DIP 1G800-186
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

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

41 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dR or better. The return loss measurement chall he pprf‘nrrn.sd acainst a liouid filled flat phnrﬂnm

noner Lhelai iy aillbo bs e R ensloqd i an lins g Lt g sl criormed agamel a Lgung niled ial phantom, "

with the phantom constructed as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length

3-300 0.05 mm

53 VALIDATION MEASUREMENT

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

lg 203 %
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10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Frequency, MHz
Dwuu 1720 1740 1760 1780 1800 1820 1840 1860 1880 1900
40~
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -26.66 -20 46.7 Q+3.0jQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency. MHz
1740 1760 1800 1820 1840 1860 1880 1900
40-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -30.03 -20 47302-1.61Q
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm hmm dmm
required measured required measured required measured
300 420.0 £1 %. 250.0 £1 %. 6.35+1 %.
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450 290.0 +1 %. 166.7 £1 %. 6.35 +1 %.
750 17601 %. 100.0 £1 %. 63541 %
835 161.0 +1 %. 89.8 +1 %. 3.641%.
900 149.0 £1 %. 83.311 %. 3.6+1%.
1450 89.1+1%. 51.7 +1 %. 3.61%.
1500 80.5+1%. 50.0 +1 %. 3.6+1%.
1640 79.0 +1%. 45.7 +1 %. 3.6+1%.
1750 75.2+1%. 42,91 %. 3.6+1%.
1800 72.0 1 %. PASS 41.7 1 %, PASS 3.6+1%. PASS
1900 68.0 +1%. 39.51 %. 3.6+1%.
1950 66.3 1%, 38541 %. 3.6+1%.
2000 64.5 +1%. 37.541 %. 3.641%.
2100 61.0+1%. 35.7 +1 %. 3.6+1%.
2300 55.5 +1 %. 32.6+1 %. 3.6+1%.
2450 51.5+1%. 30.4 +1 %. 3.641%.
2600 48.5 +1%. 28.8+1 %. 361 %.
3000 41.5+1%. 25.0+1 %. 3.6+1%.
3500 37.041 %, 26,441 %. 3.6+1%.
3700 34.741 %, 26.4 +1 %. 36+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 return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Fre&:eznw Relative permittivity {&/') Conductivity {c) S/m
required measured required measured
300 453 +5% 0.87 5%
450 435+5% 0.87+5%
750 419 +5% 0.89+5%
835 415+5% 0.90£5%
900 415+5% 0975%
1450 40515% 1.205%
1500 404 +5% 1.23+5%
1640 402 £5% 1.31+5%
1750 40.1+5% 1.3715%
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1800 40.0 £5 % PASS 1.405% PASS
1900 40.0 £5 % 1.4015%
1950 40,045 % 1.405%
2000 400+5% 1.405%
2100 39.845% 1.4915%
2300 39.5£5% 16715%
2450 39.245% 1.8015%
2600 39.045% 1.96 5%
3000 385+5% 2.4015%
3500 37.945% 2.915%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V4
Phantom SN 20/09 SAMT71
Probe SN 18/11 EPG122
Liquid Head Liquid Values; eps’ : 39.6 sigma : 140
Distance between dipole center and liquid 10.0 mm
Area scan resolution Be=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 21°E
Lab Temperature 21:°¢
Lab Humidity 45 %
Frlfdeney 1 g SAR (W/ke/W) 10g SAR (W/kg/W)
required measured required measured
300 2.85 194
450 4.58 3.06
750 8.49 555
83s 9.56 622
900 109 699
1450 29 16
1500 30.5 168
1640 34.2 184
1750 36.4 19.3
1800 384 39.07 (3.91) 201 20.29(2.03)
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1800 39.7 205
1950 40.5 209
2000 411 21,1
2100 43.6 219
2300 48.7 233
2450 52.4 24

2600 55.3 246
3000 63.8 257
3500 67.1 25

3700 67.4 242
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7.3  BODY LIQUID MEASUREMENT
F"’m‘i"“ Relative permittivity (') Conductivity (o] S/m
required measured required measured
150 619+5% 0.80+5%
300 582+5% 0.92+5%
450 56.7 5% 09415 %
750 55.5 +5% 0.96+5%
835 55.2+5% 0.97+5%
900 55.0+5% 1.05+5%
915 55.05% 1.0615%
1450 54.0 £5% 1.305%
1610 53.8+5% 1,405 %
1800 53.3+5% PASS 1.52+5% PASS
1900 53.345% 1.5215%
2000 53.345% 1.52+5%
2100 53.245% 1.62+5%
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2300 5295% 18135%
2450 527+5% 1.955%
2600 52545% 2.165%
3000 52.0+5% 2735%
3500 5135% 3315%
3700 51.0+5% 355:5%
5200 49.0£10°% 5.30210%
5300 489110% 5.42£10 %
5400 48.7 10 % 5.53£10%
5500 48.6£10 % 5.65110 %
5600 48.5+10% 5.77£10%
5800 48.2+10 % 6.00+10 %

7.4 SAR MEASURFMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps” : 52.8 sigma : 1.45
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 1800 MHz
Input power 20 dBm
Liguid Temperature 217
Lab Temperature 21 °C
Lab Humidity 45 %
F'el\j‘;fz"c" 1g SAR (W/kg/W) 10 g SAR {W/kg/W)
measured measured
1800 39.23(392) 20.56 (2.06)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No. Current Next Calibration
Description Model Calibration Date Date
Validated. No cal Validated. No  cal
SAM Phantemn MVG SN-20/09-SAM71 equired, required
COMOSAR Test Bench|  Version 3 NA Valcaied, Naeal  Malldated, Ko enl
Frequired. required.
Network Analyzer | Fhode % Schwarz SN100132 02/2019 02/2022
Calipers Carrera CALIPER-01 01/2017 01/2020
Reference Probe MVG EPG122 SN 18/11 1012018 10/2018
Multimeter Keithley 2000 1188656 01/2017 01/2020
Signal Generator Agilent E4438C MY49070581 01/2017 01/2020
Amplifier Acthercomm SN 046 tC:hr:mra::terized prior to|Characterized prior to
est. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 01/2017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
N Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 150798832 112017 11/2020
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