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Summary:

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

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufiscturer MVG
Model SSES
Senal Number SN 24/20 EP336
Product Condition (new / used) New
Frequency Range of Probe 0.15 GHz-3GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.211 MQ
Dipole 2: R2=0.192 MQ2
Dipole 3: R3=0.217 M)

2 PRODUCT DESCRIPTION

2.1 GENE! FO TION

MVG's COMOSAR E field Probes are built in accordance to the IEEE 1528, FCC KDB865664
DO, CENELEC EN62209 and CEVIEC 62209 standards.

Figure 1 - MVG COMOSAR Dosimetric E field Dipole

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

3 MEASUREMENT METHOD

The IEEE 1528, FCC KDB865664 D01, CENELEC EN62209 and CEVIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance characteristics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards,

3l EARITY

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

Page 410
Tomplite ACRDDDN VEMPGRISSUE COMOS AN Mobe vl

Thix dovament shall not be ropeestioosd, exoapt i fall ov o part, without e weitten gpprovad of MVG. The information contimimed kerein i 0 b wied
oly for the purpote fur which (& sasbmitted and (s mor 10 Be relegand e whole or part withost writive appeove) of MVG

Further enquiry of validity or verification of the test report should be addressed to AGC by agc@agc—cert.com.

Attestation of Global Compliance(Shenzhen)Co., Ltd
Attestation of Global Compliance(Shenzhen)Std & Tech Co., Ltd
Tel: +86-755 2523 4088  E-mail: agc@agc-cert.com  Web: http://cn.agc-cert.com/




AGC’

mvg COMOSAR E-FIELD PROBE CALIBRATION REPORY Refl ACR.176.1 20 MVGRA
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.

3.3 LOWER DETECTION LIMIT

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

34 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 13-
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 dtpole 1s rotated about its axis (0°-180°) in 15° increments. At each step the probe is
rotated sbout its axis (0°-360°),

3.1 BOUNDARY EFEECT
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 onented 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 normal to the phantom surface, the peak spatial average SAR is measured and
compared to the analytical value af the surface,

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

. slong lines that are approximately normal to the surface:

SAR g sy %)= SAR,, (e +deg ) pm%) for (dy, +dq) <10 mm

2y 5/2

where

SARyncertainty is the uncertainty in percent of the probe boundary effect

dhe ts the distance between the surface and the closest zoom-scan measurement
point, in millimetre

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

) is the minimum penetration depth in millimetres of the head tissue-equivalent
liquids defined in this standard, 1.c., 8= 14 mm at 3 GHz;

ASARpe in percent of SAR 1s the deviation between the measured SAR value, at the

distance diy. from the boundary, and the analytical SAR value.
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The measured worst case boundary effect SARuncertainty{%)] for scanning distances larger thun
4mm is 1.0% Limit ,2%).

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEIIEC
62209 standards were followed 1o 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 spproximately the 95% confidence level usmg a coverage factor
of k-" tracublc 10 thc lmcmmmall Acc

VoW T P 5
e Y B r—
SN A ¥ LA e W . W M |
s : Uu«minty Probabili Standard
ERROR SOURCES pershpeer Dbty |  Divisor 4 | ncertate %)
Expanded uncertainty 14%
95 % confidence level k ~ 2 i
5 CALIBRATION MEASUREMENT RESULTS
Calibration Parameters
Liquid Temperature 20 +/- 1 °C
Lab Temperature 20 +/-1°C
Lab Humidity 30-70 %
5.1 SENSITIVITY IN AIR
Normx dipole | Normy dipole | Normz dipole
1 (uVAOVim)Y?) | 2 (uVIVImY) |3 (uVAV/im)?)
6.31 6.16 533
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) {mV)
114 113 114

3) allow to obtain E-field value using the formula:

Calibration curves ¢i=f{V) (i=1,2,
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mVG COMOSAR E-FIELD PROBE CALIBRATION REFORY
Calibration curves
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5.2 LINEARITY
Linearity
10— =
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Linearity: +/-1.74% (+/-0.08dB)
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5.3  SENSITIVITY IN LIQUID

Ligquid Frequency Convk
!Muz ofe
_JOOMHZ)
HL700 700 4.97
BL700 700 S0l
HL750 750 5.06
BL750 750 .12
HL&ES0 835 5.26
BL850 835 5.66
HL900 900 516
BL9GO 900 546
HL1700 17 433
BL1700 1700 420
HL1800 1800 4.48
BL1§00 1800 4.30
HL 1900 1900 4.72
BL1900 1900 441
HL200 2000 4.61
BL2000 2000 434
HL2300 2300 435
BL2300 2300 454
HL2450 2450 4.23
BL2450 24350 4.17
HL2600 2600 181
BL2600 2600 1.63

LOWER DETECTION LIMIT; 9mW/kg
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment | Manufacturer/ [ oo e, Current Next Calibration

Deseription * Model Calibration Date Date
Validated. No cal Validated No cal
Flat Phantom MVG SN-20/09-SAM71 required hoquired
) Validated. No cal Validated No cal
COMOSAR Test Bench Version 3 NA required required
Network Analyzer R""""é‘;j‘““”‘” 100203 0612019 0512022
Network Analyzer— | Rohde & Schwarz
Calibration kit 2V-2235 101223 05/2018 0512022
Multimeter Keithiey 2000 1160271 02,2020 02/2023
Signal Generator | Ronde & Schwarz 106589 0412019 04/2022
Characterized prioe 1o |Characterized prior to
Aopiier Asthercomm SN 046 test. No cal raquired. |lest. No cal required
Power Meter NI-USB 5680 170100013 05/2019 06/2022
Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01306 test. No cal required. |lest. No cal required
Vahdated. No cal Validated. No cal
Waveguide Mega Industnes | 069Y7-158-13-712 required. required,
Validated, No cal Validated. No cal
Waveguide Transition | Mega Industries | 069Y7-158-13-701 required, bequired
Validated, No cal Validated. No cal
[Waveguide Termination| Mega Industries | 069Y7-158-13-701 required. required.
Temperature / HUmY| Conrol Company | 150708632 1112017 1112020
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Inccnsmren'

Calibration Date: 04/26/2019

Sunenary:

Thas document presents the method and results from on sceredited SAR reference dipele calibratiom
performed m MVG LUSA using the COMOSAR test bench. All cahbration results are traceable 1o
natiomal metrology mstihstions
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1328, FCC KDBs and
CEVIEC 62200 standards Tor reference dipoles used for SAR measurement svstem validations and
the measurements that were performed 1o verily that the product complies with the fore mentioned

stindards
2 DEVICE UNDER TEST
Device Under Test
Device Tvpe COMOSAR 835 MHz REFERENCE DIPOLE
Manubacturer MYVG
Maodel SID83S
Serial Number SN 29015 DIP 0GE35-383
Product Condition (new / used) Used

A vearly calibration interval i recommendead.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 - M1 COMOEAR Palidation Dipale
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4  MEASUREMENT METHOD

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

4-] ry T "u‘ -] g ¥ - '\' .

The dipole used for SAR svstem valdation measurements and checks must have a return loss of <20
dB or better. The retum loss measurement shall be performed agamst a hiqud filled Nat phantom,
with the phantom construcied as outlined in the fore mentioned standards,

4.2 MECHANICAL REQUIREMENTS

The IEEE Std 1528 and CEUIEC 62209 standards specifv the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phamtom 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

AN uncertaintios listed helow represent an expanded uncertainty expressed at approximately the 95%,
conlidence level using a coverage factor of k-2, traceable to the Internationally Accepted Guides o
Measurement Uncentainty,

5.1 RETURN LOSS

The following uncertmnties apply 1o the return loss measurament:

Frequency band Expanded Uncertainty on Retorn Loss
4006000 Hz 0.1 dB

52 DIMENSION MEASUREMENT

The following uncertmintics apply 1o the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3 - 300 0,08 mm

5.3

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

lg 20.3 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1  RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Ereememriy. Mz
Fat fay 2 MK L

a5 -

Frequency (MHz) Return Laoss (dB) Requirement (d H)

Impedance

=20)

] -24.51

56,3 L1 + (L ji2

RETURN LOSS AND IMPEDANCE IN BODY LIGOLTD

(.2

Fragmncy My
7 2l BED 183 EE

Freguency (Miz)

Return Loss (dB)

Reguirement (d i)

B Impedance

835 =2 7.6{} ~20) 52303690
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm . b mm d mim
required measured . d required I measured
30 420021 M. 50081 [ELEIR
age; 611
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450 20041 % 1667 £1% 53511 %

750 176048 W 1000 £1 % 63541 %

&35 161041 %. PAES BRE 1% PSS 361% PAZS
a0 49041 % 83341 % 361l %

1450 BO1tl% 5178l% 3611 %

1500 BOS$1 % 500 +1% 3621 %

1540 79.011 % 457 +1 % 3611%

1750 75241 % 42911% 1631 5%

1800 T1041% A TEN 1641 %

1900 GRO 1% 39511 % 3631 %

1950 R 3B +1 % 3641 %

00 64551 % 37581 % 1611 %

2100 61041 % 357 £1 % 361N

2300 55511 % 32611 % 36115%

M50 51541 % 304 +1 % 3621 %

2600 AR5 41 % BRI % 3611 %

3000 41541 % 1501 % 36415

3500 7.0:1% B4 % 1631 %

oo 34741 % 264 £1 % 36l %

T VALIDATION MEASUREMENT

The IEEE Std, 1528, FOC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole mecting the fore mentioned return loss
il mechameal dimension requirements. The validation measurement must be performed against 4
ligquid filled Mat phantom, with the phantom constrscted as outlined in the fore mentioned standards,
Per the standards, the dipole shall be positioned below the bottom of the phamtom, with the dipole
length centered and parallel o the longest dimension of the lal phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom,

7.0 HEAD LIOUTD MEASUREMENT

'“:“;"'“ Relathve permitthvity [z] Canducthity (o] Sfm
= g T =
300 453 15 5% DLBT 15
250 435 $5 % D87 £5 %
750 41915 % 089 15 %
LEL] A1 5 5% PASS 090 &5 W PAss
a00 AL5 5% 0,37 £5 4
2450 ARG 5% 12080 %
1500 AN 5% 125 %
1640 D2 5 % 1315%
1750 a0145% LAT 5%
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1800 a0 5% 140 +5%
1900 A0 5% 140 +5 %
1950 DO 1A0+5%
2000 A0 15 % 180 £5 %
1100 BALSH 149 15%
13041 W5 5% LET 5%
2450 WIS LEOE5%
il 350 5% 196 0%
000 WS LN 28015 %
500 ITIEEH 231 45%

7.2 SAR MEASUREMENT RESULT WTTH HEATD LIOUTD

The [EEE Std 1528 and CEVIEC 62200 stundards state that the svstem validation messurements
should produce the SAR values shown helow (for phamtom thickness of 2 mm), within the
uncertainty for the system validotion,  All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR s given with the wsed input power.

Sottware CHPENSAR V4
Phantam SN 2000 SAMT]
Probe SN 1811 FPa122
Ligund Head Liguid Yolues: eps’ 43,0 sigma - 085
Distance betwoen dipobe conter and higuid 15 mem
Area seun resolutsn dx=Bmm/ dy=fmm
Faon Sean Hesolution da=BrnmidyBmm/de=Smm
FFreguency B35 Mz
[ripnd power 20 dBim
Ligund Tempemiure 2] "
Lab Temperature 1N
Lab Humidity 45 %
!.'IIHa i 1 g SAR [W g/ W) 10 g SAR (W kg /W)
requibned measured requined maasured
30 1485 194
450 458 106
750 EAT 555
B35 856 085 {D.9E] 622 6.27 [D63)
00 109 L& ]
1450 pa 16
1500 0.5 158
1610 3.2 134
1750 EC 193
IBCO 384 a1
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1900 3.7 05
1350 405 .8
2000 ALl .1
1100 435 19
2300 4.7 33
2450 524 24
1600 55.3 M5
A000 B3.8 .7
1500 7.1 15
E il Br.A4 +4.2

= —————— 7

T
N : I" \\ I
— VIR
NEENENA S AN
o | lon | a T g
i
73 BODY LIOUTD MEASUREMENT
F"m’g""' Relathon permitthity [e7] Conducthity (o] Sfm
red ed quired ed
150 61945 % B0 5 %
300 58.2 £5% DA 5%
a0 5.7 £5% 0,34 £5 %
750 555 15 % D96 15 K
835 | ss2ss% |  Pass | noresk | pass
900 50 5% 1,05 ¥4 W
a5 55,0 45 % LOGEE 4
1450 4.0 £5 % 1300 %
1610 53845 % 14045 %
1800 51315 % L525%
1900 LER R —f LB 5%
2000 533 5% 1525 %
1100 53.2 454 16245 %
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2300 52815% 1.81+5%
2450 5175 % 195 5 %
2600 515 85% L1615%
3000 520 £5% 27315 %
35001 51.315% 3,31 £5%
IMN 510 £5% 35515 %
5200 230 +10% 530 110%
300 AR89 10 542 #10 %
5400 487 £10% 558 $10%
5500 486 +10% 5,65 +10%
5600 485 t10% 577 £10%
SHROO 48.2 210H B0 10N

74 SAR MEASURFMENT RESUTT WITTH BODY LIOUTD

Softwire CIPFENSAR V4
Phanbom SN 20008 BAMTI
Probe SN IR/ EPa12
Ligud Bosdy Laguid Vakoes: eps’ | 56 7 sigma : (.98
Instance between dipobe center and buid 15.0 mm
Ades scan resolution dey=Bem dy=Emm
Loan Sean Resolutwn dx=Hmm/dy=Smm'dz=5mm
Freguency Ba5 MEz
Lt power 20 dBm
Liguid Temperniure 21 °C
Lab Temperaiure 21 "C
|_Lab Humidity A5 Y
F
il 1 g SAR W/ kg/W] 10 g SAR (W kW)
maasured miasred
835 9585 (059} 6.500.65)
r
N
b
— 810 el - I - -
e 2 s
- - k
o | | ::r -"“-:
1 i MW ETTA T NE AR
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LIST OF EQUIPMENT

Equipment Summary Sheet

Bydpment || Manaoctaree ||y gy pq | Coerent | Next Olliration.

SAM Prantom MVG sn-200a-saM71 [FHCAEG Hocal e m"

|DDMDEAR TestBench|  Version 3 NA 'ﬂﬁ?ﬁgﬂ L :‘;Lﬁ‘;ﬂ No- calf
Network Analyzer | Rrode & Scfwarz | gyi0013 02009 0212022
Calipers Carrera CALIPER-01 012017 0142020
Reference Probe MVG EPG122 SN 1811 102018 /2018
Mutirraster Keithiey 2000 1188656 012017 0172020
Signal Gererator Agert E44360 MY 49070581 02T 0172020

Amplifier selhercamm SN 046 E;l‘amrﬁf“”‘?fdmg’u'ﬁ;ﬂ E}arﬁ;‘;ﬁgﬂa?
Power Meter HP E44184 LiSs3aza1488 M7 0172020
Power Seresor HP ECP-E264 US37 181460 012017 0172020

Dwrectional Coupler MNarda 4216-20 013es g:'ﬁf"m?dmguiﬁﬁ E:rﬁ::?feg;it?
L"ﬁ;‘g@:ﬁ Cantrol Compary 150798652 1102017 1112020
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SAR Reference Dipole Calibration Report

Rel: ACR.I16.6.19.3ATLLA

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHALI
STREET
BAO 'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NOu.: SN 46/11 DIP 1G2900-187

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

Cnllhrntmn Ddfﬁ! 0426/2019

Sunenary:

Thas document presents the method and results from on sceredited SAR reference dipele calibratiom
performed m MVG LUSA using the COMOSAR test bench. All cahbration results are traceable 1o
natiomal metrology mstihstions
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1 INTRODUCTION

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

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

standards
2 DEVICE UNDER TEST
Device Under Test
Device Tvpe COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SN 46/11 DIP 1G900-187
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31

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

Figure 1 - MG COMOSAR Validation Dipole
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4  MEASUREMENT METHOD

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

4-] ry T "u‘ -] g ¥ - '\' .

The dipole used for SAR svstem valdation measurements and checks must have a return loss of <20
dB or better. The retum loss measurement shall be performed agamst a hiqud filled Nat phantom,
with the phantom construcied as outlined in the fore mentioned standards,

4.2 MECHANICAL REQUIREMENTS

The IEEE Std 1528 and CEUIEC 62209 standards specifv the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phamtom shell thickness
dependent.  The COMOSAR test bench employvs 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

AN uncertaintios listed helow represent an expanded uncertainty expressed at approximately the 95%,
conlidence level using a coverage factor of k-2, traceable to the Intemationally Accepted Guides o
Measurement Uncentainty,

5.1 RETURN LOSS

The following uncertmnties apply 1o the return loss measurament:

Frequency band Expanded Uncertainty on Retorn Loss
4006000 Hz 0.1 dB

52 DIMENSION MEASUREMENT

The following uncertmintics apply 1o the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3 - 300 0,08 mm

5.3

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

lg 20.3 %
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10g 201 %

6 CALIBRATION MEASUREMENT RESULTS

6.1  RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Erempnicy. Wiz
1500 183 nijar [rea)

45 =
Frequency (MHz) Return Loss (dB) Reguirement (dB) Impedance
194063 2775 =20 S0.70+ 4.1 0
6.2 RETUBRN LOSS AND IMPEDANCE IN BODY LIOUID
gy W
1800 (F. v (-2 'Z_=.-.' | 5BC L i) Lr. .-d ST 15 0
Freguency (Miz) Requirement (d ) Impedance

Return Loss (dB)

194K -24.21 =20 46,4 £) - 4.8 jL2
6.3 MECHANICAL DIMENSIONS
Frequency MH: Lmm ' b mim d mm
required mieasared qui d required I measured
300 4001 W 250081 % B35 31
FPage: 611
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mveg SAR HEFERENCE DIFOLE CALIBRATION REPORT Rel ACRIIEG19SATU.A
450 100+ K 1667 £1 % 53541 %
750 176041 W 1000 +1 % 63541 %
&35 161041 % BRE+1 % 1611 %
a0 149041 % #3341 % 3611 %
1458 E131% EARESE 3 1611%
1500 BO.S31% 500 1% 3641 %
1640 79.0:1% 457 £1 % 1611%
1750 75231 % 42911 % 1611 %
1800 T1041% A TEN 1641 %
1900 GRO 1% PASS 39511 % PAS5 3631 % PASS
1058 G631 % ELE SRS 3641 %
2000 BA531% ITEH % 1641 %
100 61041 % I5TH % 361l %
300 55,511 % 32611 3611 5%
2450 51541 % 304 £1 % 3611 %
600 LIRFIE b EESE 1611 %
3000 41541 % 250 £1 % 3611 %
3500 70l % EAH % 1611 %
3700 34741 % 264 £1 % 161 %

T VALIDATION MEASUREMENT

The IEEE Std, 1528, FOC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
i mechameal dimension requirements. The validation measurement must be performed against 4
ligquid filled Mat phantom, with the phantom constrvcted as outlined in the fore mentioned standards,
Per the standards, the dipole shall be positioned below the bottom of the phamtom, with the dipole
length centered and parallel o the longest dimension of the lal phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom,

7.0 HEAD LIOUTD MEASUREMENT

'“:“;"'“ Relathve permitthvity [z] Canducthity (o] Sfm
= g T =
300 453 15 5% DLBT 15
250 435 $5 % D87 £5 %
750 41915 % 089 15 %
35 a1545% S0 +5 %
a00 AL5 5% 0,37 £5 4
2450 ARG 5% 12080 %
1500 AN 5% 125 %
1640 D2 5 % 1315%
1750 a0145% LAT 5%
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mveg SAR HEFERENCE DIFOLE CALIBRATION REPORT Rel ACRIIEG19SATU.A
1800 a0 5% 140 +5%
1900 A0 5% PASS 14015 % PASS
1950 DO 1A0+5%
2000 A0 15 % 180 £5 %
1100 BALSH 149 15%
13041 W5 5% LET 5%
2450 WIS LEOE5%
il 350 5% 196 0%
000 WS LN 28015 %
500 ITIEEH 231 45%

7.2 SAR MEASUREMENT RESULT WTTH HEATD LIOUTD

The [EEE Std 1528 and CEVIEC 62200 stundards state that the svstem validation messurements
should produce the SAR values shown helow (for phamtom thickness of 2 mm), within the
uncertainty for the system validotion,  All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR s given with the wsed input power.

Software CHPENSAR V4
Phiirbisi SN 2000 SAMTI
Probe SN IR0 EPOI22
L igud Head Liguid Yolues eps” 397 sagma - 1.3%
Distance betwoen dipobe conter and higuid 10160 men
Area seun resolutsn dx=Bmm/ dy=fmm
Faon Scan Hesolution da=BrnmidyBmm/de=Smm
FFreguency 1900 MH2
Lrupast povver 20 dBim
Ligund Tempemiure 2] "
Lab Temperature 1N
Lab Humidity 45 %%
i 1 SAR (W/he/ W) 10 SAR W/ kg /W)
regquined measured requised marsured
30 1485 194
450 #4.58 306
750 BAS 555
835 556 622
00 108 6339
1450 Pl 16
1500 0.5 158
1640 3.2 134
1750 1.4 153
1RDO in4 .1
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SAR HEFERENCE DIFOLE CALIBRATION REPORT Rell ACRIEE6:19.5ATUL.A
1900 3.7 4025 (4.02} 05 2050 (2.05)
1350 405 .8
2000 ALl .1
1100 435 19
2300 4.7 33
2450 524 24
1600 55.3 M5
A000 B3.8 .7
1500 7.1 15
E il Br.A4 +4.2

= —————— 7

73 BODRY LIOUID MEASUREMENT

F"m’g""' Relathon permitthity [e7] Conducthity (o] Sfm
red e quired ed
150 61915% 080 £5 %
300 58.2 £5% DA 5%
as0 56.7 +5 % 0,34 £5 %
750 55.5 £5 % D96 15 K
@38 | ssasw | Tog7sN |
900 50 5% 1,05 ¥4 W
a15 55.0 45 % 1065 %
1450 4.0 £5 % 1300 %
1610 53845 1,80 +5 %
1800 533 45% 152 45%
1900 LER R —f Pass LB 5% PALE
2000 533 5% 1525 %
1100 53.2 45 16245 %
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SAR REFERENCE DIFOLE CALIBRATION REPORT Rell ACRLIES6.195ATRLA
2300 52985% 1BI+5%
2450 ST 5% 1L95+5%
2600 BRSHSNY 116+5%
300 S2L0t5% FAER <
3500 51315% 331 15%
E S5LOt5% 35515
5200 a0 110% 530 110%
5300 AR.9 £10% 542 $10%
L ki 88.7 10 % 553 #1105
S5O0 A1.6 £10H 5,65 £10H
5600 af5 t10% 577 e0%
SRR 482 $10% B 10N
74 SAR MEASUREMENT RESULT WITH BODY LIOUTD
Softwire CIPFENSAR V4
Phanbom SN 20008 BAMTI
Probe SN IR/ EPa12
Ligud Bosdy Laguid Vakoes: eps’ | 51 8 sigma : 159
Instance between dipobe center and buid 10,8 mm
Ades scan resolution dy=Bem dy=Emm
Loan Sean Resolutwn dx=Hmm/dy=Smm'dz=5mm
Freguency 1900 Mk 2
Lt power 20 dBm
Liguid Temperniure 21 °C
Lab Temperaiure 21 "C
|_Lab Humidity A5 Y
Freguency
MMz 1 g SAR [W/kg/W) 10 g SAR (W/kg/W)
maasured miasred
1904 40.82 [4,08) 20059 (2,10
[T
.
I
am
5 & ‘u
f— : % 9
- = ¥
Iim
—
| | a5 Tt
APl 8D ERRNE AR
bl
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LIST OF EQUIPMENT

Equipment Summary Sheet

Bydpment || Manactaree ||y gy pq | Ooerent | Next Olliration.

SAM Prantom MVG sn-20pa-samM71 [FHCAEG Hocal m"

|DDMDEAR TestBench|  Version 3 NA 'ﬂﬁ?ﬁgﬂ L :ﬁﬁtﬁﬂ No- calf
Network Analyzer | Rrode & Scfwarz | gyi0013 02009 0212022
Calipers Carrera CALIPER-01 012017 0142020
Reference Probe MVG EPG122 SN 1811 102018 /2018
Mutirraster Keithiey 2000 1188656 012017 0172020
Signal Gererator Agert E44360 MY 49070581 02T 0172020

Amplifier selhercamm SN 046 E;l‘amrﬁf“”‘?fdmg’u'ﬁ;ﬂ E}arﬁ;‘;ﬁgﬂa?
Power Meter HP E44184 LiSs3aza1488 M7 0172020
Power Seresor HP ECP-E264 US37181460 012017 0172020

Dwrectional Coupler MNarda 4216-20 013es g:'ﬁf"m?dmguiﬁﬁ E:rﬁ::?feg;it?
L"ﬁ;‘g@:ﬁ Cantrol Compary 150798652 1102017 1112020
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SAR Reference Dipole Calibration Report

Ref: ACR.1169.19.53ATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHALI
STREET
BAO 'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 46/11 DIP 2G450-189

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

Cnllhrntmn Ddfﬁ! 0426/2019

Sunenary:

Thas document presents the method and results from on sceredited SAR reference dipele calibratiom
performed m MVG LUSA using the COMOSAR test bench. All cahbration results are traceable 1o
natiomal metrology mstihstions
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Prepared hy : Jerdme LUC Product Manager 4262019 ?-g:r
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mvg SAR REFERENCE DIPOLE CALIBRATION REPORT Ref! ACR 116919 5ATU.A

1 INTRODUCTION

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

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

standards
2 DEVICE UNDER TEST
Device Under Test
Device Tvpe COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Serial Number SN 4611 DIP 2G450-189
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31

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

Figure 1 - MG COMOSAR Validation Dipole
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4  MEASUREMENT METHOD

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

4-] ry T "u‘ -] g ¥ - '\' .

The dipole used for SAR svstem valdation measurements and checks must have a return loss of <20
dB or better. The retum loss measurement shall be performed agamst a hiqud filled Nat phantom,
with the phantom construcied as outlined in the fore mentioned standards,

4.2 MECHANICAL REQUIREMENTS

The IEEE Std 1528 and CEUIEC 62209 standards specifv the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phamtom shell thickness
dependent.  The COMOSAR test bench employvs 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

AN uncertaintios listed helow represent an expanded uncertainty expressed at approximately the 95%,
conlidence level using a coverage factor of k-2, traceable to the Intemationally Accepted Guides o
Measurement Uncentainty,

5.1 RETURN LOSS

The following uncertmnties apply 1o the return loss measurament:

Frequency band Expanded Uncertainty on Retorn Loss
4006000 Hz 0.1 dB

52 DIMENSION MEASUREMENT

The following uncertmintics apply 1o the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3 - 300 0,08 mm

5.3

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

lg 20.3 %
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201 %

6 CALIBRATION MEASUREMENT RESULTS

6.1  RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Froauency

Wiz
2 T T 5

45 =
Frequency (MHz) Return Loss (dB) Reguirement (dB) Impedance
2450 -29.54 -20 498+ 3350
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIGLID
Swpery W
i 150 8 a 244 2 .J-_Z © .-1_! i 2500 L
Freguency (Miz) Return Loss (dB) Requirement (d ) Impedance

2450 =26, 20 =20 5340380
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm . b mim d frein
required measured qui d required miedsred
300 AI00 41 H. 250081 5 B35 1%

Tk din yiiieiaal sl
Thaer ryfrrviusticns ¢
it hedeasil dh wdicade o

IPYIr
only to the

presented in the re

Further enquiry of valid

Attestation of Global Compliance{Shenzhen)Co., Ltd
Attestation of Global Compliance(Shenzhen)Std & Tech Co., Ltd
Tel: +86-755 2523 4088 E-mail: agc@agc-cert.com  Web: http://cn.agc-cert.com/




AGC

mveg SAR HEFERENCE DIFOLE CALIBRATION REPORT Rel ACRIIED1YSATU.A
450 /001 K. 1667 £1 % 53541 %
750 176041 H 10001 % 63541 %
&35 161041 %, BREE % 1611 %
a0 1450 +1 % #3341 % 36l %
1458 BOlxl% 517s% 1611%
1500 BOS31% 50051 % 3621 %
1640 79.021% A5 T 1% 1611%
1750 75221 % 298 % 1621 %
1800 T1041% A TEN 1641 %
1900 ERD2L% 30541 % 1621%
1958 BBl N5 1% 3641 %
00 BASsi% 75 % 1641 %
noo 61.0%1% 5T % 641 %
2300 55.5:1% 12611 % 1611 5%
250 51541 % PRSS 300 £1 % PASS 3641 %W PASS
1600 LTEFIE F1EESE 1611 %
W00 A1.541% 2501 % 3641 W
3500 70l % EAH % 161 %
3700 3741 % 26.4 £1 % 161 %

T VALIDATION MEASUREMENT

The IEEE Std, 1528, FOC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
i mechameal dimension requirements. The validation measurement must be performed against 4
ligquid filled Mat phantom, with the phantom constrvcted as outlined in the fore mentioned standards,
Per the standards, the dipole shall be positioned below the bottom of the phamtom, with the dipole
length centered and parallel o the longest dimension of the lal phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom,

7.0 HEAD LIOUTD MEASUREMENT

'“:“;"'“ Relathve permitthvity [z] Canducthity (o] Sfm
= g T =
300 453 15 5% DLBT 15
250 435 $5 % D87 £5 %
750 41915 % 089 15 %
35 a1545% S0 +5 %
a00 AL5 5% 0,37 £5 4
2450 ARG 5% 12080 %
1500 AN 5% 125 %
1640 D2 5 % 1315%
1750 a0145% LAT 5%

Fage! 711
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Ther inforvation contabed herein i3 1o b mend ondy v thet s o i i L sdborivd cmd v i
e redieasad i wiiodie o prr i st wriier dpgeeral of ARV

T
omplian

Any report having not been signed by authorized approver, or having been altered without authorization, or having not been stamped by t ".{Bédicated befing/Inspection
Stamp” is deemed to be invalid. Copying or excerpting portion of, or altering the content of the report is not permitted without the writte é,;?nonzation of AGE.\Lhe test results

presented in the report apply only to the tested sample. Any objections to repart issued by AGC should be submitted to AGC within 15d3
Further enquiry of validity or verification of the test report should be addressed to AGC by agc@agc—cert.com.

Eaﬁe‘cg@e %\T e test report.
c L g,.':

\S b
S

Attestation of Global Compliance{Shenzhen)Co., Ltd
Attestation of Global Compliance(Shenzhen)Std & Tech Co., Ltd
Tel: +86-755 2523 4088 E-mail: agc@agc-cert.com  Web: http://cn.agc-cert.com/



AGC

mveg SAR HEFERENCE DIFOLE CALIBRATION REPORT Rel ACRIIED1YSATU.A
1800 a0 5% 140 +5%
1900 A0 5% 140 +5 %
1950 DO 1A0+5%
2000 A0 15 % 180 £5 %
1100 BALSH 149 15%
13041 W5 5% LET 5%
2450 WIS PASS LEOE5% PSS
il 350 5% 196 0%
000 WS LN 28015 %
500 ITIEEH 231 45%

7.2 SAR MEASUREMENT RESULT WTTH HEATD LIOUTD

The [EEE Std 1528 and CEVIEC 62200 stundards state that the svstem validation messurements
should produce the SAR values shown helow (for phamtom thickness of 2 mm), within the
uncertainty for the system validotion,  All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR s given with the wsed input power.

Software CHPENSAR V4
Phantam SN 2000 SAMT]
Probe SN IR0 EPOI22
L igud Hend Liguid Yolues eps’ 38 7 sagma - 1 800
Distance betwoen dipobe conter and higuid 10160 men
Area seun resolutsn dx=Bmm/ dy=fmm
Faon Scan Hesolution dx=Smmidy< Smm/de=Smm
FFreguency 2450 MH2
Lrupast povver 20 dBim
Ligund Tempemiure 2] "
Lab Temperature 1N
Lab Humidity 45 %%
i 1 SAR (W/he/ W) 10 SAR W/ kg /W)
regquined measured requised marsured
30 1485 194
450 #4.58 306
750 BAS 555
835 556 622
00 108 6339
1450 Pl 16
1500 0.5 158
1640 3.2 134
1750 1.4 153
1RDO in4 .1
Fage: 811
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SAR HEFERENCE DIFOLE CALIBRATION REPORT Rel! ACRILES195ATU.A
1900 3.7 05
1350 405 .8
2000 ALl .1
1100 435 19
2300 4.7 33
2450 524 53.97 {5.40§ 24 2401 (240
1600 55.3 M5
A000 B3.8 .7
1500 7.1 15
E il Br.A4 +4.2

= —————— 7

i T i
| =
“w §um Ty
|
o | lon | - v gy
73 BODY LIOUTD MEASUREMENT
F"m’g""' Relathon permitthity [e7] Conducthity (o] Sfm
red ed quired ed
150 61945 % B0 5 %
300 58.2 £5% DA 5%
a0 5.7 £5% 0,34 £5 %
750 555 15 % D96 15 K
@38 | ssasw | Tog7sN |
900 50 5% 1,05 ¥4 W
a5 55,0 45 % LOGEE 4
1450 4.0 £5 % 1300 %
1610 53845 % 14045 %
1800 51315 % L525%
1900 LER R —f LB 5%
2000 533 5% 1525 %
1100 53.2 454 16245 %

Fage:! 211
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SAR HEFERENCE DIFOLE CALIBRATION REPORT Rel! ACRILES195ATU.A
2300 52815% 1.81+5%
2450 5175 % PASS 195 5 % PASS
2600 515 85% L1615%
3000 520 £5% 27315 %
35001 51.315% 3,31 £5%
IMN 510 £5% 35515 %
5200 230 +10% 530 110%
300 AR89 10 542 #10 %
5400 487 £10% 558 $10%
5500 486 +10% 5,65 +10%
5600 485 t10% 577 £10%
SHROO 48.2 210H B0 10N

74 SAR MEASURFMENT RESUTT WITTH BODY LIOUTD

Softwire CIPFENSAR V4
| Phantom SN 2008 BAMT]
Probe SN IR/ EPa12
Ligud Bosly Laguid Vakoes: eps” | 54.9 sigma : 1.97
Instance between dipobe center and buid 10,6 mm
Ades scan resolution dy=Benm dy=Emm
Loan Sean Resolutwn dx=Smm/dy=Smm/'dz=5mm
Freguency 2450 Mkl
Lt power 20 dBm
Liguid Temperniure 21 °C
Lab Temperaiure 21 "C
|_Lab Humidity A5 Y
e 1 SAR (W/ kg /W) 10 g SAR W/ kg/W)
maasured miasred
250 54,45 (5.45) 24,18 |2.42)

mx

A g

| | i
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LIST OF EQUIPMENT

Equipment Summary Sheet

Bydpment || Manactaree ||y gy pq | Ooerent | Next Olliration.

SAM Prantom MVG sn-20pa-samM71 [FHCAEG Hocal m"

|DDMDEAR TestBench|  Version 3 NA 'ﬂﬁ?ﬁgﬂ L :ﬁﬁtﬁﬂ No- calf
Network Analyzer | Rrode & Scfwarz | gyi0013 02009 0212022
Calipers Carrera CALIPER-01 012017 0142020
Reference Probe MVG EPG122 SN 1811 102018 /2018
Mutirraster Keithiey 2000 1188656 012017 0172020
Signal Gererator Agert E44360 MY 49070581 02T 0172020

Amplifier selhercamm SN 046 E;l‘amrﬁf“”‘?fdmg’u'ﬁ;ﬂ E}arﬁ;‘;ﬁgﬂa?
Power Meter HP E44184 LiSs3aza1488 M7 0172020
Power Seresor HP ECP-E264 US37181460 012017 0172020

Dwrectional Coupler MNarda 4216-20 013es g:'ﬁf"m?dmguiﬁﬁ E:rﬁ::?feg;it?
L"ﬁ;‘g@:ﬁ Cantrol Compary 150798652 1102017 1112020
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