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COMOSAR E-FIELD PROBE CALIBRATION REPOR1 Ref: ACR.79.18.20SATU A
1 DEVICE UNDER TEST
Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 3415 EPGO26S
Product Condition (new / used) sed
Frequeney Range of Probe 0.15 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1-0.192 MQ

Dipole 2: R2-0.229 MQ

Dipole 3: R3-0.202 MQ

A yearly calibration interval 1s recommended.

2 PRODUCT DESCRIPTION

2.1 ERAL INFORMATION

MVG™s COMOSAR E field Probes are built in accordance to the IEEE 1528, OET 635 Bulletin C and
CEVIEC 62209 standards.

Figure 1 - MG COMOSAR Dosimetric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 2 mm
Maxmmum extemal diameter 8 mm
Probe Tip Extemal Diameter 2.5 mm
Distance between dipoles / probe extremity | 1 mm

3 MEASUREMENT METHOD
The IEEE 1528, OET 65 Bulletin €. CENELEC ENS0361 and CEVIEC 62209 standards provide
recommended practices for the probe calibrations, mcluding the performance charactenistics of
mterest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards,

31 LINEARITY

The evaluation of the lincarity was done in free space using the waveguide, performing a power
sweep o cover the SAR range 0.01Wikg 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 W 0 ON

The lower detection limit was assessed using the same measurement set up as used for the lincarity
measurement. The required lower detection limit 1s 10 mW kg,

34 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks, The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps,  The hemispherical isotropy is determined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave dipole,
The dipole is rotated about its axis (0°-1807) in 157 increments. At each step the probe is rotated
about its axss ((°-3607).

3.5 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal to the interface. To evaluate this
effect. the liguid filled flat phantom is exposed to fields from cither a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR s measured and
compared to the analyvtical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEI'IEC
62209 standards were followed 1o generate the measurement uncertainty associated with an E-field
probe calibration using the wavegwide 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 Intemationally Accepted Guides to Measurement 17 nceﬂalm\

jwmmmmnm
Uncertainty |  Probability Standard
ERROR SOURCES value (%) | Distribution | Pivisor & | Uncertainty (%)

Incident or forward power 3.000% Rectangular \.’5 | | 1.732%
Reflected power 3.00% Rectangulur "5 | | 1.732%
Liguid conductivity 5,000, Rectangular \":1_ | | 2887%
Liquid permittivity 2.00% Rectangulur V3 I I 2.300%
Field homogenesty 3007 Rectangular vi l 1 1.732%
Field probe postioning 5.0 Rectangular ‘,"3 | | 2857%
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COMOSAR E-FIELD PROBE CALIBRATION REPOR1 Ref: ACR.7218.20.SATU.A

Field probe linearity 300% Rectangular V3 \ I 1.73204

Combined standard uncerfainty 5831%
Expanded uncertainty 1200

95 ¢ confidence Jevel k= 2 b

5  CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21°C
Lab Temperatuse 21°C
Lab Humidity 45 9%

5.1 SENSITIVITY IN AIR

Normx dipole | Nommy dipole | Normz dipole
1 (uVAVIMP) | 2 (uViVimy) |3 (uVAVim)Y)
0.71 0.77 0.81
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
{(mV) (m\) (mV)

91 92 97

Calibration curves ei=fiV) (1=1,2,3) allow to obtain H-field value using the formula:
E=\E'+E'+E,’

Calibration curves

Dpols 1
Doole 2

m-
00
=0 T
hothe
£ 4w ==
_2- o’
ot =
= 20 =
/
100 -]
0~ '
00 a0z 00s 006 006 Qe (R )
Voltage (V)
FPage: 610

Tvis docwmens shyill not be repwodvced. excepy i Al ov i part. withons e vrttten spyvoval of MV,
Thve informtion comtadond Aervin (2 10 by vand only for the propsose for wliok It i rabsdbed aved 11 o Ao
b redeared e whode or part witow wrimes aggpeoval of MIT:



-@@1 Report No.: BL-SZ2170811-701&702

COMOSAR E-FIELD PROBE CALIBRATION REPOR1 Ref: ACR.7218.20.SATU.A
5.2 LINEARITY
Lineanty
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H1.750 750 002 090 1.89
BL750 750 5679 1.00 1.96
HL850 835 4213 0.90 1.93
BL8SU 835 S4.66 1.01 1.9%
HL90O 00 2 {2 1.OL 1.95
BLSOO 900 5524 1.08 202
HL 1800 1800 41 65 146 218
BL1S0O 1800 53 88 146 2.25
HL. 1900 1900 3845 145 2.46
BL190O 1900 5332 1.56 257
HL2000 2000 3826 1.38 224
BL200OO 2000 3270 1.51 231
HE2300 2300 3944 1.62 2.58
BL230 2300 5452 1.77 2.65
HL2450 2450 37.50 1 .80 255
BL2450 2450 5322 1.88 2.63
HE 2600 2600 3980 1.99 2.38
BL2GOO 2600 5252 223 2

115200 5200 3564 467 2.00
BLS200 5200 48 64 5 51 214
L5400 5400 3644 487 204
BL540X) 5400 4652 577 212
HL 5600 5600 3666 517 220
BLSG0O S600 4676 576 2.27
HLSB00 5800 3532 $.30 217
BLSSOO SB00 47.03 & 10 222

LOWER DETECTION LIMIT: 8mW/'kg
FPage: 710
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6 LIST OF EQUIPMENT
Pesriiation T Model | [Mentification No.| L e i ealas
\Validated No cal Validated No call
Flat Phartom MVG SN-20/08-SAM 71 equired Fequired
\Valigated No cal \Validated No cal
ICOMOSAR Test Bench Version 3 NA sauired equired
Network Analyzer | X0de 2% SOMNATZ | gyq00132 022018 0212022
Reference Probe MVG EP 94 SN 37/08 10/2020 102021
Mutimeter Keithley 2000 1188656 1212019 1212022
Signal Generator Agilert E4438C MY43070581 1272019 122022
A Charactenzed prior to |Characterized prior to
Mer Asthercomm SND46 test No cal required |test No cal required
Power Meter HP E4418A US3a261448 1212018 1212022
Power Sensor HP ECP-E26A Us37181480 1212019 1212022
Characterized priof to |Characterized prior 1o
Directioral Coupler Narda 4216-20 01386 test No cal required, [test No cal required
Validated No cal Validated No cal
- i
Waveguide Mega Industnes | 068Y7-158-13-712 equired fequired
: Validated No cal Vallcated Nocal
Wavegude Transition | Mega Industries | 069Y7-158-13-701 equired yequired
4 \Validated No cal \Valicated No cal
Wavegude Terminationy Mega Industries | 089Y7-158-13-701 equired equired
Ye"‘pe"’stz'em{r' midty| Control Company 150798832 1012020 102023
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KUNSHAN BALUN COMMUNICATIONS
TECHNOLOGY CO.,LTD.
ROOM 101, BUILDING 5, NO. 1689, ZIZHU ROAD
YUSHAN TOWN, KUNSHAN, JIANGSU, CHINA
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Calibrated at MVG MVG
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Technopéle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 03/18/2021
L, cofrac

ETALOMNAGE

Acuredrations 42.678% md V26814

Scope avedahle on www cotiec fi

Sumimary:

This document presents the method and results from an accredited SAR reference dipele calibration
performed in MVG ming the COMOSAR test bench.  All calibration results are traceable to
national metrology institutions
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SAR REFERENCE DIPOLE CALIBRATION REPORT R4l ACRTT 7214V OB A

1 INTRODUCTION

This document contains a summary of the reguirements 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 venfy 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 08/21 DIP2G450-452
Product Condition (new / used) Used

3 PRODUCT DESCRIFTION

Al GEN 3 10N

MVG's COMOSAR Validation Dipoles are bult 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 - MG COMOSAR Validatton Dipole
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mvGg SAR REFERENCE DIPOLE CALIBRATION REPORT R4l ACKTI 7204V 0B. A

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.

41 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 liqud filled flat phantom,
with the phantom constructed as outiined in the fore mentioned standards, A direct method is used
with a network analyser and its calibration kit, both with a valid 1SO17025 calibration.

42 : 3 QU AENTS

The IEEE Std, 1528 and CEIIEC 62209 standards specify the mechanical components and
dimensions of the validaton dipoles. with the dimension’s 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. A direct method is used with a ISO17025 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 Intemationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS
The following uncertainties apply 1o the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
A-60OMHzZ 0.08 LIN
52 JSION MEASU

The following uncertainties apply to the dimension measurements

Length (mm) Expanded Uncertainty on Length
0-300 0.20 mm
300 - 450 0.44 mm
53 VALIDATION MEASUREMENT

The gudelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEI/IEC 62209
standards were followed to generate the measurement uncertanty for validation measurements,

Page: 5/13
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Scan Volume

Expanded Uncertainty

lg

19 % (SAR)

10g

19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 2861 -20 193 () - 3.6 10

62

RETURN LOSS AND IMPEDANCE IN BODY LIOUID

Fregumrcy

10 5-

250 2400

M

Frequency (Mliz) Return Loss (dB)

Requirement (dB)

Impedance

2450

24009

20 528 Q2-5.5:102
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SAR REFERENCE DIPOLE CALIBRATION REPORT ReE ACKT7 7L MVIRA
63 SIONS
Frequency MHz L mm hmm d mm
required measured required measured required measured

300 A20.0 21 %, 250011 % 63511 %,
450 7900 +5 %, 1667 #1 % 63541 %,
50 176.0 11 %. 1000 41 % 6.3541%,
835 161.0 11 %, B98 1 % 3641 %,
200 189.0:1 %, 833:1% 3611%,
1450 89111 % SL721%. 3611%.
1500 80511 % 500:1% 3611 %,
1640 79011 % BTN I621%,
1750 75211 %. 42921 %, 3.611%.
1800 J20 11 % AL £1 % 3641 %,
1900 68,011 % 39521 % 3611 %,
1950 66311 % LTS B 3.6 £1%,
7000 64511 % 7SN, 3643 %
2100 610:1% IST=AN 3.6 11 %,
2300 55541 % 32651 % 36 1%,
2850 51541 %, ELEES BN 3.6 1%,
2600 48511 %, L LIS BN 3621 %,
2000 £15:1 % 25021 %, 3641%.
3300

3500 3701 %, 264:1% 3621 %,
Fon 34711 %, J6A1 N A6 11 %,
3200

4200

4600

4900

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FOC KDBs and CEFIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore menfioned return loss
and mechamcal dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined n 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 phantem, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

Page: 713
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SAR REFERENCE DIPOLE CALIBRATION REPORT R4l ACKTI 7204V 0B. A
71 HEAD LIQUID MEASUREMENT
va:uv Relative permittivity (5] Conductivity {2) S/m
required measured reguired moasured
300 453210 % 087 110%
LEN] 435210 % 087 :10%
%0 A19 210 % 089 410%
s DS TEN 0.90 10 %
500 41510 % 097410%
1450 405 210 % 120 410 %
1500 404 210 % 123110 %
1640 402 210 % 1.31410%
1730 401 210 % 137410%
1800 A00 210 % 1.40 410 %
1900 a0.0 110 % 1.40 £10%
1950 A 210 % 1.40 410 %
2000 40D 210% 140 410%
2100 398 210 % 149110 %
2300 395:10% 167410%
2450 392 :0% ans 120 410% 1.88
2600 390 10 % 196 410%
2000 385 0% 240 110%
1300 382410 % 271410%
3500 379:10% 291 410 %
3700 37T 0% 3112110%
3500 375210 % 332 410%
4700 370 210 % 363 410%
600 36.7 410 % 404410%
4500 363 0% 435 410 %
72 SARMEASURE SU ]

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.
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mvaG SAR REFERENCE DIPOLE CALIBRATION REPORT Eal ACRTI 721 M4V0B A

Software OPENSAR VS
Phantom SN 1309 SAM4S
Probe SN 41/18 EPGO333
Liquid Head Liqusd Values: eps” - 41 & sigma - | 88
Distance between dipole center mnd liquid 10.0 ruen
Area s resoluti ix=8muov'dy=8mm
Zoon Scan Resolution Ax=Sminy'dy=Smen/de =S
| Frequency AU50 MHz
Input powes 20 dBm
Liquid Temperuture 2 +/-1°%
Lab Tempersture 20+-1°C
Lab Husnadity 30-70 %
oo 18 SAR (W /ke/W) 102 SAR (W/Kg/W)
required measured required measured
300 285 194
as0 158 306
750 8.49 5.55
oS 9.5 6.22
Y00 109 699
1450 2 16
1500 305 168
1640 42 134
1750 A 193
1800 isA 21
1500 97 05
1550 105 209
2000 Mna 711
2100 LETS 713
2300 a8y 733
2450 524 51.44(514) 2 231604232
2600 553 246
300 638 257
3300
3500 674 25
300 74 242
3500
a4z
4600
4500
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73 F J SU /
F'm‘;"” Relative permittivity (5] Conduetivity{o) S/m
required measured recuired moasured

150 615210 % 080 110 %
300 582 210 % 092 10%
a0 5.7 210 % 094 +10%
150 555 Q0% 096 £10%
LES) 552 :0% 097 +10%
00 550 0% 1.05 410
915 550 0% 106 10 %
1450 540 =10 % 130210 %
1630 538 210% 140 +10%
1800 533 :0% 152410%
1500 533 40% 1.52110%
2000 533:10% 15210 %
2100 532 210% 162 410%
230 529 0% 181 :10%

2450 527 210 % 534 195410 % 214
2600 525 0% 216110%
3000 S20:0% 273110%
3300 516 :10% 108410%
1500 S13:0% 131400%
370 510210 % FE5 0%
3900 508 =10 % 378110%
4200 S04 210 % 413 :10%
4600 A9 <10 % A60 210w
4500 494 210 % 495410%
S20 aA50 a0 % 530 £10%
5300 489 10 % 542:10%
5400 LIRS [ 55340%
5500 a6 210 % 565110%
5600 485 0N 5771110%
5800 A82 210 % 600 110 %
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74 SARMEASUREMENT RESULT WITH BODY LIOUID
| Software OPENSAR VS
Phantom SN 13400 SAMo6S
Probe SN 41/18 EPGO333
Laquid Body Liguid Values: eps’ © $3.4 sigmia - 214
Distance between dipole center mnd liquid 10.0 ren
Area scmn resolution dhe=8mmy'dy=8mm
Zoon Scan Resolution dx=Smm/dy = Smm/dz~Smm
Frequency 2450 MHz
Input power 20 dBm
Luquid Temperature 20 +/« 1 °C
Lab Ternpersture 20 +/- 1°C
Lab Humidity 3070 %
"“w“:'“' 15 SAR (W /ka/W) 102 SAR (W/kg/W)
measured measurod
2450 53,29(5.33) 2316(2.32)
— [ ) "
i "
\ 7 J "
l &
" "
7
z
i \ Y
o N
Aa ~ Y
5] 3
Ehill DU UMM NE2NAEN
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Description Model SRR Calibration Date Date
NValidated No cal Validated No cal
SAM Phantom MVG SN-1V08-SAMGE hequired. Fequired.
: Malidated. Mo cal Vahdated No calf
JCOMOSAR Test Bench Version 3 NA required. Fequired.
Network Analyzer | RONde S Schwarz 100203 0512019 0512022
Network Analyzer— | Rohde & Schwarz
Calibration kit ZV-Z2356 101223 052019 052022
Calipers Mitutoyo SN 0009732 102019 10/2022
Referance Probe MVG EPGO333 SN 41118 052020 05/2021
Muttimeter Keihley 2000 11680271 02,2020 0212023
Signal Generator | onde 8 Schwarz 106589 0412019 0412022
v Characterized prioe to|Characterized prior to
Ampifier Asthercomm SN o4 test. No cal required. test, No cal required
Powar Meter NI-USB 5680 170100013 05/2019 05/2022
X Charactenzed priee tojCharacterized pnor o
Drectional Coupler Narda 4216-20 01386 test. No cal required. [test. No cal required.
Tempersture /Humidty|  Testo 184 H1 44220687 052020 06/2023
ensor
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