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Calibration Date: 05/21/19

Summary:

This document presents the method and results from an accredited COMOSAR Dosimetric E-Field
Probe cahbration performed in MVG USA using the CALISAR / CALIBAIR test bench, for use
with 2 COMOSAR system only. All calibration results are maceable to national metrology
mstitutions.
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACR1422105ATUB

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 41/18 EPGO330
Product Condition (new / used) New
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.186 MQ
Dipole 2: R2=0.191 MQ
Dipole 3: R3=0.201 MQ

A vearly 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
CELIEC 62209 standards.

Figure 1 — MV'G COMOSAR Dosimetric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 2 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 2.5mm
Distance between dipoles / probe extremity | 1 mm

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C. CENELEC EN50361 and CELVIEC 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.

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/kg.
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3.2 SENSITIVITY
The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.

33 LOWER DETECTION LIMIT

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

34 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for svstem
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The hemuspherical 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 aus (0°-3607).

3.5 BOUNDARY FFFECT

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

4 MEASUREMENT UNCEETAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CELTEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide fechnique. All uncerfainties 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.

Tneertainty analyziz of the probe calibration in waveguide
- Uncertainty Probabihty .. . Standard
ERROR SOURCES value (%) Distribution Divisor e Uncertainty (%)
Incident or forward power 3.00% Rectangular 1'[3 | 1 1.732%
Reflected power 3.00% Rectangular q,n'r:’_p | 1 1.732%
Ligmd conductivity 3.00% Rectangular -.4"3_ | 1 2887
Liquid permittivity 4.00% Fectangular \E | 1 2309%
Field homogeneity 3.00% Rectangular -‘B | 1 1.732%
Field probe positioning 5.00% Rectangular -..E | 1 2837
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Field probe lineanty 3.00% Eectangular -.,l"_’_p | 1 1.732%

Combined standard uncertainty 5.831%
Expanded uncertainty 12.0%

95 % confidence level k=2 .

5 CALIBRATION MEASUREMENT RESULTS
Calibration Parameters
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humudity 45 %
5.1 SENSITIVITY IN ATR
Normx dipole | Normy dipole | Normez dipole
1 (uV/(Vim?) |2 (uVIV/m)?) |3 (uViCV/m)?)
0.92 0.79 0.63
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(V) (mV) (mV)
o0 o7 92

Calibration curves ei=f{V) (i=1.2.3) allow to obtain H-field value using the formula:
E=\E'+E +E}

Calibration curves
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52 LINEARITY
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53 SENSITIVITY IN LIQUID
Ligmd Frequency Permithvity Epsilon {5/m) ConvF
MH= +/-
1000 H=)
HL750 750 40.76 0.93 154
BL730 750 56.70 0.98 159
HLE50 835 40.86 0.92 1.60
BLE30 835 56.35 0.99 164
HL&00 200 42 84 0.95 161
BLAM 00 53.25 1.05 1.65
HL 1800 1200 3956 1.40 1.74
BL1800 1200 52.84 1.45 181
HL 1900 1900 39.67 1.38 203
BL1900 1900 52.84 1.59 208
HIL 2000 2000 38.71 1.42 186
BL2000 2000 52.03 1.52 192
HI 2450 2450 38.72 1.80 205
BL2450 2450 54.91 1.97 212
HL2600 2600 3%.98 1.89 2.06
BL2&00 2600 54.42 218 211
HL 5200 5200 3668 4.45 185
BL5200 5200 4902 546 192
HL 5400 5400 36.08 4.69 1.75
BL5400 5400 4955 5.53 183
HL 5600 5600 3534 495 1.38
BL5800 5600 47 .60 5.77 195
HL 5800 5800 34.81 5.08 1.89
BL5300 5800 4781 6.12 194
LOWEE. DETECTION LIMIT: 9mW/kg
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54 ISOTROPY
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6 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
quIpme Identification No. . .
Description Model Calibration Date Date
Flat Phantom MVG SN-20/09-Sam7q | 2hdated. Nocal — Walidated.  No cal
required. required.
. Validated. Mo cal Validated. Mo call
COMOSAR Test Bench “ersion 3 MNA& required. required.
Network Analyzer | Thode 23: Ji‘"'“’"m SN100132 02/2019 022022
Reference Probe MY G EP 94 SN 37/08 1052017 10/2019
Multimeter Keithley 2000 1188656 012017 01/2020
Signal Generator Agilent E4438C MY 49070581 012017 01/2020
. Characterized pricr to (Characterized prior to
Amplifier Aethercomm SN 046 test. Mo cal required. [test. No cal required.
Power Meter HP E44184 UsS38261498 012017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
. ) Characterized prior to |Characterized prior to
Directional Coupler MNarda 4216-20 01338 test. Mo cal required. [test. No cal required.
. . Validated. Mo cal Validated. Mo cal
Waveguide Mega Industries DB9YT-158-13-T12 required. required.
Waveguide Transition | Mega Industries | 069¥7-158-13-7gq | 3hdated. Nocal  alidated. No cal
required. required.
. N - Validated. Mo cal Validated. Mo cal
Waveguide Termination| Mega Indusiries 069%7-158-13-T01 required. required.
Temp&mst:;z;"“’"'d'“ Control Company 150798832 1112017 11/2020
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SAR Reference Dipole Calibration Report
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SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 750 MHZ
SERIAL NO.: SN 23/15 DIP 0G750-378

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

ACCREDITED)

Calibration Date: 11/27/17

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
pertormed in MVG USA using the COMOSAR test bench.  All calibration results are traceable to
national metrology institutions.
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SAR REFERENCE DIFOLE CALIBRATION REPORT Refl ACR-HZAITSATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEIIEC 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
Model  SID750
Serial Number | SN 23/15 DIP 0G750-378
Product Condition (new /used)  Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the 1EEE 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 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 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 @ 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 Intemationally 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 0.1 dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

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

g 203 %
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ret: ACRIIZIITSATUA
10 g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fraguency. MH:
650 620 &80 700 N 740 70 780 800 820 840 850
Be ) ) f

l"rcqlu'nc;\"(‘\‘lllz') | Return Loss (dB) | ARequii'cmem(dB) [ Impedance
750 -40.35 -20 | 49.1Q-030Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Freguancy. MH;
550 50 €80 o 720 740 0 700 0 220 240 850

10
15
b
'P__
&)-
Frequency (MHz) |  Return Loss (dB) ' Requirement (dB) | Impedance
750 ‘ -27.32 -20 | 4680Q+27i0Q

6.3 MECHANICAL DIMENSIONS
Freguency MH2 | Lmm l hmm 7 dmm

required measured required measured required measured

100 420.0 21 %. | 250.021%. 6.35 +1%

Thisy docament yhel v i el v i part, withont e written appeosel of MG
T he inory 109 Cont e ondy o e JWNASE Ao Wl ar ix anbwarred and 1s nof o
NI s I whvale NV i of MY



i

@

Report No. SET2022-11891

SAR REFERENCE DIPOLE CALIBRATION REPORT Refl ACRIIZITSATLLA
450 290.0 41 %. 166.7 £1 %, 63541% |
750 1760 21 %. PASS 100.0 £1 %, PASS 63541% | PASS
835 161021 % BIB 41 % 3641% |
%00 142.0 21 %. 83341 % IEN% |
1450 89141 % 51741 % 3641% |
1500 80.5 £1% 50,0 41 % I64%
1640 79.0£1% 45741 % 1641% |
1750 75.241% 12941% 3641%
1800 720:1% 41.7 1% 3.621%, \
1900 68.0£1% 39541 % 3641%
1950 65.341% 38,541 %. 3621% |
2000 BA511% 375:1% 3.621%, |
2100 61.0£1% 35741 % 3641%
2300 55.5:1% 32641 % 3641% |
2450 515£1% 30.4£1 % 3.621%. |
2600 48.5£1% 28841 % 3641%
3000 415£1% 25041 % 3621% |
3500 37.0+1 % 26,4 £1 % 3.621%, |
3700 34741 % 26441 % 3641%

7  VALIDATION MEASUREMENT

The [EEE 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

"’“M‘:;"' Relative permittivity (&) Conductivity (¢) S/m
required moasured required measured
300 45315% 08735%
450 43515% 08735%
750 41.915% PASS 0.8915% PASS
835 41515% 09015%
Q00 41515% 09715%
1450 40515% 12045%
1500 A0 35% 1.2315%
1640 A0.235% 1.3145%
1750 40.145% 1.3745%
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1800 40,045 % 14045 %
1500 40.045% 1.4045%
1950 40.025% 1.40 45 %
2000 20.045% 1.4045%
2100 39.845% 14545 %
2300 39545% 16715%
2450 39.245% 18045 %
2600 39.045% 19645 %
3000 38545% 24045%
1500 37.545% 29145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V4 |
Phasitom SN 2009 SAM71 i
P'robe SN IR/ EPGE22 |
Ligquid Head Liquid Valees: eps” < 42,1 sigma - 0.91 i
Distance between dipole center and hguid 15.0 mm |
Area scan resolution dx=8mm/'dy=8Smm i
Zoon Scan Resolution dx=8mm/dy=8mm/dz=Smm |
Freguency 750 MHz i
Input power 20 dBm |
Liqud Temperature 21.°C i
Lab Temperature 21 °C |
Lab Humidiy 45 % i
gl 12 SAR (W/kg/W) 10,6 SAR (W/ke/W)
required measured required measured

300 2.85 194

450 458 3.06

750 849 B.62 (0.86) 555 5.65 (D 57)

83s% 9.56 6.22

00 109 6.99

1450 29 16

1500 305 168

1640 342 184

1750 364 153

1800 384 201
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\l 1500 [ 397 \ 205 ‘ ‘\
| 10 | 405 | [ 209 | \
i .’l)(l(; Fi| 411 1 [ ;l 1 i ‘\
\ 2100 a6 | | 29 | \
— o e | s | ;
| 250 | sza | [ 2 | }
\ 2600 553 [ \ 24.4 l\
| 30 | 638 | [ 7 | \
| 30 | 671 | 1T s | i
‘ 3700 ‘ 674 ‘\ 242 ‘ l\
grnes
If(m
I3 \ I p—o—g—d t—p—-o—9
3 % \ I
( i RIRE B
7.3 BODY LIQUID MEASUREMENT

Fre:::,ncv Relative permittivity {e,') Conductivity (¢) S/m ‘

i | required ' measured . required ‘ measured ‘i
I 150 ' 61915% T E 0.8015% '\
’ 300 1 58.215% 1 | 09215% i .\
" 450 ' 56.715% . '\ 094 15% ‘ }
\' 750 ' [ pass \ [ pass '\
\ a3s ‘ \ \
| s 7 } |
a1s 7 \ '\

i 1450 1 [ \
6w ] i
| w0 ’ | i
1500 [ l\

| 2000 1 \
\A 2100 1 16245% \
‘ 2300 ‘ [ | 18145% | l\
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2450 52.745% 19645%
2600 52545% 216145%
3000 52015% 2.7345%
3500 51345% 33145%
3700 51.045% 35545%
5200 430210% 5.30:10%
5300 485210 % 542210%
5400 487 210 % 553:10%
5500 48.6=10% 565210%
5600 485210 % 577410%
S800 48.2 210 % 6.00210%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20409 SAMTI

Probe SN IR EPGI22

Liquad Body Liguid Values: eps’ © 55.7 sigma ; 0,95

Distance between dipole center and higuid

150 mm

Area scan resolution

dx=Smm/dy=Smm

Zoon Scan Resolution

dx~Smnydy=Smm'dz=5mm

Frequency

750 MHz

fnput power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 45 %
" 15 SAR (W/kg/W) 10§ SAR (W/kg/W)
measured measured
750 8.68(0.87) S.80 (0.58)
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8 LIST OF EQUIPMENT

U . 3 S35
SAM Phantom MVG SN-20/09-SAMT1 Q’e‘:‘gﬂz" Nocal ;’a‘::::’if;zd' No cal
COMOSAR Test Bench,  Version 3 NA m’mzd‘ No:cal %zﬁfe'zd' No cal
Network Analyzer | Thode g'vic“wm SN100132 02/2016 02/2019
Calipers Camera CALIPER-01 | 01/2017 ' 01/2020
Reference Probe MVG EPG122 SN 18/11 l 1072017 ' 1012018
Multimeter Keithley 2000 1188656 01/2017 01/2020
Sinal Generator Agllent E4438C MY49070581 0172017 ' 01/2020
Characlerized prior to | Characterized priof to
Amplifier Aethercomm SN 046 test. No cal required. |test, No cal required.
Power Meter HP E4418A US38261498 012017 01/2020
Power Sensor HP ECP-E26A US37181460 0172017 ' 01/2020
: | Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. [1est. No cal required.
Temperalure and
Humidity Sensor Control Company 150798832 1172017 . 11/2020
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CCIC SOUTHERN ELECTRONIC PRODUCT
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MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 835 MHZ
SERIAL NO.: SN 09/13 DIP 0G835-217

Calibrated at MVG US
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Calibration Date: 11/27/17

Swmmary:

This decument 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
nutional metrology institutions.
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1 INTRODUCTION

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

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

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type. | COMOSAR 835 Miiz REFERENCE DIPOLE
Manufacturer CMVG
Model SIDX35
| Serial Number | SN 09/13 DIP 0G835-217
Product Condition (new / used) | Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

r

Figure 1 - MVG COMOSAR Validation Dipole

Page: /11

Ty deacsent vholl st By ragevovivced, evceys an Aol or v pavt, wirkent e watten approval of MG,
The informaion contmined heroim iy & he nod anly for the parpase Ko wiich it i subwirted and &y not o
I relecned (n wheAle ov gt withosd weitten appveonal of MVG



&/

Report No. SET2022-11891

mvg SAR REFERENCE DIPOLE CALIBRATION REPORT Rel: ACR3IZ41TSATUA

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.

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 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 to the Intemationally Accepted Guides to
Measurement Uncertainty.

3.1 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 uncertaintics apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

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 %
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10 g | 20,1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Froquency, MHe

-
s . v |
Frequency (MHz) | Return Loss (dB) Requirement (dB) | Impedance
835 ‘ -21.05 -20 | 59.70+0.2iQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Friuency. NHz
75 0 M0 90 8N B0 B0 B0 90 W WS
50
75
100
¥
-
w15
&\
— _— — 20 S
Frequency (MHz) | Return Loss (dB) | Requirement (dB) | Impedance
835 -25.17 -20 §5.1Q+27iQ

6.3 MECHANICAL DIMENSIONS
Frequency MHz [ Lmm h mm dmm |

l}

T

required measured 1 required measured required measured
t { !
[ 250.021%. | 63541%

Page: 6/11
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450 290021 %, 166.7 41 %. 63541 %
750 176021 %, 100.0 £1 %, 63541 %
835 161021 %, PASS 89,841 % PASS 3641%, PASS
290 148021 %, 83341 % 31641%
1450 89141 % 51741 % 31641%,
1500 805 +1 % 50,0 41 % 1641%,
1640 79041 % 45.741% 1621%
1750 T52£1% 42911 % I621%
1800 T2041% A7+ % I641%,
1900 680+1% 39541% I641%,
1950 B53£15% 38511 % 1621%.
2000 BA5£1% 37541 % 3621%,
2100 610+1% I5741% I641%,
2300 555+1% 32641% I641%,
2450 515£1% 30441% 1641%.
2600 18541 % 28841% I641%,
3000 11541 % 25041 % I641%,
3500 37.041%. 26.441% I641%,
3700 3471 % 26411 % 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 agamst 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

iy Relative permittivity (/) Conductivity (o) S/m
required measured required measured
300 45315% 08725%
450 43545% 08725%
750 41915% 08925%
835 41535% PASS 09025% PASS
a0 41535% 09725%
1450 40515% 12025%
1500 A0445% 1.2315%
1640 40,2 45% 13145%
1750 401 45% 13745%
Page: 711
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1800 40045% 1.4045%
1800 40045% 1.4045%
1950 40045% 14045 %
2000 A0045% 14045%
2100 39.845% 1.4545%
2300 39545% 16745%
2450 39.245% 1.8045%
2600 39.045% 1.9645%
3000 38545% 24015 %
3500 37.845% 2.9145%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V4
Phantom SN 20009 SAM71
Probe SN IR EPGE22
Liguid Hewd Liquid Values: eps' - 40,7 sigma  0.92
Distance between dipole center and hiquid 15.0 mm
Area sean resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm'dy=8mm'dz=5mm
Frequency 835 MH2z
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 45 %
sl 12 SAR (W/kg/W) 10 SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 458 3.06
750 8.49 5.55
835 9.56 9.61 (0.96) 6.22 6.19(0.62)
900 109 6.99
1450 29 16
1500 305 168
1640 342 184
1750 364 153
1800 384 201
Page: 8/11

Thiv decaswent shall naf fe reprovtiveed, exceps 1o foll or im part, withont the wntten approvel of MPG
The mormasion comtined hervin (v 42 be ooed andy for the papase for wiich i i sufudited and 15 ot to
e vlovened i whole oe pavt withost weltiew appeenal of MVG



)

Report No. SET2022-11891

SAR REFERENCE DIFOLE CALIBRATION REPORT

Reft ACRIIZLITSATUA

1500 387 205
1950 405 209
2000 411 211
2100 416 219
2300 487 33
2450 524 24
2600 55.3 246
3000 638 25.7
3500 7.1 25
3700 674 242

e — {

&l

S R RRARRAERS AR
= — - 0 ‘. & u \l'l: BNINENH
7.3 BODY LIQUID MEASUREMENT
"':ﬂ‘:x"“ Relative permittivity (¢,") Conductivity (¢} S/m
required measured required measurad

150 61915% 0.805%
300 58.225% 0.9215%
450 56.7 45 % 09425%
750 55,515 % 0.9615%
835 5§5.235% PASS 0.97 $5% PASS
200 55.045 % 10545%
915 55.015% 1065%
1450 54045% 13045%
1610 53.845% 1.40 45 %
1600 53.345% 15245%
1800 53.345% 1.5245%
2000 53345% 1,5245%
2100 53.245% 16245%
2300 52945% 1.8145%
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2450 S2.745% 19545%
2600 52545% 21625%
3000 52.035% 2.7345%
3500 51.345% 33145%
3700 51.045% 35545%
5200 430:210% 530210 %
5300 489210% S42210%
S400 487 210% 553210%
5500 485210 % 565210 %
5600 445210% STT210%
5800 482210% 6.00210 %

74 SARMEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20009 SAM71

Probe SN IR | EPGI22

Ligquid Body Liguid Values: eps' - 55.1 sagma : 1.OO

Distance between dipole center and hiquid

15.0 mm

Areit scan resolution

dx=Bmm/dy=Smm

Zoon Scan Resolution

dx=Smm/dy=8mm'dz=S5Smm

Frequency R3S MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21.°C
Lab Humidity 45 %
Frequenc
e o Y 15 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
835 9,88 (0.99) 647 (0.65)
B
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

SAM Phantom MVG SN-20/09-SAM71 :’e‘:“mf No cal Q’:{f:;ﬁ‘_" No “cal
[cOMOSAR Test Bench|  Version 3 NA :;z’f:e‘zd o ol m::’:;zd' Mo “'ﬂ
Network Analyzer | RNOd® % Sohwarz SN100132 02/2016 0212019
Calipers Carrera CALIPER-O1 01/2017 01/2020
Reference Prabe MVG EPG122 SN 18/11 1072017 1012018
Multimeter Keithley 2000 1188656 0112017 0112020
Signal Generator Agilent E4438C MY49070581 0172017 01/2020
it | et | swass | S wor ramsig o
Power Meter HP E4418A US38261498 0112017 0112020
Power Sensor HP ECP-E26A US37181460 01/2017 0112020
Directional Coupler Narda 4216-20 01386 'c;:‘;’.ra;?::fggzqm:g;?faﬁf ::?;:::;2
Lt?n"'g{;“g:nzg‘r’ Control Company 150798832 112017 1112020
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SAR Reference Dipole Calibration Report

Ref: ACR.332.6.17.SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI JIEDAO, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 1800 MHZ
SERIAL NO.: SN 09/13 DIP 1G800-216

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

\\ "1y,
\v/

ilaz;zm;«x

/A \? Accnson'eo
/ aw
Mt o

Calibration Date 11/27/17

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed 1n 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
CELIEC 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 Tvpe COMOSAR 1800 MHz REFERENCE DIPOLE
Manufacturer MVG

Model SID1800

Serial Number SN 09/13 DIP 1G800-216

Product Condition (new / used) Used

A vearly calibration interval is recommended.
3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CELIEC 62209 standards. The product 1s designed for use with the COMOSAR test bench only.

Figure 1 — MVG COMOSAR Validation Dipole
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4 MEASUEEMENT METHOD

The IEEE 1528, FCC KDBs and CELTEC 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 EETURNLOSS REQUIREMENTS

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

42 MECHANICAL EFQUIREMENTS

The IEEE 5td. 1528 and CELTEC 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.

51 RETUEN LOSS
The following vncertainties apply to the refurn loss measurement:

Frequency band Expanded Uncertainty on Eeturn Loss
400-6000MHz 01dB

52 DIMENSION MEASURFMENT

The following vncertainties apply to the dimension measurements:

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

53 NVAILIDATION MEASURFMENT

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

lg 203 %
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20.1 %

10 g

6 CALIBRATION MEASUREMENT EESULTS
EETUEN LOSS AND IMPEDANCE TN HEAD TIQUID

Fleuency, MHz
170 1300 180

6.1

70 1340 1eEd 1BED

1740

1700 170

e

N |
-4

Frequency (MHz) Return Loss (dB) Eequirement (dB) Impedance
1800 -21.04 -20 HTID+530
6.2 RETURN 1LOSS AND IMPEDANCE IN BODY LIOUID
Fraouency, MHz
700 AT 1740 ATED TR0 1300 1E0 1340 18RO 1BEO 1300
-
3]_
N
Frequency (MHz) Return Loss (dB) BRequirement (dB) Impedance
1800 -24.11 -20 H3IO+1250
6.3 MECHANICAT DIMENSIONS
Frequency MHz L mm h mim d mm
required meaasured required measured required measured
300 420,01 % 250.0 11 % 6.35 31 %.

Page: 0/11

irten qEproval of MG
iz submined and It nat fo

Thiz document shail not be reproduced, excapr in il or i part, withou? the
Tha infarmar ined herein i1 to be wied only for the purpose for which it
ba released in whole or part withour wrinten approval of MTG.



)

Report No. SET2022-11891

mvGg SAR REFERENCE DIFOLE CALIBRATION REFORT Ref ACRIILEITSATUA

aso 20001 %, 166.7 £1 % 6.35 1%,
750 176,051 %, 100.0 1 %, 6.35 %1%,
a3s 161051 %, B9.8 1 %. IEHL K.
900 148.0%1 %, 83.3 1 %, 36+ .
1450 801 1%, 51741 %, 36+
1500 80.5 +1%. 5000 +1 %. 36+ 5.
1640 70.0 £1 %, 457 £1 %, IETLH.
1750 752 +1%. 42041 %, 36T K.
1E00 TIO L. PASE 417+ % PASS 3641 %. PASS
1900 65.0 +1%. 39.5+1 %, 36+ .
1950 66.3 £1 %, 30541 %, IETLH.
2000 645 +1 %, 37541 %, 36T K.
2100 610 +1 %, 35741 %, 36+ .
3300 555 +1 %, 32641 % 36+
2450 515 £1 %, 30.4 %1 %, IETLH.
2600 485 +1%. 28841 %. IEHL K.
3000 415 +1%, 25041 %. 36T
3500 37.081 % 26,441 %, 36+ .
3700 34781 % 26.4 %1 %, 36+ 5.

7  VALIDATION MEASUREMENT

The IEEE Std. 1328, FCC EDBs and CELIEC 62209 standards state that the system validafion
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement nmst be performed against a
liquud filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
lengih centered and parallel 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 MEASUEFMENT

Fre;:elnqr Relative permittivity (8] Conductivity (o) 5/m
required measured required measured
300 45.3 5% D.E7 5%
450 43 515% D.E7 15 %
750 41915% D.E9 15 %
835 41.5 15 % 080 15 %
200 41.535% D97 5%
1450 40.5 5% 12015 %
1500 404 35% 13315 %
1640 40.2 35% 13145%
1750 20.135% 13715 %
Page: 7/11
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1500 40,0 35% PASS 14015 % PASS
1000 40.0 15 % 14015 %
1950 20.035% 1.40+5%
2000 40,0 35 % 1.40 15 %
2100 30.835% 14915 %
2300 39.535% 167 15 %
2450 39.215% 18015 %
2600 3o035% 196 15 %
3000 38.535% 24015 %
3500 379i5% 291+5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software QOPENSAR V4

Phantom SN 20/09 SAMTL

Probe SN 18/11 EPG122

Ligmd Head Liguid Values: eps’ : 40,6 sizma - 1.39

Distance between dipole center and ligmd

10.0 mm

Area scan resolution

de=8mm/'dv=8mm

Zoon Scan Besoluton

dx=Bmm/ dv=8mm dz=5mm

Frequency 1800 MH=
Input power 20 dBm
Ligmd Temperature 21 °C
Lab Temperaturs 21 °C
Lab Humidity 45 %
Fmrﬂ'ﬁ"q 1 g SAR (W/kg/W) 10 g SAR [W/kz /W)
required measured required measured
300 285 104
450 458 3.06
750 5.49 555
835 058 6.22
00 10.9 6.99
1450 239 16
1500 30.5 16.8
1640 342 184
1750 36.4 133
1E00 8.4 37.35(3.73) 201 19.83 [1.98)
Page: 811
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1000 39.7 205
1950 4.5 209
2000 41.1 211
2100 43.6 219
2300 48.7 233
2450 52.4 24
2600 55.3 246
FO00 63.8 25.7
3500 67.1 25
3700 67.4 242

sn-\\
5l
e Tum N
2 N
T ] - \\“ -
e | oo -3 ST T
F | W2 416 1B M N B D
B sl [T Vissi Z(rwr|
73 BODY LIQUID MEASUREMENT
Fre:ﬂl::nqr Relative permittivity (") Conductivity (o) 5/m
required measured required measured

150 61.915% 0.BD 15 %
300 58.2 15 % 09215 %
450 56.7 15 % 0.94 15 %
750 55515 % 09615 %
835 55.215% 097 15 %
00 55.015% 10515 %
915 55.015 % 1.06 15 %
1450 54.015% 13015 %
1610 53 B35 % 14015 %
1800 53.315% PASS 15215 % PASS
1900 53.335% 15215%
2000 53.335% 15215 %
21040 53.2 5% 16215%
2300 52.915% 1E115%
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2450 52715 % 1.55 15 %
2600 52535 % 21615 %
3000 5205 % 27315 %
3500 51.3 5% 3.3115%
3700 51015 % 35515 %
5200 49.0 £10% 5.30t10%
5300 4ag.9 t10% 5.42 £10%
5400 48.7 H10% 5.53 H10%
3500 48,6 210% 5.65210%
3600 485 t10% 577 E10%
5800 482 #10% 6.00 10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software QPENSAR V4

Phantom SN 20009 SAMT]

Frobe SN 1811 EPG122

Ligued Body Ligmd Values: eps’ : 53.2 sigma - 1.47

Distance between dipole center and ligmd

10.0 mm

Area scan resolution

dex=Bmm/ dy=8mm

Zoon Scan Besolution

dx=Bmm/dv=8mm 'dz=5mm

Frequency 1800 MH=
Input power 20 dBm
Ligud Temperature 21=C
Lab Temperaturs 21 °C
Lab Humidity 45 %
F'“:ﬂf‘"q 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measurad
1E00 37.6E [3.77) 20.26 [2.03)
szr-t\
» N
i Zm <
= s,
a E - ‘\‘
zm ~
=] =) 05— s |
b oa WA2 1416 16D Z MR E D
o W [ Vsl Z (|
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8§ LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
quipmme Idenrification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-SAM71 |/alidated. Nocal - Validated.  No cal
required. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  |Validated.  No cal
required. required.
Network Analyzer R“Ddez‘?: Jim"“ SN100132 02/2016 02/2019
Calipers Carrera CALIPER-01 0142017 0142020
Reference Probe MVG EPG122 SN 1811 1042017 1042018
Multimeter Keithley 2000 1188656 012017 0142020
Signal Generator Agilent E4438C MY 43070581 0142017 0142020
. Characterized prior to |Characterized prior to
Amplifier Aethercomm SN D46 test. Mo cal required. |test. No cal required.
Power Meter HP E44184A 538261498 012017 0142020
Power Sensor HP ECP-E26A US37181460 0142017 0142020
. ) Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. Mo cal required. |test. Mo cal required.
Temperature and
Humidity Sensor Control Company 150798832 112017 11/2020
Page- 11411
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CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILTI JIEDAO, NANSHAN DISTRICT

SHENZHEN, GUANGDONCG, CHINA
MV G COMOSAR REFERENCE DIPOLE

FREQUENCY: 1000 MHZ
SERIAL NO.: 8N 09/13 DIP 1G000-218

Calibrated at MVG US
2105 Barvett Park Dr. - Eennesaw, GA 30144

m T —— R

ACCREDITED

Calibration Date 1172717

Semmary:

This domirent presents the method and eaalts fiom an acoredited S AR wefererce dipale cabbration
perfonmed in MV G US4 wing the COMOSAR testherch, Al calibrshon remlts awe taceshle to
rational wetralog ¥ stitobons.
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1 INTRODUCTION

This documernt cortains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEI/IEC 62209 standards for reference dipoles used for SAR measuwrement system validations and
the measurements that were performed to verify that the product complies with the fore mentioned

standar ds.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOS AR 1900 MHz REFERENCE DIPOLE
Manmufacturer MV G
Model SID1%00
Serial Number SN 09/13 DIP 1G900-218
Product C ondition (hew / used) Used

A yeatly calibrationinterval is recommended

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

This docuonengt shall nt de veproduced. except mfull ov o pavy, without e witen

Figure 1 — MVG COMOSAR Validation Dipole
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4 MEASUREMENTMETHOD

The IEEE 1522, FCC KDBs and CELIEC 62209 standards provide recuiremerts for reference
dipoles used for system walidation measurements. The following meamyemerts were performed to
werify that the product complies with the fore menti oned standards.

41 EETUEN LOE3 REQUIREMEN TS

The dipole used for BAR system walidation meamy etherts and checdks must have a rebirn logs of 220
B or better. The retirn loss measurement shall be petformed aganst a liquid filled flat phantosm,
with the phartom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTE

The IEEE Std. 1528 and CELTEC 62209 standards specify the mecharica components and
dimensions of the validation dipoles, with the dimensions frecquency and phantom shell thickness
dependent. The COMOIAR test bench employs a 2 mm phardom shell thickness therefore the
dipoles sold for use with the COMOBAR test bench comply with the requirements set forth for a 2
min phattom shell thi clne ss.

5 MEASUREMENT UNCERTAINTY

A ancertairties listed below tepresent an ex patuded uncettainty expressed at gope ceimoately the 95%
cotfidence level using a coverage factor of k=2, traceable to the Internati onally Accepted Grddes to
Measurement Uncertanty.

51 ERETUENW LO33
The foll owing wncertainties apply tothe rebrnloss measy emerd:

Freguency hand Expanded Uncertainty on Return Loss
400- 60008 Hz 0.1 de

52 DIMENIION IMEASTREMENT
The foll owing wicertainties goply to the dimensi on measurem ents:
Length (mm) Expanded Uncertainty on Length
3-300 0.05 mim

53 VALIDATION MEASUREMENT

The guidelines outlined in the [EEE 1528, FCC EDBs, CENELEC EN30361 and CELIEC 62209
staridar ds were followed to generate the measurement uncertanty for wvali dation meamwem etits,
Scan Volume Expanded Uncertainty

lg 203 %
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6 CALIBRATION MEASUREMENT RESULTS

A1 RETUEW LOSE AWND IMPEDANWCE IN HEAD LIOUID
Freguarcy. MHz
1540 1850 Esl 1900 1520 1340 1580 1960 2000
. d
Frequency (MHz) Retumn Loss(dB) Requirement (d B) Impedance
1900 -24.08 -20 5120+63i0
62 RETURNW LOSSE AND I[MPEDAWCE [N BODY LIOUID
Frespaenoy, HHz
1600 1B2D 1B4D 1650 1680 1300 13x0 130 1960 1380 2000
a0
25
A0
T5-
5
200~
23—
-IR5-
330
Frequency (MHz) Retum Loss (dB) Requirement {d B) Impedance
1900 -2217 -20 468 0+680
62 MECHAWNICAT DIMENIIONS
Freq uency He L mm hmm d mm
required mess ured required mess ured meq uired Mmeas ured
30 42001 H. =00 H. 5,35 11 %,
Foge: &1
This &, shall wa e reprody i i it e W rual of MV
HEWMMEMbefbgﬁwﬁggmgﬁﬁﬁﬁ 'mz‘.mrg;imwm
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450 200+ %, 1667 11 0. 535 11 04
750 17604 %, 10000+ H. 635 1 H.
B3 16103 H, B0 E 1%, 3611 %,
Elual 14003 H. B3.3H % 3.6+ .
1450 9.1 1 %, 517 1%, 3.6+ .
1500 0.5 1 56 SO0 1 5. 3.6+ B,
1840 70.0H 5 45 7 1 0, 3.6+ B,
1750 75.2H 5 4240 1 0, 3.6+ B,
1800 7200 5 417 1%, 3.6+ b,
1900 .04 %, PASS L PASE LR PGS
1950 65,311 H. |5 1. 3611 %,
2000 64,5 +1 B, 75 N 3.6+ .
00 61,041 %, =7 N 3.6+ .
2300 5551 B 32.6 1 B 3.6+ B,
2450 51.5H 04 304 1 0 3.6+ B,
2800 43.5 1 0 ZBE N W 3.6+ b,
000 41.5 H1 54, =01 H 3614 %,
F=o0 7 .0E B, 264 11 %, 3611 %,
FF00 3. 741 B, 264 1 % 3.6+ .

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CELIEC 62209 standards state that the system walidation
theany e erts must be performed vsing a reference dipole meeting the fore ment aned retarn loss
and mechardcal dimension reqairements. The validation measurement must be performed against a
Lepaid filled flat phantom, with the phartom constactsd as oatlined in the fore menti oned standards.
Per the standards, the dipdle shall be positioned below the bottom of the phartom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top swface of the
dipiole at the described distance from the botbom swface of the phantom .

71 HEAD LIOUID MEASTUREMENT

Freauency Relative permittivity (8] conductivity (3)5/m
e uimed measumkd req Uired measu rd
0 4533504 0.E7 5%
450 435150 0.E7 5%
750 4103504 0.80 15 %
33 A15 150 0.9015 %
Elul 4153504 0.097 350
1450 405 1504 1.2015 %
1500 40.4 15 0 1.2335 %
16840 40235 H 1.3 3%
1750 401 3504 1.7 5%
Fage: 71l
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1800 A00 15 H 1.4045 H
1900 ao0 s 3.2 14045 H PASE
1950 40015 1.4035 5
2000 40015 % 1.4015 %
2100 BEEH 1.4035 %
2300 mEiEH 1.67 35 H
250 mI2imH 1.3015 H
2600 moEH 1.0635 H
3000 EEiEH 24015 H
o0 TFoish 201350

72 BAR MEASUREMENT EESULT WITH HEAD LIOUID

The IEEE Std 1325 and CEIAEC 62209 standards state that the system validation measy ements
should produce the 3AR walues shown below (for phantom thickness of 2 mm), within the

wwertarty for the system wvalidation Al 3AR walues are nommalized to 1 W foreward power. In
bracket, them eamared 3AR is given with the used it power.

Sofhrame OFENS AR V4
Phartoen ITHIONE 5AMTL
Puhe IH 1811 EPGla
Liquid Head Liqud Vahies: eps” - 4] dsigzma (1 57
[Chstatce between dipole certer and ligmd 10.0 rom
Aivea scan wsohibon d=Enmnidy==Snmn
Zoon Secan Fesohibhon de=Ermumidy=Enenid =51nm
Frequenoy 1200 MH=
Dyt poverer A dBm
Liquid Tenmperabire a1 *C
Lab Tenmperatire 2l TC
Lab Hunudity 45 %%
Fm:ﬂﬁm" 1g5AR (k) 10g SR (ke )
requined meas ured required measu ed
300 2.85 144
450 4.58 305
F50 .49 555
B3 9.58 5.22
Eln] 1049 599
1450 -] 15
1500 05 168
16840 .2 154
1750 36.4 1a.3
1800 =4 201
Poge: &11
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1900 »m7 .35 [393) 05 .45 [2106]
14850 A0.5 208
2000 411 ra i |
00 436 Ma
2300 A3.7 23232
2450 524 A
2800 55.3 2.5
3000 63.8 =7
00 7.1 =
el 7.4 12
.=
[ \‘
_ W
=
E 4 P
LEL \\
o ML
i T
1 1K) [~
[
1] mIz WIE | D 22
[ imai Z ()

BODY LIQUID MEASUREMENT

B wiolion e I WRole oF part niious weitin o nal of MIAE

F’E:ﬂi"""' Relative permittivity (5] conductivity [a)5/m
required meds ured required measu red
150 o 15 0.8015 %
300 SE2XEH 002350
450 SET IS0 0.04 15 0
750 EE5ishh 00615
B3 552150 0.87 155
Eln ] EEois 1.05 35 %
415 EEo0is 1.0635 %
1450 sS40 H 1.3035 0
1510 S35 H 1.4015 0
1800 533k 15235 %
1900 533k PAES 152350 FASS
2000 533k 1.5235%
200 532k 1.6235 %
2200 52t 1.813 %
Foge: &1
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2450 5275 H 1.05 15 %
2600 52550 21635 H
2000 520150 273EH
=) 5133 % THER
3700 51035 H 35535 0
5200 40.0X10% s.30H0%
5300 45.0 0% sA2H0%
5400 48.7 H0H SE53H0%
5500 48 . 610 5.5 H0H
5800 45.5 Mo SFTHOMN
SE00 43.2H0% so0R0%

74 ZBAR MEASTREMENT RESULT WITH BODY LIOTID

Softerame DOFEHS AR V4

Phantcan IH 2005 SAMTL

Frche SH1&11 ER1E

Liquid EBody Ligmd Vahies:eps”: S1.0s5zma: 1.53
Dhstance between dipole certer and ligumd 10.0 nom

Avea scan wsoh ton dx=Enmidy=Snmm

Zoon 5 can Resolition dx=Smmidy=Enrn'd==Snmm
Frequensy 1900 MH=

Drpaat povrer X dBm

Lipnid Ternperatire a1 *C

Lab Tenmeratare 2l C

Lab Hunudity 45 %%

F’EEﬂ";“:'" 13580 (W) 105 S8R (ke )
meas ured megs ured
1000 ®E4 (353 147 (206

[N
B \\
I,
&)
EE?HI \"\
raa ] N
i N
2 N
57—, ,
ooz MWIE W EA DA K RN
= == ]
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§ LIST OF EQUIPMENT

Equipment Summar

Sheet

Euput | Moo g o £ [Nt e
SAM Phantom e SN-20/03-5AM 71 r:ﬁi? Mo cal ; :ﬂi?' Mo cal
COMOSAR TestBench|  Wersion 3 MA, rgﬁisf’- Hoeal 1 ;‘;ﬂigf’- Mo cal
Metwark Aralyoer | FoDode ;ﬁd"‘“’arz Sh 00132 22016 (22019
Calipers carrera CALIPER-M 0152017 0172020
Reference Probe MG EPG122 SN 1811 1002017 102018
Muttimeter Weithley 2000 1183655 0102017 0112020
Sional Generator | Agilent E44380 M v49070551 0162017 012020
e | oo | o [
Power Meter HP Ed4184 LS 38261498 0162017 01 f2020
P ovier Sensor HP ECP-E264 US37181460 0102017 0112020
Directional Coupler | Marda 4216-20 01 386 f;:ﬁf;g:’fegﬂﬁﬁ feﬁaﬁfgffegﬂﬁﬁ
Leu%ﬁjﬁgr:rzgf Cantrol Company 150798652 1Mm7? 1172000
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et i, Wi FE -
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."'r;ll_ll“ l..'l,'.';""I Calibration SEFT ETILID

Calibration Date: 11/27/17

Summary:

Thus document presents the method and results from an accredited SAFR reference dipole calibration
performed 1n MVG USA uwsing the COMOSAR test bench. All cabhbration results are traceable to

nafional 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
CELTEC 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 2450 MHz REFERENCE DIPOLE
Manufacturer MVG

Model SID2450

Serial Number SN 09/13 DIP 2G450-220

Product Condition (new /used) | Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 — MV'G COMOSAR Validation Dipole
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4 MEASUEREMENT METHOD

The IEEE 1528, FCC KDBs and CELTEC 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 EETUERNLOSS EEQUIREMENTS

The dipole used for SAR. system validation measurements and checks must have a refurn 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.

42 MECHANICAL FEQUIREMENTS

The IEEE 5td. 1528 and CELTEC 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 phanfom 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 Intemnationally Accepted Guides to
Measurement Uncertainty.

51 RETUEN LOSS
The following vncertainties apply fo the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
400-5000MHz 0.1dB

52 DIMENSION MEASURFMENT

The following uncertainties apply fo 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 EDBs, CENELEC EN30361 and CELTEC 62200
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

1g 203 %

Page: 5/11

Thiz document shall not be reproduced, excepr in fuil or i pare, without the written auproval gf MTG.
Thae infarmarion cantamed herein i1 fo be used onjy for the purpose for which It is submited and Iz nat fo
be released in whole ar part withour wrinten approval of MTG.



)

&/
Report No. SET2022-11891

SAR REFERENCE DIFOLE CALIBRATION REFORT Ref: ACR332017.5ATUA

10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS
6.1 EETURN LOSS AND IMPEDANCE IN HEAD TIQUID

Fleouency, MHz
2350 FE0 2400 M 240 MeD J4R0 2500 2FM 230
-

- |
N | 0 [ [

Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -27.04 -20 4950+3910

6.2 EBRETUEN LOSS AND IMPEDANCE IN BODY LIQUID

Fraguercy, MHz
ZIA0 00 2420 M40 2dE0 24RO 2E00 2520

2350 250
a0-
25—
A+
75
-
125+

o | [ T [ T
5 A17.54
=200
2254
-Za0
275
A00-

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -26.02 -20 53.20+4010
6.3 MECHANICAT DIMENSIONS
Frequency MHz L mim h mm d mm
required measured required measured required measured
300 420011 %. 2500 31 % 6.35 11 %.
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450 290.0 £1 %. 166.7 31 5. 6.35 31 %.
750 176.0 11 % 100.0 1 55 6.35 31 %.
835 161031 %. BB ¥1%. 3.6 +1%.
900 149.011%. B33 11 % 3.6 11 %.
1450 B9.1+1%. 517 41 %. 3.6 11 %.
1500 BO.5 +1%. 50.0+1 %. 361 %.
1640 TO.0+1 %, 45.7 1 %. 36 +1%.
1750 752 H1%. 32041 %. 36 +1%.
1500 72011 %, 41.7 11 %. 3611 %.
1900 68.0 £1 %, 39.5 11 %, 3.6 11 %.
1950 66.3 1 %, 38.5 11 %. 3.6 11 %.
2000 54.5 1%, 37541 %. 3.6 +1%.
2100 B1.0+1%. 35741 %. 3.6 +1%.
2300 55.5 +1%. 32641 %. 3.6 +1%.
2450 51.5 1 %. PASS 30431 %. PASS 36T1%. PASS
2500 4B.5+1%. 28841 %. 36 +1%.
3000 415 +1%. 25041 %. 36 +1%.
3500 37041 % 26.4 11 %. 3611 %.
3700 34.741 % 26.4 11 %, 3.6 11 %.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC EDBs and CELTEC 62209 standards state that the system validation
measurements nst be performed using a reference dipole meeting the fore mentioned return 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 LIQUID MEASURFMENT

Frerﬂl:a:-nq Relative permittivity (s,") Cconductivity (o] 5/m
required measured required measured
300 453 15 % 0.B7 15 %
450 435 15 % 0.E7 15 %
750 419 15 % 0.BD 15 %
835 41.5 5% 0.90 15 %
300 41.5 5% 0.97 35 %
1450 40.5 +5 % 1.2015 %
1500 40.4 +5 % 12315 %
1640 40.2 15 % 131153 %
1750 401 15 % 13715 %
Page: 7/11
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1500 40,0 5% 14015 %
1800 40,0 5% 14015 %
1950 40,0 5% 14015 %
2000 20.035% 14015 %
2100 39835 14915 %
2300 39.515% 16715 %
2450 302355 PASE 18015 % PASE
2600 3o035% 19615 %
3000 38515 % 24015 %
3500 37.9i5% 29115 %

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELTEC 62209 standards state that the syvstem validation measurements
should produce the SAF. 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 vsed input power.

Software OPENSAR V4

Phanton SN 20/09 SAMTL

Probe SN 18711 EPG122

Ligmd Head Liqud Values: eps’ - 40.5 sigma - 1 .87

Distance between dipole center and ligmd

100 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=5mm/dy="mm 'dz=5mm

Frequency 2450 MH=
Input power 20 dBm
Ligwd Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %
F";ﬁ“q’ 1 £ SAR (W/kg/w) 10 SAR [W/kg/w)
required measured required measured
300 285 184
450 4.58 3.06
750 B.49 5.55
835 9.56 6.22
00 109 G699
1450 29 15
1500 30.5 16.8
1640 342 134
1750 36.4 193
1500 384 201
Page: 811
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1900 39.7 205
1050 40.5 200
2000 a1.1 211
2100 436 19
2300 a8.7 233
2450 52.4 52.67(5.27) 24 23.76 (2.38)
2600 55.3 246
3000 63.8 257
3500 67.1 23
3700 67.4 2432

ot Eﬁw N
T 5 am \\
2 N
e | oo (1) H‘-‘_""-—-—-._ |
[ 012 1416 1B MR M X 3D
F Wissi [ Vissi 2 |
7.3 BODY LIQUID MEASUREMENT
Fre:ﬂl:a;nqr Relative permittivity {s,") Cconductivity (o) 5/m
required measured required measured
150 619 %5% 0.BD 15 %
300 58.235% 09215%
450 56.7 15 % 094 15 %
750 55.5 15 % 0.96 15 %
835 55.2 15% 097 15 %
300 55.035% 1.05 5%
915 55.035% 1.06 15 %
1450 54015 % 13015 %
1610 53B15% 14015 %
1800 53315 % 152 5%
1900 53.335% 152 +5%
2000 53.315% 15215%
2100 53215 % 162 15 %
2300 520 %5 % 18115%
Page: 011
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2450 52 735% PASS 158515 % PASS
2600 52515 % 21615 %
3000 52.015% 27315 %
3500 51.335% 33145 %
3700 51.015% 35515 %
5200 49.0 #10% 5.30 t10%
5300 439 t10% 5.42 t10%
5400 48.7 H10% 5.53 #10%
3500 43,6 210% 5.65 Z10%
SE00 435 t10% 5.77 f10%
SE0Q 432 f10% 5,00 £10%

74 SARE MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20009 SAMT]

Probe SN 18/11 EPG122

Ligmd Body Ligmd Values: eps’ : 54.6 sigma - 1.95

Distance between dipole center and liguid

10.0 mm

Area scan resclution

dr=8mm/dy=8mm

Zoon Scan Resolution

dx=Smm/dy=5mm /d==5mm

Frequency 2450 MH=
Input power 20 dBm
Ligqud Temperature 21°C

Lab Temperature 21 °C

Lab Humdity 45 %

Frequen
:1H‘ ¥ 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measured
2450 51.42 (5.14) 23.48 (2.35)
- ==
- - |
93
B -—g
B g \
o 1
2 Y
- Fm =
)
[
i 1]
e | o | D T |
o ] 012 14 18 16 20 22 M X B 2
o i B Yimsl Z jwwr|
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8§ LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
quipime Identification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-5aM71 |/3ldated. Nocal - Validated. — No cal
Fequired. required.
COMOSAR Test Bench|  Version 3 NA alidated. Nocal  Validated.  Nocall
required. required.
Network Analyzer R““’dez‘?: Ji':“”"m SN100132 02/2016 02/2019
Calipers Carrera CALIPER-D1 012017 01/2020
Reference Probe MV G EPG122 SN 1811 1062017 1042018
Multimeter Keithley 2000 1188656 012017 01/2020
Signal Generator Agilent E4438C MY49070581 0142017 01/2020
. Characterized prior to [Characterized pror to
Ampiifier Acthercomm SN 046 test. Mo cal required. [test. No cal required.
Power Mater HP E44184 LIS382614098 012017 01/2020
Power Sensor HP ECP-E264A UsS37181460 012017 01/2020
. ) Characterized prior to (Characterized prior to
Directional Coupler Narda 4216-20 01386 test. Mo cal required. [test. No cal required.
Temperature and
Humidity Sensor Control Company 150798832 1112017 11/2020
Paga- 11711
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Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in MVG USA using the COMOSAF. test bench. All calibration results are traceable to
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528. FCC KDBs and
CELTIEC 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 2600 MHz REFERENCE DIPOLE
Manufacturer MVG

Model SID2600

Serial Number SN 32/14 DIP 2G600-338

Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAT INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole

Page: 4/11
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4 MEASUREMENT METHOD

The IEEE 1528, FCC EDBs and CELTEC 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 menfioned standards.

41 EETUEN 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 liguid filled flat phantom.
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICATL REQUIREMENTS

The IEEE Std. 1528 and CELIEC 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 93%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

51 EETUEN LOSS
The following uncertainties apply fo the refurn loss measurement:

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

52 DIMENSION MEASUREMENT

The following uncertainties apply fo the dimension measurements:

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

53 VAIIDATION MEASUREMENT

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

lg 203 %
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6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Flequency, MHz
00 A 240 2AR0 FEA0 R0 IR0 4D FRRD ZRRD
-

.m_-

Frequency (AMHz) Return Loss (dB) Eequirement {dB) Impedance
2600 -30.33 -20 5310-0.70
6.2 EETUEN LOSS AND IMPEDANCE IN BODY LIOTUID
Fleauency, MHz
M0 2R 2540 XERD R0 AR JEM) MRdD MeRD JRED 270D
-
GJ_
-
N |
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -33.55 -20 4040-21i0
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm h mim d mm
required measured required measured required measured
300 420011 %, 25000 H1 % 6.35 31 %.
Page: 6/11
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450 290.0 1 4. 166.7 31 % 6.35 1 %.
750 176.0 £1 %. 100.0 31 % 6.35 31 %.
835 161.0 1 %. 89.8 1 %, 3611 %.
900 145051 % B33 +1 % 3.6 11 %.
1430 0.1 11 %, 51.7 31 %, 3.6 11 %.
1500 B0.5 1 %. 5000 1 %, 3.6 11 %.
1640 7o00+1%. 457 11 %, 3611 %.
1750 752 H1 %, 420+1 %, 3.6 11 %.
1800 72011 %, 417 11 %. 36+ %.
1900 68.0 11 %. 39.5 1 % 3.6 11 %.
1950 66.3 £1 %. 38511 % 3.6 11 %.
2000 645 +1 %, I75HL W 3.6 11 %.
2100 61.0 +1%. 357 1%, 3.6 11 %.
2300 55.5 1 %. 32.6 1 % 3.6 11 %.
2450 51.5 11 %. 304 £1 %, 3.6 11 %.
2600 455 +1 %, PASS 8.8 +1 %. PASS 361 %. PASS
FO00 415 +1%. 2501 %, 3.6 11 %.
3500 37.081 % 26.4 11 %, 3.6 11 %.
3700 34.7H1 % 26.4 11 %, 3.6 11 %.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KEDBs and CELTEC 62209 standards state that the system validation
measurements nmust 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
lengih centered and parallel to the longest dimension of the flat phantom, with the fop surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Fre:ﬂl:;nq Relative permittivity (s,") Conductivity (o) 5/m
required measured required measured
300 453 15 % 0OE715%
450 43515 % 0O.E715%
750 41945% 0.E9 15 %
835 41515 % 0o015 %
900 41515 % 09715 %
1450 40.5 15 % 12015 %
1500 40.4 35 % 12315 %
1640 40.2 15 % 13115 %
1750 40115 % 13715 %
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1800 40035% 14015 %
1000 40035% 14015 %
1050 A0035% 14035 %
2000 A0035% 14035 %
2100 30835% 149015 5%
2300 30 535% 16735 %
2450 30.2i5% 1E0E5%
2600 3o0isk PASS 19615 % PASS
J000 38535% 2A015%
3500 370i5% 20115 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELTEC 62209 standards state that the system validation measurements
should produce the SAFR. 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 SM 20/09 SAMT]
Probe SN 18/11 EPG122
Ligud Head Liquid Values: eps’ - 38.5 sigma - 2.01
Distance between dipole center and liqumid 100 mm
Area sean resolution dx=Brmm ‘dv=8mm
Zoon Scan Resolution der=3mm/dy=5mm/dz=5mm
Frequency 2600 MH=
Input power 20 dBm
Ligud Temperature 21 =C
Lab Temperature 21 °C
Lab Humidity 45 %
Freanency 1 g SAR (W/kg/W) 108 SAR (W/kg/W)
required measured required measured
300 285 104
450 458 306
750 .49 5.55
835 9.56 6.22
200 10.9 5.00
1430 29 16
1500 30.5 16.8
1640 34.2 184
1750 36.4 193
1800 354 201
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1900 39.7 205

1950 40.5 200

2000 411 211

2100 43.68 219

2300 48.7 233

2450 52.4 24

2600 55.3 55.47 [5.55) 246 24.40 (2.45)
FO00 63.8 257

3500 67.1 25

3700 67.4 242

0EE—
[
— E £
T 3 am Prd
2 i =
2| o] - . . MEL L 1012 1::;_;_‘_\1 % 3 @
o s T viemt Z i
7.3 BODY LIQUID MEASUREMENT
Fre:;inq Relative permittivity {s,") Conductivity (o] 5/m
required measured required measured
150 61.015% 0ED 15 %
300 58.2 5% 09215 %
450 56.7 15 % 05415 %
750 55.5 15 % 09615 %
835 55.2 5% 08715 %
900 55.0 15 % 10515 %
915 55.015% 10615 %
1450 54.0 15 % 13015 %
1610 53815 % 14015 %
1800 53.315% 15215 %
1900 53.315% 15215 %
2000 53.315% 15215 %
2100 53.215% 16215 %
2300 520 15% 1E115%
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2450 52 735% 158515 %
2600 52535% PAZSE 21615 % PASS
3000 52035% 27315 %
3500 51.335% 33115 %
3700 51.035% 35515 %
3200 43.0 £10% 5.30 £10%
5300 43.9 f10% 5.42 B10%
5400 43.7 f10% 5.53 f10%
5500 43.6 £10% 5.65 f10%
5600 435 0% 577 H10%
5800 43.2 +10% 5.00 £10%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OFENSAR V4

Phantony SN 20/09 SAMTI

Probe SN 18/11 EPG122

Ligued Body Ligmd Values: eps” : 52.0 sipma - 2.16

Distance between dipole center and ligmd

10.0 mm

Area scan resclution

dee=Bmm/dy=8mm

Zoon Scan Resolution

dr=mm/dv=3mm/dz=Smm

Frequency 2600 MH=
Input power 20 dBm
Ligwd Temperature 21°C

Lab Temperature 21 =C

Lab Humidity 45 %

F’“:ﬂ:ﬁ"q 1 g saR [w/kgw) 10 g SAR {W/kg/W)
measured measured
2600 53.45 [5.34) 24.00 [2.40)

F Wimmi [ Wimai
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)
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8§ LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
quipme Identification No. . .
Description Model Calibration Date Date
SAM Phantom MVG SN.20/09-SAM71 |/3Ndated. Nocal — Walidated. Mo - cal
required. required.
COMOSAR Test Bench Version 3 NA .-’allc:!ated. Ho cal Jalli:!ated. Mo call
required. required.
Network Analyzer R""deg: f,im"m SN100132 0212016 02/2019
Calipers Carrera CALIPER-D1 0142017 0142020
Reference Probe MY G EPG122 SM 18/11 1002017 1002018
Multimeter Keithley 2000 118BESE 0142017 0142020
Signal Generator Agilent E4438C My 43070581 0142017 0142020
. Characterized prior to |Characterized prior to
Amplifier Aethercomm SN D46 test. Mo cal required. [test. Mo cal required.
Power Meter HP E44184A LIS382614098 0142017 0142020
Power Sensor HP ECP-E2EA UsS37181460 0142017 0142020
) ) Characterized prior to |Characterized prior to
Directional Coupler Marda 4216-20 01386 test. No cal required. |test. Mo cal required.
Temperature and
Humidity Sensor Control Company 150798832 1142017 1142020
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SID5G Dipole Calibration Report

SAR Reference Waveguide Calibration Report

Ref: ACR.332.11.17.SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI JIEDAO, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE WAVEGUIDE
FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 15/15 WGA39

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

7~ |ACCREDITED]
M N PR AL

Calibration Date: 11/27/17

Summanry:

This document presents the method and results from an accredited SAR reference waveguide
calibration performed in MVG USA using the COMOSAR test bench. All calibration results are
traceable 10 national metrology institutions.
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Refl ACRIILILITSATLEA

| INTRODUCTION

This document contains a summary of the requirements set forth by the 1IEEE 1528 and CEVIEC
62200 standards for reference waveguides 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 5000-6000 MHz REFERENCE WAVEGUIDE
Manufacturer MVG
Model SWGS500
Serial Number SN 15/15 WGA39
Product Condition (new / used) | Used

A yearly calibration interval is recommended,

3 PRODUCT DESCRIPTION

3l GENERAL INFORMATION

MVG's COMOSAR Validation Waveguides are built in accordance to the IEEE 1528 and CEVIEC
62209 standards,

4 MEASUREMENT METHOD

The IEEE 1528 and CEVIEC 62209 standards provide requirements for reference waveguides 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 waveguide used for SAR system validation measurements and checks must have a return loss of
-8 dB or better. The return loss measurement shall be performed with matching layer placed in the
open end of the waveguide, with the waveguide and matching layer in direct contact with the
phantom shell as outlined in the fore mentioned standards,

4.2 MECHANICAL REQUIREMENTS

The IEEE 1528 and CEVIEC 62209 standards specify the mechanical dimensions of the validation
waveguide, the specified dimensions are as shown in Section 6.2. Figure | shows how the
dimensions relate to the physical construction of the waveguide,
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Ref: ACR IR ILITSATUA

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 Accepted Guides to
Mecasurement 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 ‘

5.2 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements;
Length {mm) I Expanded Uncertainty on Length

3.300 ‘ 0.05 mm

53 VALIDATION MEASUREMENT

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

I g 203 %

10g 20.1 %

6  CALIBRATION MEASUREMENT RESULTS

6.1  RETURN LOSS IN HEAD LIQUID

Freguency, MHz
5100 5200 S300 5400 5500 600 S0 800

(

11
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| Frequency (MHz) | Return Loss (dB) | Requirement (dB) |  Impedance
| ‘ 969 8 | 25.64Q+4.71 )02
‘ * -10,98 -8 i F17.11 0
[ [ [ ! e
‘, | N x. 1(‘;‘1}, :Q-'l::f' f')g ¥
L l L 8 _4782Q+21.42jQ
6.2 RETURN LOSS IN BODY LIQUID
Fraguency, MHz
5400 5500 600
| Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
’ 5200 | 8.86 8 2397 Q +5.78 0
\ 5400 \ -9.91 -8 9264 Q+17.221Q
L 3600 ‘ .72 8 _32590-13.02 Q0
I 5800 | 11.90 -8 ,
6.3  MECHANICAL DIME
f Freaues 1 (mm) W (mm) Li (mm) Wi (mim) | T (mm)
g e Require Meusure Require Measure Require Measure Require Messuare Require Meusure
¥ (M) d d d d d d d d d d
= [78039% | oace | 20092 | prce | 81032 | pac 61982 | o.cc | <10 =
L 5204 | o3 | PASS | o3 PASS | o3 | PASS | a3 | PASS | §3 PASS
el 40,39 &+ o 20,19 4 y ., B1.054 Sk [ARLE > - s 3o A OO
“ 5800 013 PASS 0.13 PASS 0.13 PASS 013 PASS 4 PASS
* The tolerance for the matching Jayer 18 mcluded in the return loss measurement
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Matcheng layer

Figure 1: Validation Waveguide Dimensions

7  VALIDATION MEASUREMENT

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
must be performed using a reference waveguide mecting the fore mentioned return loss and
mechanical dimension requirements, The validation measurement must be performed with the
matching layer placed in the open end of the waveguide, with the waveguide and matching layer in
direct contact with the phantom shell.

7.1 HEAD LIQUID MEASUREMENT

FIEQencY | Rolative permittivity (c/) |  Conductivity (o) S/m
g y sl "

S000 36.2£10% ] 445 210%
5100 36.1210% 4.56 £10%
5200 36.0210% PASS 4.66 £10% PASS
5300 359s10% | PASS 476 £10% PASS
5400 35.8£10% PASS 486 £10% PASS
5500 356 210% PASS 497 210% PASS
5600 35.510% PASS 507 £10% PASS
5700 354 :10% 517 £10%
S800 353%10% PASS 5.27 £10% PASS
5990 352 210% 53B £10%
6000 35.110% 548 £10%

7.2  SAR MEASUREMENT RESULT WITH HEAD LIQUID

At those frequencies, the target SAR value can not be generic. Hereunder is the target SAR value
defined by MVG, within the uncertainty for the system validation, All SAR values are normalized
to 1 W net power. In bracket, the measured SAR is given with the used input power.
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SAR MEASUREMENT PLOTS (@ 5200 MHz

Software OPENSAR V4
Phantom SN 20009 SAMT71
Probe SN IRTLE] -
Liquid Head Liquid Values 5200 MHz:! eps' :35.14 sigma - 4.74
Head Liguid Values S400 MHz: eps' :34.52 sigma : 4,77
Head Liquid Values 5600 MHz: eps' :37.08 sigma - 5.03
Head Liquid Values SROO MHz: eps' :34.64 sigma : 5,19
Distance between dipole waveguide and liquid O mm
Arca scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=4mm/dy=4m/dz=2mm
Frequency $200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21 °C
Lab Humidity 45 %
Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
required '1 measured required measured
5200 159.00 | 164.10 (16.41) 56,90 55.98 (5.60)
5400 | 66.40 171.25 (17.13) 58.43 57.79 (5.78)
3600 173.80 178.98 (17.90) 59.97 59.93 (5.99)
5800 181.20 185.54 (18.55) 61.50 61.47 (6.15)
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7.3 BODY LIQUID MEASUREMENT

s e Relative permittivity (6,) Conductivity (o) S/m
required measured required measured

5200 430:10% PASS 530210 % PASS

5400 487210 % PASS 553:10% PASS

5600 485210% PASS 577210 % PASS

5800 48.2:10% PASS 6.0010 % PASS

74 SARMEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 1811 EPGI22
Liquid Body Liquid Values 5200 MHz: eps’ 49,01 sigma : 5.27
Body Liquid Values 5400 MHz: eps’ 49,67 sigmn - 545
Bady Liquid Values 5600 MHz: eps' (47,57 sigma © 5.69
Body Liguid Values 5800 MHz ¢ps' 49 82 sigma - 5.94
Distance between dipole waveguide and liquid O mm
Arca scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=4movdy=4m/dz=2mm
3 5200 MHz
quuem.y 5400 MHz
S600 MHz
S800 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
. Frequeney(MHz) | 1gSAR (Wkg) 10 2 SAR (W/kg)
measured measured
5200 155.78 (15.58) 5448 (5.45)
3400 160.24 (16.02) 35.34(5.53)
5600 167,61 (16.76) 56.92 (5.69)
5800 170.49 (17.05) 57.26 (3.73)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Deenpion | " |entncaton No ¢ et e | Gt "

Flat Phantom MVG SN-20/08-SAMT1 i’gm’ No-cal ;’gf:;gd No cal

COMOSAR TestBench|  Version 3 NA :‘f:'ﬂf;gd No cal mm:" No oo
Network Analyzer | 008 % BCMMATZ | gnqopta2 \ 0212016 0212019
Calipers Carrera CALIPER-01 0172017 01/2020
Reference Probe MVG EPG122 SN 18/11 1012017 1012018
Multimeter Keithley 2000 1188656 012017 01/2020
Signal Generator | Agllent E4438C |  MY49070581 012017 0172020

e | paporom | s | o Gezediv
Power Meter HP E4418A US38261498 0112017 0172020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020

Diroconsl Couper | Narda 421620 | Otass | Chareclered priorfo Characterizedpir o
L‘L’:‘n’f:";";‘:nzg‘r’ Control Company | 150798832 1112017 1112020

Page: 13/13

Thix docuwent shell st fre reprovdvcad, excepst 1o fill or iy part, withone e wntten appreosael of MG
The information comnmed bevem v & be roved andy Gr ohe poorpace o which it i subwirted and 15 nor o
e relevesend (n whale or pars withos wridter apgvovad of MPG



=

Report No. SET2022-11891

<Justification of the extended calibration>

If dipoles are verified in return loss(<-20dB, within 20% of prior calibration),and in impedance
(within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration

interval can be extended.

Head 750MHz
Date of
Return Loss (dB) Delta (%) Impedance | Delta(ohm)
Measurement
2017.11.27 -40.35 - 49.1 -
2019.11.26 -40.17 4.23 48.98 -0.12

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 750MHz

1 Start 650 Nz
112000, 1027 "M

1 Start 640
112000, 109% "M

Nz
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Head 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -21.05 - 59.7 -
2019.11.26 -21.09 -0.93 59.74 0.04

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5o0hm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 835MHz
Y £
1 Mag 10 & 18 1 ; el th Refi o
s1n sn
B e
l \
il .‘,f;‘
," } N
| [ ] o
. : ',—:kt—
| | | | AT )
i
. x B ]
chl Start 13508 Pt OB Sop 825 M onl St 1350 Pt OcBm Sop 805 W
112000, 10:40 M 112000, 1000 PM
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Head 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -21.94 - 44.7 -
2019.11.26 -21.48 11.17 44.12 -0.58

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 1800MHz

§ |
el {8 Mag 1043/ Ref(dB Ca 1 Trct th Reti 5 |
sn sn
: e

—{ :
| \
|
(NN
. N\
| | | :-.
) L —
[ [ T )
)
|
chl Stant VT GHz Pt OB Stop 10U GHe ont St VI GHz ot OB Stop 10 GHe
1122903, 137 284 1122909, 1:40 28
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Head 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -24.08 - 51.2 -
2019.11.26 -24.07 0.23 54.29 3.09

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 1900MHz

1l Swan 13 GH

1122903, 151 2N

=)

1GH: Chl San 1EGH

1122903, 15) &N

op 2 GH2
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Head 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -27.94 - 49.5 -
2019.11.26 -27.59 8.39 47.93 -1.57

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 2450MHz
5 £
1 18 M. 10483/ Rat 2] 1 1 th Retl . | "
sn sn
s .
NN
| \
| R A\
\ .
<\
. - - — — l 3 \
| | f SO
-
e’
- b
on Stant 234 GHe ot Ocm =top 255 GHr on Stant 235Gk Pt OcEm =top 255 GHz
112000, 1224 19 2000, 1221 10
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Head 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -30.33 - 53.1 -
2019.11.26 -29.92 9.90 51.54 -1.56

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 2600MHz
T 1
i $
1 Mag 1043/ 18 1 1 el Smth  Red 1 o 1
SN sn
1"
- “ e RN
| \ \N
S | [
| | o L X
. 3 _—‘_'h.—
‘ | = }
\ ' f
Ch1 St 25GHz Bt 08 T Gop 27GHz  Ch1 St 24GHz Ot 0 M stop 27 GH
12000, 1290 28

FI2000, 12200 1
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Head 5-6GHz
Date of Frequency
Measurement (MHz2) Return Loss (dB) | Delta (%) | Impedance | Delta(ohm)
2017.11.27 5200 -9.69 - 25.64 -
2017.11.27 5400 -10.98 - 84.04 -
2017.11.27 5600 -13.52 - 36.63 -
2017.11.27 5800 -13.34 - 47.82 -
2019.11.26 5200 -9.70 -0.23 27.66 2.02
2019.11.26 5400 -11.02 -0.93 84.54 0.50
2019.11.26 5600 -13.34 4.23 36.02 -0.61
2019.11.26 5800 -13.49 0.69 51.67 3.85

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 5-6GHz

Stan 51 GH Fwe 0 dBir R 58 GHz ol Swan 5106H
1132003, 111 2N 1132903, 1:1) 2N
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Body 750MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -27.32 - 46.8 -
2019.11.26 -27.28 0.93 46.60 -0.20

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 750MHz
s 5
1 M ¥ - ; th Redl o
sn SN
-~ N
L | \
| N\ \
— . S = — — 1 "
| | L
e
, . \ )
7
Chl Start 650 Mt “Per 0B " Sop BROME | ORI Stant BAONEG Bt 0B S0 BAO M
T12000, 1025 "M 112000, 192 "M
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Body 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -25.17 - 55.1 -
2019.11.26 -25.25 -1.86 56.65 1.55

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 835MHz

) §

cnl o Start 135 A% Par OcBm Sop 925 M onl Start 1350 ot Ocom 0p 92502
T12000, 10:00 M 112000, 1090 M
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Body 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -24.11 - 44.3 -
2019.11.26 -24.16 -1.15 43.81 -0.49

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 1800MHz
f §
1 B Mag 1043/ 1 1 K 1 mth  Red 1 ~a 1
sn sn
" —
l \
| N \
T - . o B
| o | e T
»n ;',J.’b—
[ [ T )
“ | ) .
v/
1
Chl Stat 1 7 GHz W 0 cBm Stop 10 GHe cnl Start 11 GHz oS top He
1122908, 100 28 1122900, 1:40 28
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Body 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -22.17 - 46.8 -
2019.11.26 -21.90 6.41 50.56 3.76

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 1900MHz

Cnl Stan 15GH2 Pwe 0 dEir e 2 GH2 Cnl Swan 18GH Pw 0 dBir e 2 GH
1122903, 152 2N 1122903, 115) &N
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Body 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -26.02 - 53.2 -
2019.11.26 -25.55 11.43 50.04 -3.16

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 2450MHz
f §
1 M & 1 4 1 th Retl o
s s -
i lv N\
| N \
1k = . ‘}77 \
lo | i
3 ;',J.’b—
| [ = " )
| A
Gl St 238GHr Pt 0B " Gwp 255Gk | Cnl Sun 235G Pwr 0B o 245 G
112000, 1259 28 12000, 12:0) 28
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Body 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -33.55 - 49.4 -
2019.11.26 -33.56 -0.23 49.14 -0.26

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 2600MHz
Y }
1 M 1043/ B 1 3 1 Smth Red 1 o
sn sn B
08 = :
o f . \
| Ma—— - —— —— / l 3 N
. | o | | :;\:1
' [ w TN )
| o
| / |
i~ X/
Cnl S 25GHE : "~ Per 0B " Sop 27GHr | Cnl Sum 25GH Pat 0B Stop 27 G
112000, 1252 0 12000, 12740 10
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Body 5-6GHz
Date of Frequency
Measurement (MHz2) Return Loss (dB) | Delta (%) | Impedance | Delta(ohm)
2017.11.27 5200 -8.86 - 23.97 -
2017.11.27 5400 -9.91 - 92.64 -
2017.11.27 5600 -11.72 - 32.59 -
2017.11.27 5800 -11.90 - 48.49 -
2019.11.26 5200 -8.63 5.44 24.83 0.86
2019.11.26 5400 -10.31 -9.65 92.19 -0.45
2019.11.26 5600 -11.88 -3.75 32.81 0.22
2019.11.26 5800 -11.63 6.41 52.91 4.42

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Body 5-6GHz

<Dipole Verification Data>

f

Stan 51 GH2
1132902, 1% 2N

San 5164
1132903, 104 20
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EPGO330 Probe Calibration Report

COMOSAR E-Field Probe Calibration Report

Ref : ACR.24.4.22 BES.A

CCIC SOUTHERN TESTING CO., LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI STREET, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA

MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 41/18 EPGO330

Calibrated at MVG
Z.1. de la pointe du diable
Technopdéle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 01/24/2022
v, cofrae

NN\

ETALONNAGE

Accreditations 126789
Scope availuble on www cofiac fi

The use of the Cofeac bramd and the acoreditation refes ences (s peohibited foom any reproduction

Summary:

This document presents the method and results from an accredited COMOSAR E-Field Probe
caltbration 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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mvGg COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref. ACR244 22 BEG A
Name Function Date Signature

Prepared by ! Jérome Le Gall | Measurement Responsible | 1/24/2022 = '

Checked by : Jérome Luc Technical Manager | 1/24/2022 7=

Approved by Yann Toutain Laboratory Director | 17252022 %ﬂw TOLTAAN

2022.01.25
11:52:42 +01'00'

Customer Name
CCIC SOUTHERN
Distribution ! TESTING CO.,
LTD
Issue Name Date Modifications
A Jéréme Luc 1/24/2022 [nitial release
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mvGg COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACR244 2ZBES A
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACR244 2ZBES A

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 41/18 EPG(O330
Product Condition (new / used) Used
Frequency Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0,186 M2
Dipole 2: R2=0.192 MQ)
Dipole 3: R3=0.201 MQ2

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVG's COMOSAR E field Probes are bult in accordance to the IEC/IEEE 62209-1528 and FCC
KDB865664 D01 standards.

Figure 1 - MG COMOSAR Dostmetric E field Probe

Probe Length 330 mm
Length of Individual Dipoles 2 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 2.5 mm
Distance between dipoles / probe extrerty | 1 mm

3 MEASUREMENT METHOD

The IEC/TEEE 62209-1528 and FCC KDB865664 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.

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

32  SENSITIVIT

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.
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Template ACRODDDN, YY.MVGRISSUE COMOSAR Prote vK
Thiz documert shall not be regrodiiced, except vn fdl or inpast, wthaut the witsen approvel of VG, The infornation contained heretn (2 to be swed
ovtly forthe purpase for which 2 = submutted and iz not to be nefezzed 2 whale orpart wehawt writen gpproval of MVG.



)

Report No. SET2022-11891
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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 limitis 10 mW/ikg.

34  ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 to 360 degrees in 15-
degree steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box
filled with fissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave
dipole. The dipole is rotated about its axas (0°-180°) in 15° increments. At each step the probe s
rotated about its axis (0°-360°),

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 uncertainly 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:

(db- +dtt|'p): (‘-4,,(5:2 ))

SAR oy %= SBAR,, for (dy, +dpg) <10 mm

2d 4 a2

where

SARyncertainty is the uncertainty in percent of the probe boundary effect

dpe 15 the distance between the surface and the closest zoom-scan measurement
point, in millimetre

Astep 15 the separation distance between the first and second measurement points that
are closest o the phantom surface, in millimetre, assumng the boundary effect
at the second location is negligible

o 18 the minimum penetration depth in millimetres of the head tissue-equivalent
liquids defined in this standard, i.e., 5~ 14 mmat 3 GHz,

ASAR}e in percent of SAR is the deviation between the measured SAR value, at the

distance dpe from the boundary, and the analytical SAR value.

The measured worst case boundary effect SARuncertainty[%] for scanmng distances larger than
4mm is 1,0% Limit ,2%).
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Ref ACRZ44 2ZBES A

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB8B65664 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.

Uncertalnty analysis of the probe calibration in waveguide

Uncertainty Prohability Standard
ERROR SOURCES value (%) Distribution Diviser Uncertainty (%)
Expanded uncertainty 14 %
95 % confidence level k= 2 e
5 CALIBRATION MEASUREMENT RESULTS
Calibration Parameters
Liquid Temperature 20 +-1°C
Lab Temperature 20 +-1°C
Lab Hurmdity 30-70 %
5.1 SENSITIVITY IN AIR
Normx dipole | Nommy dipole | Normz dipole
1 (eVAVMP) | 2 (eVAVmP) | 3 (uViVimy?)
0.91 1.00 0.73
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
{mV) {mV) (mV)
108 110 107

Calibration curves ei=fiV) (1=1.2.3) allow to obtain E-field value using the formula:

Template ACRODDDN, YY.MVGRISSUE COMOSAR Prote vK

E =V~’E;: +E,'+E,
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Calibration curves
659~
600 //
£ 400 7
> = Dipole 1
§ 300 Dipole 2
] o 3
20 ;7
100 e
/4
0"[ |
000 002 004 006 008 010 012 014 016
Voltage (V)
59 I lnl:ﬁBlI)'
Lineanty
1.00-;
0.75~;
& 050
= ‘
« 025
‘E B S e e ]
§-0.25
050
0.75-
1.00-, |
0 100 200 300 400 500 631

E-Feld (V/m)

Linearity:+/-1.31% (+/-0.06dB)
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Ref ACRI44 2ZBES A

53 SENSITIVITY IN LIOUID

+/-
100MHz)

HL600 600 1.23
HL750 750 1.28
HL850 835 1.30
HLO() 900 1.32
HL1500 1500 1.55
HL1750 1750 1.67
HL1800 1800 1.55
HL1200 1900 1.72
HL2000 2000 1.72
HL2300 2300 1.86
HL2450 2450 1.81
HL2600 2600 1.81
HL3300 3300 1.55
HL3500 3500 1.58
HL3700 3700 1.56
HL3900 3900 2.

HLA200 4200 1.70
HLAGOD 4600 1.79
HLA%00 4900 1.76
HL 5200 5200 1.39
HLS400 5400 1.50
HL5600 5600 1.63
HL35800 5800 1.53

LOWER DETECTION LIMIT: 7TmW/kg
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54 ISOTROPY
HL1800 MHz

g
£
:
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment | Manufacturer/ ||\ oo (o | Current Next Calibration
Description Model SR Calibration Date Date
CALIPROBE Test = Validated, No cal Validated, No cal
Bench Version 2 NA required. required.
Network Analyzer R°“d°;‘vfﬁ°h‘”a'z 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2019 10/2022
Network Analyzer - | Rohde & Schwarz
Calibration kit 2V-2235 101223 05/2019 05/2022
Network Analyzer -
Calibration kit HP 850330 3423A08186 06/2021 06/2027
Multimeter Keithley 2000 1160271 02/2020 0212023
Signal Generator R°hd°si,|sB°h'”a” 106589 04/2019 04/2022
: : Characterzed prior to|Characterized prior to
Ampiiiier MvG MODU-023-C-0002 test. No cal required. {test. No cal required.
Power Meter NI-FUSB 5680 170100013 06/2021 06/2024
Power Meter R°"d‘:"§5‘l§““’z 832839-056 11/2019 11/2022
RO Characterized prior to|Characterized prior to
Directional Coupler Krytar 158020 131467 test. No cal required. |test. No cal required.
Malidated, No cal Validated, No cal
Waveguide MVG SN 3216 WG4 _1 equired. equired.
. a SN 32/16 Malidated., No cal Validated. No cal
Uguid transition Mve WGLIQ_0GO00_1 fequired. equired
2 Malidated, No cal Malidated, No cal
Waveguide MVG SN 32/116 WG6_1 equired, required.
Liquid transiti MVG SN 32/16 Malidated. No cal Validated. No cal
9 o WGLIQ_1G500_1 fequired. Fequired.
: Malidated, No cal Validated. No cal
Waveguide MVG SN 32/16 WG8_1 equired. equired.
o SN 32/16 Malidated. No cal Validated. No cal
LN e VS WGLIQ_1G800B_1 fequired. equired.
. . SN 32/16 Malidated. No cal Validated. No cal
Liuid trarisiion MVG WGLIQ_1G800H_1 fequired. equired.
. Validated, No cal Validated. No cal
Waveguide MVG SN 32116 WG10_1 equired. equired.
; SN 32/16 Malidated, No cal Validated, No cal
Uquid transition MVS WGLIQ_3G500_1 fequired. equired.
Page: 10Vi]
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Waveguide MVG SN 3216 WG 12_1 :’Qﬂm;‘:"' Nocal :’iﬁfgﬁd' o cal
SN 32/16 Malidated. No cal Validated. No cal
Liquid fransition IS WGLIQ_5G000_1 fequired. required.
Temperature / Humidity] ¢, 184 H1 44225320 06/2021 06/2024
Sensor
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SID750 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR.178.2.20MVGB.A

CCIC SOUTHERN TESTING CO., LTD

ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI STREET, NANSHAN DISTRICT

SHENZHEN, GUANGDONG, CHINA

MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 750 MHZ
SERIAL NO.: SN 23/15 DIPOG750-378

Calibrated at MVG MVG
Z.1. de la pointe du diable
Technopble Brest Iroise - 295 avenue Alexis de Rochon
20280 PLOUZANE - FRANCE

Calibration date: 06/25/2020
i, cofrac

EFALONNAGE

Accraditations 92-67T8Y und 0256514
Scope svaibsly un wew cofe fy

Summary,

This document presents the method and results from an accredited SAR reference dipole calibratson
performed m MVG using the COMOSAR test bench Al calibration results are traceable tw

national metrology institutions
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Approved by : Yann Toutain Laboratory Director | ©/26/2020 ¢

Customer Name
CCIC SOUTHERN
Distribution - TESTING CO.,
LTD
Issue Name Datv Modifications
A Jérbme LUC 6/26/2020 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACRITE220MVGE.A
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1 INTRODUCTION

This decument 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 750 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID750
Serial Number SN 23/15 DIPOG750-378
Product Condition (new / used) Used

3 PRODUCT DESCRIPTION

KR 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, FCOC KDBs and CELNIEC 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 liguid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A dircct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibsration.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specity the mechanical compenenis and
dimensions of the validation dipoles, with the dimension’s 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. A direct method is used with a [SO1702S calibrated caliper.

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 RETURNLOSS
The following uncertainties apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.08 LIN
52 DIM REM

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
0-300 0.2¢ mm
300 - 450 0.44 mm

53 VALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC ENS0361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty
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' 1 g 19 % (SAR)
10 g 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1  RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency Nk
850 §60 80 e H 70 %0 80 1~ L ) IS

D

S48

»
| Frequency (MHz) Return Loss (dB) | Requirement (dB) [ Impedance
‘ 750 -42.12 ‘ -20 50.5 Q- 0.6 i

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Foaguency, Nr2
620 o0 60 e er e =0 0 | 120 80

"o

o )
> N e
» ip o

o 2
AR e
in
)

11,48
< B
» oo i i

H

Frequency (MHz) Return Loss (dB) Requirement (dB) lllgpcdanvce
750 | -27.00 ] -20 | 4790+39i0

6.3 MECHANICAL DIMENSIONS
Freguency MMz ] L mm 7 T h mm 7[ N 7;mm

measured ‘ required ’ measurod

required measurod required
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300 470021 %, 250,041 %, 6.3521%,
aso 250041 %, 1667 11 5. 63521%
750 176021 %. - 1000 1 %, . 63521%. S
835 161021% 89.541 %. 1621%
300 145.0 £1 %. BI321%, 3641%
1450 89121 % 51.721%, 3641%
1500 BOS1 % S50021% 36N
1630 7.0 % aA57:21% 3621 %
1750 7521 %, 25:1% EE TR
1800 72021 %, 7% 1641 %
1900 6801 %, 39.5 £1%: 1641 %,
1950 66,341 % 385 41% 3621 %,
2000 68521 %, 5% EL T30 %
2100 61021 %, 187 41N, 1621%
2300 55541 %, 12641 %, 3621%
2450 51521% 304 1 %. 1641%
2600 4E521% 28831 % 16411%
3000 41581% 25021 %, 3681 %
1500 37.041 %. 6441 %, 3641%.
3700 33781 % 26421%. 3621 %

7  VALIDATION MEASUREMENT

The IEEE Std, 1328, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole mecting 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,

7.1 HEAD LIQUID MEASUREMENT

R Relative permittivity (] Conductivity (o) S/m
requined moasured required measured
00 53:0% | 0.87410%
450 435210% 0871210%
150 419 £10% 418 089:10% 0.8
835 415 £10% 090:10%
300 415110% 0.97:10%
1450 40510% 120210%
1500 20,4 210% 123410%
1640 A2 0% 131:20%
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1750 401210 % 137310%
1800 aA00=10% 140210%
1900 40.0210% 140:10%
1950 40.0210% 140210 %
2000 40,0410% 1.40410%
2100 398410% 1a9:10%
2300 3W5210% 167210%
2450 3972310% 180 £10 %
2600 320210% 196210 %
3000 385:10% 240210 %
1500 A7.9:210% 291:10%

72 SAR MEASUREMENT RESULT WITH HEAD LIOUID

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 VS
Phantom SN 1309 SAM6R
Probe SN 41/18 EPGO333
Liquid Head Liguid Values: eps’ : 418 sigma : 0.82
Distance between dipole center and ligusd 15.0 mm
Area scan resolution dx=Smm/dy=8mm
| Zoon Scan lution dx=8mm/'dy=~Emm/dz-Smm
Frequency 750 MH2
Input power 20 dBm
| Liquid Temperature 20+ 1°C
Lab Tempemture 20--1%C
Lab Humidaty 30-70 %
" 16 SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 285 13¢
450 458 306
750 843 8.73 (0.87) 5355 5.71(0.57)
835 9.56 622
500 109 £.99
1450 29 16
1500 30.5 16.8
1640 4.2 184
1750 %4 19.3
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1800 384 201
1900 39.7 05
1950 40.5 e
2000 411 1n1
2100 436 215
2309 48.7 233
2450 524 2a
2600 553 246
3000 62.8 257
3500 671 25
3700 674 242

-
| m—

: LN

(:-é lu;v v»nﬁ-mnfo
7.3 BODY LIQUID MEASU EN
. Relative permittivity (') Conductivity (o) $/m
required measured required measured
1%0 61.9210% C80=10%
i 58.2:10% 0.92:10%
450 S6.7 £10% 0.54 £10%
150 555:10% 52.9 096:10% 088
EED 552 £10% 057210 %
500 550420% 105210%
915 55.0 410 % 1.06 410 %
1250 54.0420% 130410%
1610 53.8+I0% 1.40210%
1800 $33210% 152210%
1900 533110% 1L52210%
2000 $33110% 1.52210%
2100 53.2210% 1.62210%
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2300 525:210% 181210%
2450 527210% 195210%
2600 525£10% 216210%
3000 52,0210% 2.73410%
3500 51.3+10% 3.31:10%
3700 514 +10% 355110 %
5200 490210 % 530210%
3300 429210 % 542310 %
5200 A87210% 5.53:10%
5500 186210 % 565210%
5600 4E5210% 5.77 $10%
SE00 282 +10% 600£10%
7.4 ASU ENT RESULT WITH BODY LIQUID
Software OPENSAR VS
| Phantom SN 13109 SAMbS
Probe SN 41/18 EPGO333
Liquid Body Liguid Values: eps’ | 52.9 sigma ¢ 0.89
Distance berween dipole center and liquid 15.0 mm
|_Area scan resolution doc=8muydy=Smm
Zoon Scan Resolution dx=8mm/dy=Smm/dz= Smm
Freguency 750 MHz
Inpel power 20 dBm
Liguid Temperature 20+ 1°C
Lab Temperature 20+ 1°C
Lab Humidity 30-70 %
F
T 15 SAR (W/kg/W) 10 5 SAR (W/kg/W)
measured measured
750 B.82 (0.88) 5.91(0.59)
- & I
o l

i

.. | R
B s \:T*T.F

HEWNDTNENE
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Manufacturer ! |y igcation No.| UM
Valldated No cal Validated, No cal
SAM Phantom MVG SN-13/09-SAME8 [0 o J
lcomosa Validated. Nocal  Nalidated. No cal|
e meRy _heaul | s required required ]
Network Analyzer R“"“"i‘v‘:’“"*"" 100203 05/2019 0512022
. | 101223 0612019 08612022
Calipers Mitutoyo SN 0009732 1012019 1002022
Reference Probe MVG EPGO333 SN 41/18 05/2020 05/2021
Multimeter Keithiey 2000 1160271 02/2020 02/2023
Signal Generator R““"’&%"‘”"‘ 106589 04/2019 0412022
Characterzed prior 1o |Characterzed prior to
Amplifier Asthercomm SN 045 lest, No cal required. [test, No cal required.
Power Meter NI-USB 5680 170100013 05/2019 05/2022
. Characterized prior to |Characterized prior to
Directional Couplar Narda 4216-20 01386 test. No cal required, |test. No ca! required,
T°’“°°"g”'° / Humidity! &0 rof Company 150798832 1112017 11/2020
ensor
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—End of the Report—



