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Lm Report No.: BL-EC21A0789-7/01&/02

COMOSAR E-FIELD PROBE CALIBRATION REPOR1 Ref: ACR.711.20: SATU.A
1 DEVICE UNDER TEST
Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 31117 EPGO321
Product Condition (new  used) New
Frequency Range of Probe 0.45 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1-0.200 MQ

Dipole 2: R2-0.226 MQ2

Dipole 3: R3-0.208 MQ

A vearly calibration interval 1s recommended.

2 PRODUCT DESCRIPTION

2.1

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

Figure 1 - WVG COMOSAR Dosimeiric E fleld Dipole

Probe Length 330 mm
Length of Individual Dipoles 2mm
Maximum external diameter 3 mm
Probe Tip Extemal Diameter 2.5 mm
Distunce between dipoles / probe extremity | 1| mm

3 MEASUREMENT METHOD

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

31 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 kg,
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mvag COMOSAR E-FIELD PROBE CALIBRATION REFOR1 Ref: ACR.711.20: SATU.A

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 W CTECTION

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

34 [SOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the 1Tat phantom in the test configuration suggested for system
validations and checks, The probe was rotated along its main axis from 0 - 360 degrees in 135 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°-1807) in 15° increments. At cach step the probe is rotated
about its axss (0 -360°).

35 BOUNDARY EFFECT

The boundary effect i1s 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 s 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 to the analvtical value at the surface.

E MEASUREMENT UNCERTAINTY

The guidelines outlined in the TEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEIIEC
622019 standards were followed to gencrate the measurement uncertaimty associated with an E-ficld
probe calibration using the waveguide techmique. All uncertmintics 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 to Measurement Uncertainty.

Uncertainty |  Probability Standard
ERROR SOURCES value (%) Distribution Divisor ol Uncertainty (%)
Incident or forward pawer 3007 Rectangular \,'S | 1 1.732%
Reflected power 3.0 Rectangular \’5 | 1 1.732%
Ligquid conductivity 5.000% Rectangular \'S | 1 2887%
Liquid permittivity 4.00P% Rectangular \"5 | 1 23054
Faeld homogeneny 3.00P% Rectangulur Vi 1 1.732%
Field probe positioning 5.000% Rectangular \'S | 1 2887

FPage: 3/10
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COMOSAR E-FIELD PROBE CALIBRATION REPOR1

Field peobe linarity 3.00% Rectangular V3 | | 173204

Combined standard uncertainty 5831%
Expanded uncertainty 1200

95 ¢4 confidence Jevel k= 2 i

5  CALIBRATION MEASUREMENT RESULTS

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

5.1 SENSITIVITY IN AIR

Normx dipole | Nommy dipole | Normz dipole
1 (VAVIMP) | 2 (uVIOVimy) | 3 (pViVim)')
0.62 0.76 0.67

DCP dipole | | DCP dipole 2 | DCP dipole 3
{(mV) (mV) (mV)
91 93 96

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

B43- -
a0 A=
s s
§_ s | 1:;/ Dipole |
§ %0 /"' Dipoke 2
< 20
10 //
0 '
000 ooz 004 0.06 oo0s o n
Voltage (V)
Fage: /10
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COMOSAR E-FIELD PROBE CALIBRATION REFOR1 Ref: ACR. 711 20 SATU.A
5.2 LINEARITY
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53 SENSITIVITY IN LIOUID

100MH2)
HL450 450 42.17 (O 86 186
BLA450 450 5765 095 1.91
HL750 750 4003 093 1.60
BL750 750 56 83 1.00 1.66
HLR8350 835 4219 ] 1. N
BLESO 835 5467 1.01 1.78%
HL9X) K00 4208 1.01 168
BLYO o 5525 1.08 1.73
HL 1800 1800 4168 146 1.86
BL18D) 1800 5386 1.46 1.90
HL 1900 1900 3845 1.45 2.17
BL1900 1900 5332 1.56 223
HIL2000 2000 3826 1 38 216
BL20O 2006 S2.70 1.51 2.25
HL.2450 2450 3750 1 80 233
BL2450 2450 5322 189 241
HE. 2600 2600 39.80 1.99 2.29
BL2GOO 2600 5252 223 237
HLS200 5200 3564 4.67 2.21
BLS200 5200 48 64 551 226
L5400 5400 3644 4.87 217
BL340X) 5400 4652 577 224
HL 5600 S600 3666 517 2327
BLSGO 5600 4679 5.77 235
HLSB00 5800 3531 531 233
BLSSOO SB00 47.04 & 10 239

LOWER DETECTION LIMIT: 8mW/'kg
Fage: 7/10
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COMOSAR E-FIELD PROBE CALIBRATION REPOR1 Ref: ACR.711.20: SATU.A

54 ISOTROPY
HL900 Mz

- Axial isotropy: 0,04 dB
- Hemispherical isotropy: 0.05 dB
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- Axtal isotropy: 0.04 dB
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SG0 M Hz
- Axual isotropy: 0.06 dB
- Hemispherical isotropy (.09 dB
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Report No.: BL-EC21A0789-7/01&/02

COMOSAR E-FIELD PROBE CALIBRATION REPOR1

Ref: ACR. 71120 S5ATUA

6 LIST OF EQUIPMENT
Flat Phartom MVE SN-20/08-SAM71 V:q':j::f’ Nt g?&d b cal
COMOSAR Test Bench|  Version 3 NA ‘Lﬂ;".;‘e’z" No-ad :L‘f’;" Ho' aal
Network Analyzer | RNode 2 B0W@tZ | gyin013 0212018 0212022
Reference Prabe MVG EP 94 SN 37/08 102019 102020
Muttimeter Keithley 2000 1188656 012017 01/2020
Signal Generator | Agilert E4435C | MY49070581 0112017 012020
Ampitier Aethercomm SN D45 !Cer:ra&emgzgo &Fm&gﬁf@gﬁ;?
Power Meter HP E4418A US38261408 0112017 0112020
Power Sensor HP ECP-E26A US37181460 01/2017 0112020
Directional Coupler | Narda 4216-20 01386 g’;?’a,ﬁo'”g;ﬁ’egﬁ'e? &;’“’;‘:gﬁg}ﬁ;g
Waveguide Mega Industnies | 089Y7-158-13.712 [/210eted No cal :’;]"Lf;;d P2t
Wavegude Trarsition | Mega Industries | 069Y7-158-13-701 [(S1491E Mo <! :’e‘:;':”r;g" b os
Wavegude Terminatior{ Mega Industries | 083Y7-158-13-701 [\ 12etedl Noca! :’;"L“’fe‘ff o
Temperalure / HUmdty| Gontrol Company 150798832 1172017 1112020
Page: 1010
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F.2 835 MHz Dipole

SAR Reference Dipole Calibration Report

Ref : ACR.78.7.19.SATU.A
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y
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Calibration Date: 03/20/2019

Swmmary:!

Thes document presents the method and results from an sceredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All calibration results are traceable o
national metrology insttutions
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-@@1 Report No.: BL-EC21A0789-701&702

SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACR.T8.19.5ATU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1328, FCC KDBs and
CEVIEC 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 835 Mz REFERENCE DIPOLE
Manufacturer MVG
Model SID835
Serial Number SN 11/17 DIP 0GR3S-447
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 ENERAL INFORMATIO

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

Page: #/11
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SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACR.T8.19.5ATU.A

Report No.: BL-EC21A0789-7/01&/02

4  MEASUREMENT METHOD

The [EEE 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.

41

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The retumn loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined m 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 0 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 ghell thickness,

s 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 Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertaintics apply 10 the return Joss measurement:

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

52 DIMENSION MEASUREMENT
The following uncertamties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
3 - 300 0.05 mm

$3 Vi ON MEASUREME

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

g 203 %

/s

Page: 311
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SAR REFERENCE DIPOLE CALIBRATION REPOR1 Ref: ACR.TST19.5ATUA
10g 20.1 %
6  CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID
Freguency MH:
» '\ X o | "] N aJ) » ) A s
Y
=
o
Frequency (MHz) Retum Loss (dB) Requirement (dB) Impedance
835 -34.07 20 4930+18 I"-)

6.2 RETURN LOSS AND IMPERANCE IN BODY LIQUID

Froamecy, MMz

| Frequency (MHz) | Retumn Loss(dB) | Requirement (dB) | Impedance
835 -22.96 =20 43530Q+5310
6.3 MECHANICAL DIMENSIONS
Frequency M2 L men h men d mm
required measured required measured required measured
00 1200 £1 25001 % 63521 %
Page: 6/11
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SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACR.T8.19.5ATU.A

430 2500 21 % 166,721 % 63521 %

750 176021 % I00.0£1 %, 63521 %

B3% 161021 % PASS 2381 % PASS 1621% PASS
500 149.021 % 831s1% 3621%

1450 89121 %, 51781% 1621%

1500 BO5 1%, 50041 5% 3621%

1640 75021 % 45781 % 36219

1750 78221 %, 428219 1621%

1800 72021%, 41721% 36x1%

1500 62041 %, 39541 % 3621%

1550 66311 %, 38541 % 36£1%

2000 BAS 1%, 375481 % 3621%

2100 61041 %, 35741 % 36£1%

23100 55531 %, 12621% 1621%

2450 51531%, 0421 % 1621%

2600 1B521%, 2BE1% 3621%.

3000 11521%, 25,021 % 3621%

3500 37041 % 264 41 % 3621%

3700 34741 %, 26481% 3621%

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using o reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled fat 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 1o the Jongest dimension of the Mlat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

71 HEAD LIQUID MEASUREMENT

. Relative permittivity (&) Conductivity (0) S/m
300 A535% 0B725%
50 5% 08715 %
750 aasn 0.8955%
835 415 5% PASS 0.90£5 % PASS
200 Al 5e5% 05745%
1450 AMEEEN 1.20£5%
1500 Yy 12355%
1640 0.2 45 % 13145 %
1750 A15% 137£5%

Page: 7/11
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SAR REFERENCE DIFOLE CALIBRATION REPORT Ref: ACH.TST19.5ATU.A
1800 00:5% 14045 %
1900 MOE5% 140£5%
1950 WO % 1LAD£5%
2000 £0.025% 10025 %
2100 1B 5% 1.4925%
2300 0515% 167 5%
2450 392:5% 18025%
2600 BOSN 156¢5%
3000 38515% 20045%
350 3798 % 251¢5%

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 nommalized to 1 W forward power. In
bracket. the measured SAR is given with the used input power.

Software OPENSAR V4
Phantom SN 20009 SAM71
Probe SN 18/11 EPGI22
Lquid Head Liguid Values: eps’  40.0 sigma (.90
Dustance between dipole center and bgud 15.0 mm
Aren scun resolution dy-Smm/dy-Smm
Zoon Scan Resolution dx=Bmm/dy~8mm/ds=Smm
Frequency 835 MHz
Input power 20 dHm
Laguid Temperature 21°C
Lub Temperature 21 *C
Laub Humudity 45 %
e 1 ¢ SAR (W/ke/W) 10 § SAR (W/kg/W)
300 285 194
ase 4538 06
750 848 55%
83S 9.56 5.58 (0.96) 6.22 6.10(0.61)
00 108 649¢
1450 29 16
1500 305 168
1640 342 18.4
1750 364 193
1800 384 201
FPage: &11
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACH.TST12.5ATUA

1900 387 205

1950 40.5 20

2000 411 2131

2100 436 215

2300 48.7 231

2450 524 24

2600 55.3 206

3000 633 257

3500 671 25

3N0 L YRS 242

fil
K< r
f I |
@ £, % |
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Fn’::xmv Relative permittivity () Conductivity (0] $/m

150 61915% 0.80 3%

300 SB285W 0.9245%

as0 6.7 5% 0594 +5%

50 5555 % 09645%

836 52450 PASS 0.5745% PASS

a00 55.025% 106525%

315 55.0£5% 1.06£5 %

1450 S0 % 1.304£5%

1610 S3825% 1LAD45%

1800 3325 % 15215%

1300 533 15% 1.52 5%
2000 55.325% 15215%

2100 53.245% 162 £5%

FPage: %11

Tivis docwment shaedl neyt by reprodaced excaps in A ov in part. selthont e westieon spyaerad of MVT
The tformation conatned heredn 13 10 by wsad only fov the purpuose for wilieh 1t L oebwatsd and 1s mo &0
e redeaned (v whwale or peart withow writem appeoval of MIYE




LUl

t No.: BL-EC21

89-

01&/702

SAR REFERENCE DIPOLE CALIBRATION REPORT Rl ACR.TRLI9IATL.A
2300 S29485% 181¢5%
2450 S2.745% 15545%
2600 52545% 216 45%
3000 S2025% 27325%
1500 S13:5% 35 %
N0 51025% 35515 %
5200 AQ0210% 530£10%
5300 439 210% 542 £30%
SN0 487 t10% S53 0%
5500 A86210% 565210%
600 a85210% .77 210%
S800 482:210% 600210%
74 SAR MEASUREMENT RESULT WITH BODY LIOUID
Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN IR EPGIZ2
Laquid Body Liquxl Values: eps’ 57 5 sigma . 0.96
Dastance between dipole center and bgusd 150 mm
Area scan resolution dx~Emm dy-Smm
Zoon Scan Resoluon dxSmm/dy=8mm dz~ Smm
Frequency 835 MHz
Inpt power 20 dBm
Laxguid Tempernture al *C
Lab Temperature 2l c
Lab Humidity 45 %
vl 1 £ SAR (W/kg/W) 10 ¢ SAR (W/kg/W)
measured measured
838 §.78 |088) 6.33 (0.64)
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SAR REFERENCE DIFOLE CALIBRATION REPORT

Ref: ACRTS T 19.SATUA

8  LIST OF EQUIPMENT

Valigated No cal Validated No cal
SAM Prantom MVG SN-20/08-SAM 71 equired equired
Validated No cal \Validated No cal
ICOMOSAR Test Bench Version 3 NA equired fequired
Network Analyzer | o0€ & Sormwarz SN100132 022019 0272022
Calipers Carrera CALIPER-01 0172017 01/2020
Reference Probe MVG EPG122 SN 1811 1072018 1vams
Mutimeter Keithley 2000 11886856 012017 0172020
Sygnal Generator Agilert EA438C MY49070581 0112017 01/2020
Characterized prior to |Charactenzed prior to
mpi Asthemomm SNO4e test No cal required. [test No cal required
Power Meter HP E4418A US38261458 012017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
Characterzed poor to |(Charactenzed prior to
Dwectional Coupler Nards 4216-20 01386 test No cal required [test No cal required
Temperature and B
Humidity Sersor Control Compary 150798832 1112017 112020
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[AccREDITED]

Calibration Date: 03/20/2019

Summary:!

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

national metrology insttutions
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-@@1 Report No.: BL-EC21A0789-701&702

SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACR.79.19.5ATU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1328, FCC KDBs and
CEVIEC 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 1800 MHz REFERENCE DIPOLE
Manufacturer MVG
Maodel SID1800
Serial Number SN 11/17 DIP 1GR0O-449
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 ENERAL INFORMATION

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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SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACR.79.19.5ATU.A

Report No.: BL-EC21A0789-7/01&/02

4  MEASUREMENT METHOD

The [EEE 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.

41

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The retumn loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined m 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 0 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 ghell thickness,

s 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 Accepted Guides 1o
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertaintics apply 10 the return Joss measurement:

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

52 DIMENSION MEASUREMENT
The following uncertamties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
3 - 300 0.05 mm

$3 Vi ON MEASUREME

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

g 203 %

/s
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SAR REFERENCE DIFOLE CALIBRATION REPORT

Ret: ACH.TS9195ATUA

10g

20.1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1

RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

@

Freguency MH:

1720 & I 1w

10 W0 10

1960 X |

L LY

Frequency (MHz)

Retum Loss (dB)

Requirement (dB)

Impedance

18(X)

20

0.2

2 RETURN LOSS AND IMPERANCE IN BODY LIQUID

=

-

Fieguevey

1720 17 150 130

MMy
1800 8 1840

4540+ 2.6)Q

| Frequency (MHz)

__Retum Loss (dB)

__Requirement (dB)

_Impedance
4540- 1,502

1800 -26.35 -20
6.3 MECHANICAL DIMENSIONS
Frequency M2 Lmm h men d mm
required measured required measured required measured
4200 £1 250021 % 63521 %

300

Thvis o wmend sdaadl eyt byt roy

The drgforaat
A
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SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACH.T9.19.5ATU.A

430 250041 %. 166,721 % 63521 %

750 176021 % I00.0£1 %, 63521 %

B3% 161021 % 2381 % 1621%.

500 149.021 % 831s1% 3621%

1450 89121 %, 51781% 1621%

1500 BO5 1%, 50041 5% 3621%

1640 75021 % 45781 % 36219

1750 78221 %, 428219 1621%

1600 72021%, PASS 417:1% PASS 36x1% PASS
1500 62041 %, 39541 % 3621%

1550 66311 %, 38541 % 3621%

2000 BAS 1%, 375481 % 3621%

2100 61041 %, 35741 % 36£1%

23100 55531 %, 12621% 1621%

2450 51531%, 0421 % 1621%

2600 1B521%, 2BE1% 3621%.

3000 11521%, 25011 % 3621%

3500 37041 % 264 41 % 3621%

3700 34741 %, 26481% 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
liquid filled fat 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 1o the Jongest dimension of the Mlat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

71 HEAD LIQUID MEASUREMENT

. Relative permittivity (&) Conductivity (0) S/m
300 A535% 0B725%
50 5% 08715 %
750 aasn 0.8955%
835 415 5% 0.90£5 %
200 Al 5e5% 05745%
1450 AMEEEN 1.20£5%
1500 Yy 12355%
1640 0.2 45 % 13145 %
1750 A15% 137£5%
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Lm Report No.: BL-EC21A0789-7/01&/02

SAR REFERENCE DIFOLE CALIBRATION REPORT Ref: ACH.T9.19.5ATU.A
1800 00:5% PASS 14045 % PASS
1900 MOE5% 140£5%

1950 WO % 1LAD£5%
2000 £0.025% 10025 %
2100 1B 5% 1.4925%
2300 0515% 167 5%
2450 392:5% 18025%
2600 BOSN 156¢5%
3000 38515% 20045%
350 3798 % 251¢5%

MEASUREMENT RESULT WT EAD LIQUID

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

Software OPENSAR V4
Phantom SN 20009 SAM71
Probe SN 18/11 EPGI22
Lquid Head Liguid Values: eps” 41 7sigma 146
Dustance between dipole center and bgud 10.0 mm
Area scun rescolution dx-Smm/dy-8$mm
Zoon Scan Resolution dx=Bmm/dy~8mm/ds=Smm
Frequency 1800 MHz
Input power 20 dBm
Laguid Temperature 21°C
Lub Temperature 21 *C
Laub Humudity 45 %
e 1 ¢ SAR (W/ke/W) 10 § SAR (W/kg/W)
300 285 194
ase 4538 06
750 848 5588
83S 9.56 6.22
00 108 649¢
1450 29 16
1500 305 168
1640 342 18.4
1750 364 193
1800 384 3876(3.88) 201 2029 (2.03)
FPage: &11
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACHL. TS 19 SATUA

No.: BL-EC21A0789-701&702

1900 39.7 205
1950 0.5 2
2000 411 2131
2100 236 2158
2300 4.7 23
2450 524 2
2600 55.3 206
3000 6318 57
3500 671 25
aNo L YRS 292
i
—
i
‘ 11
" PN
4% ——
s - A e
7.3
Fn’::xmv Relative permittivity (&) Conductivity (0] $/m
150 61915% 0.80£5%
300 SB285W 09245%
aso 6T 5% 0594 +5%
750 555 15 % 0.9645%
236 52450 05715%
300 55.0 25 % 1.05 25 %
a1s 55.05% 1.06£5%
1450 S0 % 1.3045%
1610 S3845% 140 45 %
1800 3325 % PASS 15245 % PASS
1300 53.315% 1.52£5%
2000 53.345% 1,52 £5%
2100 $3245% 16245 %
FPage: %11
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SAR REFERENCE DIPOLE CALIBRATION REPORT

t No.: BL-EC21

89-701&702

Ref: ACHL. TS 19 SATUA

2300 S2945% 181£5%
2450 S2.7¢5% 155¢5%
2600 525:5% 2.1625%
3000 52025% 27325%
1500 513:5% 3315%
3TN0 51025% 3.5515%
5200 A0210% 530210%
5300 439 210% 542 £30%
5400 487 ¢10% 553 20%
5500 A8 6210% S565210%
5600 485210% S377210%
800 482:10% 600210%

74  SAR MEASUREMENT RESULT WITI BODY LIOUID

Software OPENSAR V4

Phantom SN 2018 SAMTI1

Probe SN 1811 EPGI22

Laquid Body Liqurl Valves: eps’ 539 sigma - 146

Dastance between dipole center and bgusd

10.0 mm

Arca scan resolution

dx~8mm dy-Smm

Zoon Scan Resoluion

i Bmm/dy=8mm dz~Smm

Frequency 1800 Mz
Input power 20 dBm
Laxguid Tempernture al *C
Lab Temperature 2l c
Lab Humidity 45 %
vl 1 £ SAR (W/kg/W) 108 SAR (W/kg/W)
measured measured
1800 38.501389) 20.84 |2.08)
o ‘
v N
'} “w \
2. 48 ~ \ 10
im
.
pu | oe) ™ :
AR R'AIRIE B B B B

Page: 1011

Tivis docwment shaedl neyt by reprodaced excaps in A ov in part. selthont e westieon spyaerad of MVT
The dlormation contatnnd Aereln 13 10 be wsed only v the purpose for widoh I L sebwaitaced aned 1s ot 80

e redeaed ine whwale ar peart withow wriniem appvoval of MY



0y

mvG

Report No.: BL-EC21A0789-7/01&/02

SAR REFERENCE DIFOLE CALIBRATION REPORT

Ref: ACRTE919.SATUA

8  LIST OF EQUIPMENT

Valigated No cal Validated No cal
SAM Prantom MVG SN-20/08-SAM 71 equired equired
Validated No cal \Validated No cal
ICOMOSAR Test Bench Version 3 NA equired fequired
Network Analyzer | o0€ & Sormwarz SN100132 022019 0272022
Calipers Carrera CALIPER-01 0172017 01/2020
Reference Probe MVG EPG122 SN 1811 1072018 1vams
Mutimeter Keithley 2000 11886856 012017 0172020
Sygnal Generator Agilert EA438C MY49070581 0112017 01/2020
Characterized prior to |Charactenzed prior to
mpi Asthemomm SNO4e test No cal required. [test No cal required
Power Meter HP E4418A US38261458 012017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
Characterzed poor to |(Charactenzed prior to
Dwectional Coupler Nards 4216-20 01386 test No cal required [test No cal required
Temperature and B
Humidity Sersor Control Compary 150798832 1112017 112020
Page: 11711
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F.4 1900 MHz Dipole

SAR Reference Dipole Calibration Report

Ref : ACR.78.10.19.SATU.A
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MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 11/17 DIP 1G900-450

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 3014
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[AccREDITED]

Calibration Date: 03/20/2019

Summary:!

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

national metrology insttutions
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-@@1 Report No.: BL-EC21A0789-701&702

SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACH.TE10195ATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1328, FCC KDBs and
CEVIEC 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 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SN 11717 DIP 1G900-450
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 ENERAL INFORMATION

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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SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACH.TE10195ATUA

4  MEASUREMENT METHOD

The [EEE 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.

41

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The retumn loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined m 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 0 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 ghell thickness,

s 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 Accepted Guides 1o
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertaintics apply 10 the return Joss measurement:

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

52 DIMENSION MEASUREMENT
The following uncertamties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
3 - 300 0.05 mm

$3 Vi ON MEASUREME

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

g 203 %

/s
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0g 20.1 %%

6 C

ALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Frogusncy, MH:
180 1020 1h& 1860 1080 190 1% 180 1980 X 200

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

1900 -24,20 =20 51,20 +6,0jQ
LU X ALY L

6.2 RETURN LOSS AND IMPEDRANCE IN BODY LIQUID

Froaumecy MMz

1900 180 12k 150 1= 1% 1505 158 1950 10 20

| Frequency (MHz) | Retumn Loss(dB) | Requirement (dB) Impedance
1900 -22.45 -20 46.7 Q2 + 6,710
6.3 MECHANICAL DIMENSIONS
Frequency M2 L men h men d mm
required measured required measured required measured
00 Q200 1 % 25001 % 63521 %
Page: 6/11
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430 250041 %. 166,721 % 63521 %

750 176021 % I00.0£1 %, 63521 %

B3% 161021 % 2381 % 1621%.

500 149.021 % 831s1% 3621%

1450 89121 %, 51781% 1621%

1500 BO5 1%, 50041 5% 3621%

1640 75021 % 45781 % 36219

1750 78221 %, 428219 1621%

1800 72021%, 41721% 36x1%

1500 6801 %, PASS 3N5¢1% PASS 3621% PASS
1550 66311 %, 38541 % 3621%

2000 BAS 1%, 375481 % 3621%

2100 61041 %, 35741 % 36£1%

23100 55531 %, 12621% 1621%

2450 51531%, 0421 % 1621%

2600 1B521%, 2BE1% 3621%.

3000 11521%, 25,021 % 3621%

3500 37041 % 264 41 % 3621%

3700 34741 %, 26481% 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
liquid filled fat 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 1o the Jongest dimension of the Mlat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

71 HEAD LIQUID MEASUREMENT

. Relative permittivity (&) Conductivity (0) S/m
300 A535% 0B725%
50 5% 08715 %
750 aasn 0.8955%
835 415 5% 0.90£5 %
200 Al 5e5% 05745%
1450 AMEEEN 1.20£5%
1500 Yy 12355%
1640 0.2 45 % 13145 %
1750 A15% 137£5%
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1800 00:5% 14045 %
1900 NDE5% PASS 1405 % PASS
1950 WO % 1LAD£5%
2000 £0.025% 10025 %
2100 1B 5% 1.4925%
2300 0515% 167 5%
2450 392:5% 18025%
2600 BOSN 156¢5%
3000 38515% 20045%
350 3798 % 251¢5%

MEASUREMENT RESULT WT EAD LIQUID

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

Software OPENSAR V4
Phantom SN 20009 SAM71
Probe SN 18/11 EPGI22
Lquid Head Liguid Values: eps’ 38 5 sigma | 45
Dustance between dipole center and bgud 10.0 mm
Area scun rescolution dx-Smm/dy-8$mm
Zoon Scan Resolution dx=Bmm/dy~¥mm/ds=Smm
Frequency 1900 MHz
Input power 20 dBm
Laguid Temperature 21°C
Lub Temperature 21 *C
Laub Humudity 45 %
e 1 ¢ SAR (W/ke/W) 10 § SAR (W/kg/W)
300 285 194
ase 4538 06
750 848 5588
83S 9.56 6.22
00 108 649¢
1450 29 16
1500 305 168
1640 342 18.4
1750 364 193
1800 384 201
FPage: &11
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1900 387 3949 (3.95) 205 202512.02)
1950 40.5 209

2000 411 11

2100 4316 215

2300 48.7 2213

2450 524 24

2600 553 246

3000 LER 257

3500 671 25

N0 64 292

T mm e

T
- guf \\
g PR N
0 N
b ™ |
el = — — o L I I B u |_0 " r?i xAan
- it Tt
7.3
F"’,::x'" Relative permittivity (e} Conductivity (0] $/m
150 619 15% 0.8045%
300 SB285W 0.9245%
as0 %6.7$5% 09445%
750 565 05 % 0.96 45 %
835 52850 0.5745%
900 55045 % 1,06 £5 %
s 55.0£5% 1.0645%
1450 SA05s% 1.3045%
1610 538 45% 14045 %
1800 $338% 1,52 45 %
1300 53315% PASS 152 5% PASS
2000 53.345% 152 45%
2100 $3.245% 16245 %
FPage: %11
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2300 S2945% 181£5%
2450 S2.7¢5% 155¢5%
2600 525:5% 2.1625%
3000 52025% 27325%
1500 513:5% 3315%
3TN0 51025% 3.5515%
5200 A0210% 530210%
5300 439 210% 542 £30%
5400 487 ¢10% 553 20%
5500 A8 6210% S565210%
5600 485210% S377210%
800 482:10% 600210%

74  SAR MEASUREMENT RESULT WITI BODY LIOUID

Software OPENSAR V4

Phantom SN 20009 SAMTI

Probe SN IR EPGI22

Laquid Body Liqurl Valves: eps’ 533 sigma . 1.56
Dastance between dipole center and bgusd 10.0 mm

Area scan resolution dx~Emm dy-Smm

Zoon Scan Resoluion

dxBmm/dy=8mm dz~Smm

Frequency 1900 Mz
Inpt power 20 dBm
Laxguid Tempernture al *C
Lab Temperature 2l c
Lab Humidity 45 %
vl 1 £ SAR (W/kg/W) 108 SAR (W/kg/W)
measured measured
1500 A0.01 [400) 20.84 |2.08)
¥
“e
. !
N ‘:‘“‘ \\
140 = R3m
lm
—
pu | oe) 0w :
AR R'AIRIE B B B B
e

Page: 1011

Tivis docwment shaedl neyt by reprodaced excaps in A ov in part. selthont e westieon spyaerad of MVT
The dlormation contatnnd Aereln 13 10 be wsed only v the purpose for widoh I L sebwaitaced aned 1s ot 80

e redeaed ine whwale ar peart withow wriniem appvoval of MY



LUl

mvGg

Report No.: BL-EC21A0789-7/01&/02

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ret: ACR 23617 5ATU A

LIST OF EQUIPMENT

Equipment Summary Sheet

SAM Prartom MVG SN-20/08-SAMT71 gﬁf‘_ﬁg" No cal ;‘:m‘g“ No el

COMOSAR Test Bench|  Version 3 NA r;'ﬁfe'g" No cal g:ﬁ:ﬁd Ll
Network Analyzer | RNode % Schwarz SN100132 0212016 022019
Calipers Carrera CALIPER-01 02017 01/2020
Reference Probe MVG EPG122 SN 1811 10/2016 1N2017
Muttimeser Kesthiey 2000 1188656 0172017 0172020
Signal Generator | Agdent E4438C | MY4070581 0112017 0112020

I T e
Power Meter HP E44184 US38261498 012017 0172020
Power Sensor HP ECP-E26A US37181460 012017 0172020

Dicectional Coupler |  Narda 4216-20 01386 mgf’:’&m° g:‘f’a:‘:gfi;m?
Lf:‘n‘.’g’;'gf;:’ Control Comgpany 150798832 102015 1002017

Page: 11711
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F.5 2450 MHz Dipole

SAR Reference Dipole Calibration Report

Ref : ACR.78.12.19.SATU.A

SHENZHEN BALUN TECHNOLOGY CO.,LTD.
BLOCK B, FL 1, BAISHA SCIENCE AND TECHNOLOGY
PARK, SHAHE XI ROAD,

NANSHAN DISTRICT, SHENZHEN, GUANGDONG
PROVINCE, P.R. CHINA 518055
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 11/17 DIP 2G450-452

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 3014

P -

z ,//-\\\\ ~

<% P
/ \

{1

[AccREDITED]

Calibration Date: 03/20/2019

Summary:!

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

national metrology insttutions
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-@@1 Report No.: BL-EC21A0789-701&702

SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACH.TSAZ19.5ATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1328, FCC KDBs and
CEVIEC 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 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Serial Number SN 11117 DIP 2G450-452
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 ENERAL INFORMATION

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

Page: 4/11
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SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACH.TSAZ19.5ATUA

4  MEASUREMENT METHOD

The [EEE 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.

41

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The retumn loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined m 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 0 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 ghell thickness,

s 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 Accepted Guides 1o
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertaintics apply 10 the return Joss measurement:

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

52 DIMENSION MEASUREMENT
The following uncertamties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
3 - 300 0.05 mm

$3 Vi ON MEASUREME

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

g 203 %

/s
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0g 20.1 %%

6

6.1 RETURN I

CALIBRATION MEASUREMENT RESULTS

ISS AND IMPEDANCE IN HEAD LIOUID

Fregsecy, NH:

Hx s N0 M0 B0 =N >0

Frequency (MHz) Retum Loss (dB) Requirement (dB) Impedance
2450 -24.82 -20  #H30Q-+02jQ
6.2 RETURN LOSS AND IMPEDRDANCE IN BODY LIOUID

=

-

Froguarcy. MM

| Frequency (MHz)

_Impedance
4750Q-041Q

__Retum Loss (dB) | Requirement (dB)

2430 3192 -20
6.3 MECHANICAL DIMENSIONS
Frequency Mz Lmm h men d mm
required measured required measured required measured
300 4200 £1 % 250021 % 63521 %
FPage: 611
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SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACH.TE1Z195ATUA

430 250041 %. 166,721 % 63521 %

750 176021 % I00.0£1 %, 63521 %

B3% 161021 % 2381 % 1621%.

500 149.021 % 831s1% 3621%

1450 89121 %, 51781% 1621%

1500 BO5 1%, 50041 5% 3621%

1640 75021 % 45781 % 36219

1750 78221 %, 428219 1621%

1800 72021%, 41721% 36x1%

1500 62041 %, 39541 % 3621%

1550 66311 %, 38541 % 3621%

2000 BAS 1%, 375481 % 3621%

2100 61041 %, 35741 % 36£1%

23100 55531 %, 12621% 1621%

2450 51531% PASS 0421% PASS 1681% PASS
2600 1B521%, 2BE1% 3621%.

3000 11521%, 25,021 % 3621%

3500 37041 % 264 41 % 3621%

3700 34741 %, 26481% 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
liquid filled fat 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 1o the Jongest dimension of the Mlat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

71 HEAD LIQUID MEASUREMENT

. Relative permittivity (&) Conductivity (0) S/m
300 A535% 0B725%
50 5% 08715 %
750 aasn 0.8955%
835 415 5% 0.90£5 %
200 Al 5e5% 05745%
1450 AMEEEN 1.20£5%
1500 Yy 12355%
1640 0.2 45 % 13145 %
1750 A15% 137£5%
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SAR REFERENCE DIFOLE CALIBRATION REPORT Ref: ACHTR1Z19.5ATU A
1800 00:5% 14045 %
1900 MOE5% 140£5%
1950 WO % 1LAD£5%
2000 £0.025% 10025 %
2100 1B 5% 1.4925%
2300 0515% 167 5%
2450 392:5% PASS 1805% PASS
2600 BOSN 156¢5%
3000 38515% 20045%
350 3798 % 251¢5%

MEASUREMENT RESULT WT EAD LIQUID

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

Software OPENSAR V4
Phantom SN 20009 SAM71
Probe SN 18/11 EPGI22
Lquid Head Liguid Values: eps” 375 sigma 180
Dustance between dipole center and bgud 10.0 mm
Area scun rescolution dx-Smm/dy-8Smm
Zoon Scan Resolution dx=Smm/dy-~Smm/ds=Smm
Frequency 2450 Mz
Input power 20 dBm
Laguid Temperature 21°C
Lub Temperature 21 *C
Laub Humudity 45 %
e 1 ¢ SAR (W/ke/W) 10 § SAR (W/kg/W)
300 285 194
ase 4538 06
750 848 5588
83S 9.56 6.22
00 108 649¢
1450 29 16
1500 305 168
1640 342 18.4
1750 364 193
1800 384 201
FPage: &11
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No.: BL-EC21A0789-701&702

Ref: ACR.TSI12195ATUA

1900 39,7 205
1950 40.5 20,
2000 411 211
2100 436 218
2300 487 2313
2450 524 5431(543) 24 24200242)
2600 553 246
3000 633 257
3500 672 25
21700 61,4 242

o

“ - 5 A,
LN
= | o en- ’ —
== i 2 40 WY ;l‘lll oo xaAan
7.3
Fn’::xmv Relative permittivity (&) Conductivity (0] $/m
150 61915% 0.80 £5%
300 58.2 45 % 0.9245%
as0 6.7 $5% 0.9445%
750 555 25 1% 0.9615%
83s $5.245% 057 25%
200 S55025% 106525%
s 55085% 1.06£5%
1450 4.0 85 1,3045%
1610 S3845% 14045 %
1800 $3325% 15225%
1500 53325% 15215%
2000 55325% 15245%
2100 53.245% 162 £5%
FPage: %11
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SAR REFERENCE DIPFOLE CALIBRATION REPORT Ref: ACRTRIZ195ATUA
2300 S2945% 181£5%
2450 S2.745% PASS 155¢5% PASS
2600 52525 % 2.1625%
2000 52.0 25 % 273 25%
1500 51315% 33145%
3700 51.015% 3.55 £5 %
5200 A0:10% 5.30£10%
5300 439 210% 542 £30%
5400 4B7410% 553 410%
5500 A86210% S5465230%
S600 A85210% S$377220%
800 4823210% 6500210%

74  SAR MEASUREMENT RESULT WITI BODY LIOUID

Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 1811 EPGI22
Laquid Body Liqurl Valves: eps’ 53 2 sigma . | §9
Dastance between dipole center and bgusd 10.0 mm
Area scan resolution dx~Emm dy-Smm
Zoon Scan Resoluon A Smm/dy=Smm dz~ Smm
Frequency 2450 MHz
Inpt power 20 dBm
Laxguid Tempernture al *C
Lab Temperature 2l c
Lab Humidity 45%
vl 1 £ SAR (W/kg/W) 108 SAR (W/kg/W)
measured measured
2450 53.67(537) 24.37 |2.00)
\ =
H
= '
I | |
1w
el 4
it |
W Sam N
. ‘\ |
» S :
v | tom) T ] \
I N E R'EIERIE F B3N W B
e
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SAR REFERENCE DIFOLE CALIBRATION REPORT

Ref: ACR.TS121985ATU A

8  LIST OF EQUIPMENT

Valigated No cal Validated No cal
SAM Prantom MVG SN-20/08-SAM 71 equired equired
Validated No cal \Validated No cal
ICOMOSAR Test Bench Version 3 NA equired fequired
Network Analyzer | o0€ & Sormwarz SN100132 022019 0272022
Calipers Carrera CALIPER-01 0172017 01/2020
Reference Probe MVG EPG122 SN 1811 1072018 1vams
Mutimeter Keithley 2000 11886856 012017 0172020
Sygnal Generator Agilert EA438C MY49070581 0112017 01/2020
Characterized prior to |Charactenzed prior to
mpi Asthemomm SNO4e test No cal required. [test No cal required
Power Meter HP E4418A US38261458 012017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
Characterzed poor to |(Charactenzed prior to
Dwectional Coupler Nards 4216-20 01386 test No cal required [test No cal required
Temperature and B
Humidity Sersor Control Compary 150798832 1112017 112020
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F.6 2600 MHz Dipole

SAR Reference Dipole Calibration Report

Ref : ACR.78.13.19.SATU.A

SHENZHEN BALUN TECHNOLOGY CO.,LTD.
BLOCK B, FL 1, BAISHA SCIENCE AND TECHNOLOGY
PARK, SHAHE XI ROAD,

NANSHAN DISTRICT, SHENZHEN, GUANGDONG
PROVINCE, P.R. CHINA 518055
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 11/17 DIP 2G600-453

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 3014

P -

z ,//-\\\\ ~

<% P
/ \

{1

[AccREDITED]

Calibration Date: 03/20/2019

Summary:!

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

national metrology insttutions
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Name Function Date Stgnature
Prepared by Jérome LUC Product Manager 3202019 ;’:;
Checked by ; Jéréme LUC Product Manager ¥20:2019 :)?;:
Approved by: | Kim RUTKOWSKI Quality Manager | 32020019 | s cnmuh
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BALUN
TECHNOLOGY
Co.. lad.

Distribution :

Issue Date Modifications
A 3202019 Initial release
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@@n Report No.: BL-EC21A0789-701&702

SAR REFERENCE DIFOLE CALIBRATION REPORT Ref: ACR.TE13.195ATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1328, FCC KDBs and
CEVIEC 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 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2600
Serial Number SN 11117 DIP 2G600-453
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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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SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACH.TE1LI95ATUA

4  MEASUREMENT METHOD

The [EEE 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.

41

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The retumn loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined m 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 0 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 ghell thickness,

s 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 Accepted Guides 1o
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertaintics apply 10 the return Joss measurement:

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

52 DIMENSION MEASUREMENT
The following uncertamties apply to the dimension measurements:
Length (mm) Expanded Uncertainty on Length
3 - 300 0.05 mm

$3 Vi ON MEASUREME

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

g 203 %

/s
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.TSILI9SATUA

0g 20.1 %%

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Freguency, MH:

S o3 S P ) S50 20 0 N0 N A SL 20

o
Frequency (MHz) Retum Loss (dB) Requirement (dB) Impedance
2600 -21.53 =20 46.1 2+ 7.4)Q

6.2 RETURN LOSS AND IMPEDRANCE IN BODY LIQUID

Froguarcy. MM

Ll S0 5K P21} 0 X600 a2 40 &0 28

]
%l
| Frequency (MHz) | Retumnloss(dB) | Requirement(dB) |  Impedance
2600 -21,76 -20 420+ 3.7iQ
6.3 MECHANICAL DIMENSIONS
Frequency M2 Lmm h men d mm
required measured required measured required measured
00 Q200 1 % 25001 % 63521 %
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SAR REFERENCE DIPOLE CALIBRATION REFORT Ref: ACHT1119.5ATU A

430 2500 21 % 166,721 % 63521 %

750 176021 % I00.0£1 %, 63521 %

B3% 161021 % 2381 % 1621%.

500 149.021 % 831s1% 3621%

1450 89121 %, 51781% 1621%

1500 BO5 1%, 50041 5% 3621%

1640 75021 % 45781 % 36219

1750 78221 %, 428219 1621%

1800 72021%, 41721% 36x1%

1500 62041 %, 39541 % 3621%

1550 66311 %, 38541 % 36£1%

2000 BAS 1%, 375481 % 3621%

2100 61041 %, 35741 % 36£1%

23100 55531 %, 12621% 1621%

2450 51531%, 0421 % 1621%

2600 1B521%, PASS 2881 % PASS 3621% PASS
3000 11521%, 25,021 % 3621%

3500 37041 % 264 41 % 3621%

3700 34741 %, 26481% 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
liquid filled fat 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 1o the Jongest dimension of the Mlat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

71 HEAD LIQUID MEASUREMENT

. Relative permittivity (&) Conductivity (0) S/m
300 A535% 0B725%
50 5% 08715 %
750 aasn 0.8955%
835 415 5% 0.90£5 %
200 Al 5e5% 05745%
1450 AMEEEN 1.20£5%
1500 Yy 12355%
1640 0.2 45 % 13145 %
1750 A15% 137£5%
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SAR REFERENCE DIFOLE CALIBRATION REPORT Ref: ACHT1119.5ATU A
1800 00:5% 14045 %
1900 MOE5% 140£5%
1950 WO % 1LAD£5%
2000 £0.025% 10025 %
2100 1B 5% 1.4925%
2300 0515% 167 5%
2450 392:5% 18025%
2600 BOSN PASS 156¢5% PASS
3000 38515% 20045%
350 3798 % 251¢5%

MEASUREMENT RESULT WT EAD LIQUID

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

Software OPENSAR V4
Phantom SN 20009 SAM71
Probe SN 18/11 EPGI22
Lquid Head Liguid Values: eps” 398 sigma 199
Dustance between dipole center and bgud 10.0 mm
Area scun resolution dy-Emm/dy-8mm
Zoon Scan Resoluton dyx=Smm/dy=Smm. dz=Smm
Frequency 2600 MHz
Input power 20 dBm
Laguid Temperature 21°C
Lub Temperature 21 *C
Laub Humudity 45 %
e 1 ¢ SAR (W/ke/W) 10§ SAR (W/kg/W)
300 285 194
ase 4538 06
750 848 55%
83S 9.56 6.22
900 108 649¢
1450 29 16
1500 305 168
1640 342 18.4
1750 364 193
1800 334 201
FPage: &11
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Ref: ACR.TS13195ATU A

1900 387 205

1950 0.5 20

2000 411 11

2100 4316 215

2300 48.7 2213

2450 524 24

2600 553 56.32 (5.63) 246 24552.46)
3000 LER 257

3500 671 25

N0 64 292

 mme ety -

T
S T T TS T
——rm——rr i 2 40 WY ;l‘lll oo xaAan
7.3
Fn’::xmv Relative permittivity (&) Conductivity (0] S/m
150 61915% 0.80 £5%
300 58.2 45 % 0.9245%
as0 6.7 $5% 0.9445%
750 555 25 1% 0.9615%
83s $5.245% 057 25%
200 S55025% 106525%
s 55085% 1.06£5%
1450 4.0 85 1,3045%
1610 S3845% 14045 %
1800 $3325% 15225%
1500 53325% 15215%
2000 53.345% 1,52 5%
2100 53.245% 1.62 45 %
FPage: %11
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SAR REFERENCE DIPFOLE CALIBRATION REPORT Ref: ACRTEILI95ATUA
2300 S2945% 181£5%
2450 S2.745% 155¢5%
2600 52525 % PASS 2.1625% PASS
2000 52.0 25 % 273 25%
1500 51315% 33145%
3700 51.015% 3.55 £5 %
5200 A0:10% 5.30£10%
5300 439 210% 542 £30%
5400 4B7410% 553 410%
5500 A86210% S5465230%
S600 A85210% S$377220%
800 4823210% 6500210%

74  SAR MEASUREMENT RESULT WITI BODY LIOUID

Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN IR EPGI22
Laquid Body Liqul Valves: eps’ 525 sigma . 223
Dastance between dipole center and bgusd 10.0 mm
Area scan resolution dx~Emm dy-Smm
Zoon Scan Resoluon A Smm/dy=Smm dz~ Smm
Frequency 2600 MH 2
Input power 20 dBm
Laxguid Tempernture al *C
Lab Temperature 2l c
Lab Humdity 45 %
vl 1 £ SAR (W/kg/W) 108 SAR (W/kg/W)
measured measured
2600 S5.20(552) 24.62 |2.06)
e
L) U
n
B 1
o -
% ™
0w~ ~h""“‘— \
g 2 40 BN NAAY
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8  LIST OF EQUIPMENT

Valigated No cal Validated No cal
SAM Prantom MVG SN-20/08-SAM 71 equired equired
Validated No cal \Validated No cal
ICOMOSAR Test Bench Version 3 NA equired fequired
Network Analyzer | o0€ & Sormwarz SN100132 022019 0272022
Calipers Carrera CALIPER-01 0172017 01/2020
Reference Probe MVG EPG122 SN 1811 1072018 1vams
Mutimeter Keithley 2000 11886856 012017 0172020
Sygnal Generator Agilert EA438C MY49070581 0112017 01/2020
Characterized prior to |Charactenzed prior to
mpi Asthemomm SNO4e test No cal required. [test No cal required
Power Meter HP E4418A US38261458 012017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
Characterzed poor to |(Charactenzed prior to
Dwectional Coupler Nards 4216-20 01386 test No cal required [test No cal required
Temperature and B
Humidity Sersor Control Compary 150798832 1112017 112020
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