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SAR REFERENCE DIPOLE CALIBRATION REPORT el ACE. TR 320 MY A

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 measorements that were performed to venfy that the product complies with the fore mentioned
standards.

2z DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 835 MHz REFERENCE DIPOLE
Manufamy_l:_er MVG
Model SIDE3S
Senal Number SN 14/13 DIPOGR3S-235
Product Condition (new / used) Uszed

3 PRODUCT DESCRIPTION

il GEMERAL INFORMATION

MVG's COMOSAR Validation Dipoles are buill in accordanee to the IEEE 1528, FCC KDBs and
CEVIEC 62208 standards. The product 18 designed for use with the COMOSAR test bench only.

&

Figure 1 — MVG COMOSAR Falidation Dipole
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SAR REFERENCE MPOLE CALIBRATION REPORT Refl ACRITEII0MVGE A

4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 62209 standands provide requirements for reference
dipoles used for system validation measurements. The following messurements were performed 1o
verify that the product complies with the fore mentioned standards.

41 RETLURN L QUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of =20
dB or better. The retum loss measurermnent shall be performed agminst a hquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direet method is used
with a network analyser and its calibration kit, both with & valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEEE 5td. 1528 and CEIEC 62200 standards specify the mechanical components 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 torth for a 2
mm phantom shell thickness. A direet 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, traceahle to the Intemationally Accepted Guides to
Measurement Lincertainty.

5.1 RETURN LOSS
The following uncertaintics apply o the retumn loss measurement;
Frequency band Expanded Uneertainty on Return Loss

400-6000MHz 008 LIN

52 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurements:

Length {mm) Expanded Uncertainty on Length
0= 300 0.20 mm
33 = 450 |: 0,44 1o

53 VALIDATION MEASUREMENT
The gpuidelines outhned in the [EEE 1528, FCC KDBs, CENELEC EN5036]1 and CEIIEC 62208

standards were followed to penemate the mensurement uncertainty for validation measurcments.
Sean Volume Expanded Uncertainty
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19 % (SAR)

19 04 (SAR)

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURNLOSS AND IMPEDANCE IN HEAD LICLID

-

Fempeney M=d

MO0 ME X M0 0

B0 W0 B0 4e

Frequency (MHz)
833

l.

Return Loss (dB) | Requirement (dB) | Impedance

_ | 5480-25jQ

6.2 RETUERN LOSS AND IMPERANCE IN BODY LIOUID

511, dB
=

= i

1

4l =

Frequancy MHz

il by Lk L #41] 240 k50 BES S B 835

Frequency (MHz)

Return Loss (dB) Requirement (dB) | Impedance |

K35

-35.02

20 | SL50-1.0j0

6.3 MECHANICAL DIMENSIONS

Freguensy WH?
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360 420041 H. 2500 £1 % CEERSE S
450 J900 41 %, 1668.7 £1 % 63541 M
750 0K | 00 % | essaw
B35 ] ]EE &1 ., q39.B &1 M, J61l% [
00 1as0E] %, LEE SR 3641 %
1450 B3I 41H S1.T 4% 3,641
1500 BOLS +1 %. S0 £1 W 161K
1640 79.0 21 %. 457 #1 % ELETE
1750 75221 %. 4291 % 1611 %.
1800 72011 %, 417 41% 36214,
1900 8.0 £1%, 395 £1 %, 36215,
1550 8631 %. 3B5 L% 3621 %
2000 64541 % 375 L% 3611 %
210 B1.0 41 % 357 41 %, JEHN
2300 55.5 £1%. 32541 % 361K
2450 53.5 21 %. 30411 % 3641 %,
260 8.5 £ . B £ 1511 W,
A0 415 +1%, 25011 M 3541 H,
3580 17041 2.4 41%. 36218,
3700 EERICES 26.4 41 % 1681 %
7 VALIDATION MEASUREMENT

The IEEE 5td. 1528, FCC KDBs and CEIFIEC 62209 standards state that the swstem validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liguid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipale
length centered and parallel to the lonpest dimension of the [lal phantom, with the top surface of the
dipole at the deseribed distance from the bottom surface of the phantom,
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h:;":;’“ Relative permittivity (&) conductivity o) 5/m
required measured reguired measured
oo 5.3 210 % CLBT £10 %
450 435 810 % CET 10 %
150 41.9 £10% CBS +10 %
a5 415 #10 % (i K] .90 310 % [N
S0 41,5 $10% | 0.97 210 %
1450 40.5 +10 % 120210 %
Lang 40,4 110 % 1.23 210 %
1640 40,2 £30 % 131 210 %
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SAR REFERFENCE DIPOLE CALIBRATION REPORT Refl ACR. | TR.1 3,29 MVGEA

1750 40,1410 % 137 £10%
1800 400 10 % LAD10%
1900 0.0 10 % 1.40 +10%
1550 400 £10 % | L40:10%
2000 400 £10% | Lapx10%
2100 WALIDE | 1.49 +10 %
1300 |50 % 167 £10%
a5 39.2+10 % 1LE0 £10%
Hold 0 +10 % 156 #10%
1000 IB5210% 140 £10%
3500 IF5210% 241 H10 %

72 SARMEASUREMENT RESULT WITH HEAD LIOUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the svstem validation meéasuremeénts
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 iz given with the used input power.

Software OFERSAR VS
Fhantom SH 1300 EAR6E
Froba SH 4118 EROOI3Y
Liguid Head Liguid Values: eps’ - 406 sigma @ (.89
Distance hetween dipale centar and liquid 150 mms
Area soan resaluiion du=Emm/dv=Amm
Loom Scan Resohrhion dx= S/ dy=Hnum/dz=51nm
Frequency 235 MH:
rq:ul:]'_u:lw:' 200 dHm
Ligusd Temperanire 20+/- 170
Lab Temperatare 20+ 1850
Lab Homidity 10- 70 %
F
oo 1.5 SAR [W kg /W) 10 g SAR (W/kg/W]
regquired measmed required messured
i L A _ ok |
450 458 506
750 B.A5 5.55
B35 055 984 (D98} 622 £.19 [0U52)
00 129 .o |
1450 Pt} B |
1500 0.5 16,8
1540 4.2 184
1750 364 153
13 334 20,3
1900 34.7 T
1550 4405 04
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Ref ACRLETE IR0 MYOBA

2000 41.1 £1.1
T00 435 219
4300 . A48T 23.3
I 2450 524 4
200 553 246
| 3000 638 257
3500 6rd 25
00 &F4 242
.= & T '_:‘"L
- e
| i
N L - —
: { I% i2 LY
' - £, %
| 3 -
A 2 — ]
o VRS R e
T
7.3 BODY LIQUID MEASUREMENT
i Relative permittivity (5] Condustivity (o) 5/m
required measured reguired reasured
150 ELo210% 081 210%
300 SE.2xM0 % DoOF+10% |
450 SETe0% | 0.94210%
7o 355110 % 096 10 %
&35 55,2 +10 % 523 0.97 310 % 0.8
500 550 +10 % 1.05 250 %
| 515 L0105 106 210 %
1450 S54.0210% 1.20 #10%
1610 S3BE10% 140 £10 %
1800 53.3 +10% 1.6 410N
1500 533 +10% L53 +10 %
200 333110 % 152110 %
2168 CERE S (n] 8 162 =50 %
2500 528400 % 181 £10 %
2450 L2710 1552104
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2600 55310 % 216 210 %
3000 20210k 2,73 120'%
2540 L1 3230 33T 410%
B E 51010 % 355 110%
5200 490 £10°% S3F2l0%
530 484410 .47 a10%
5400 dE, T 210 % 553 210%
as0a 486 110 % 565 £10 %
5600 dE.5 200 % 5.7 #10 %
5500 482 210 % 600 110 Fa

74 SARMEASUREMENT RESULT WITH BODY LIQUID

Sufiwire OPEMSAR WS
Phantom SN 1309 SAMOK
Prohe SH 41718 EPGOA3S
Liguid Body Liguid Yalwes: eps’ ) 52.3 sigma : (.94
Diistance between dipole cemerand liquad 150 mm
Auea scan resoludon dx=Smm/dy="#mm
Foom Seun Resolution =8 mumy'dv=8mamyde= Spmmy
Freguency 835 MHz
Inpt power 2i dBm
Liquisi Temperaiare 20+~ 1°C
Lab Temperaiurs 20+ 1°C
Lab Humidity 30-70 %a
i
i 1§ 58 (W/kg/w) 10 g SAR [W/kg/W)
Fraasired measured
L 1008 (5000 6,543 [0LES)
- |i.:l T T P ———
i =]
% at \,“
| =k |
i o b
B B ;
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Page 11T
ot ACKBEPIAL NI V8 INNUE_SAR Refererce Hipile vl

Tl il cdeemetrrd sha it o Be reparidassrdd, eardpd i 5o i oy, sl e writves apseeal of WETE. The iefrmalive rastatrd bevrin 15 & b wnd
darl y o e ranse’ foae wiich in ir ralveatien! e o by miearnd e ol or s withend wriem appvan ! of WHE



mvs SAR REFERENCE DIFOLE CALIBRATION REPORT ReEAGIT LR vRA

& LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment | Manufacturer/ |/, . Current | Next Calibration
Validated. Mo cal alidated. Mo  cal
SAMN Phaniom MYVE Sh-13/09-SAaMER bRy equired
. Jalidated. Mocal  Walidaed  No cal
COMOSAR Test Bench Version 3 NA et Leouired
Metwork Analyzer Rﬂhd“ﬂﬂm | 100203 (520140 05/2022
Metwork Analyzer — | Rohde & Schwarz
itdihdaror sy 101223 05/2019 052022
Calipers Milisfono SM 0009732 12010 12022
Reference Frobe MVG EPGO333 SN 41/18 052020 052021
MuHirmeter Kaithley 2000 1160271 0273020 0212023
Signal Generator | Rlonde B Senwarz 106569 04/2018 0412022
e g Characterized prior o Characterized priar fo
Ampiiier Aelhercomm SN D4k fest. Mo cal required. (test. Mo cal required
Power Meler Mi-LISE 5580 170100013 052019 Q52022
T Characterized prior to |Charactenzed prior to
Directional Coupler Marda 4216-20 01386 iesl. No cal required. jlast. No cal regquined,
Tﬂ“mrﬂr‘r‘;‘ir"‘”mid“ Contral Company 150708832 1112017 11/2020
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Stimmary:

This documenl presents the methos) mnd msels from an aceredited 3AR reference dipole colibration
perfomned in MYG wsing the COMOSAR wst bench.  All caliwation resulis are waceable to
neticnal metrelogy instiutions,
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SAR REFERENCE DIPOLE CALIBRATION REPORT Rof: ACR.1TE 1 20.MVGBLA

1 INTRODUCTION

This document contains a sumimary of the reguirements sel forth by the IEEE 1528, FCC KDBs and
CEVIEC 6220% 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
standerds.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufactures MYVG
Model = SID1500 o
Seral Numher SN 13 DIPTCGOO0-236
Product Condibion (new [ used) DUsed

3 FPRODUCT DESCRIFTION

31 GENERAL INFORMATION

MVG s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FOC KDBs and
CEIIEC 6220% standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MVG COMOSAR Validation Dipole

Page: 4711

Feangrbie AC MDY, FI.WPGRISSEE AR Nederme Dipale of)
Thiw dvrasspai shali wod e repsdbured. peveq f 80 o i pov, wildimed e wridtes s’ of WRG The infermanion comfedesd dermia o e e soed
anily, for the purpdsy for which it b sufmiicd owsl bz poi m be redeosed v wilede oo part o n! welifem approval of WY



SAR REFERENCE BIPOLE CALIBRATION REPOKT Ref ACR 178 1630 MYGER 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
venfy that the product complies with the fore mentioned standards,

41 RETURN 3 RE MEN

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The retum loss measurement shall be performed against a hqud hilled flat phantom,
with the phantom constructed as cutlined in the fore mentioned standards. A direct method i3 used
with a network analyser and its calibration kit, both with a valid IS0O17025 calibration.

4.2 MECHANICAL REQUIREMENTS

The IEEE 5td. 1528 and CEIIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, wilh 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 requircments sct forth for a 2
mim phantom shell thickness, A direct method 15 used with a ISD17025 calibrated caliper.

3 MEASUREMENT UNCERTAINTY

All uncertaintics listed below represent an expanded uncertainty expressed at approximatcly the 95%
confidence level using & coverage factor of k=2, traceable tw the Intemationally Accepted Guides to
Measurement Lincertainty,

5.1 RETLRN LOSS
The following uncertainties apply to the returm loss measurement;

Frequency band Expanded Uncertainty on Return Loss
A0-0000M Hez 0.0 LIN

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Eength (mm) Expanded Uncertainty on Length
0= 300 0.20 mm
300y = 450 0.44 mm

3.3 VALIDATION MEASUREMENT

The guidelines cutlined in the [EEE 1528, FCC KDBs, CENELEC EN50361 and CEIIEC 62204
stundards were followed to generate the measurement uncortninty for validation measurcments.
Scan Volume | Expanded Uncertainty

=
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| g 19 % (SAR)

l0g

132 (RAR)

L

6 CALIBRATION MEASUREMENT RESULTS

] RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Feiuens; M-
|- il i ] 184 1850 1850 1504 153G I'E-.I-i.'l 15&] 155 2000

]
. .I-
Frequency (MHz)
1900

| Return Loss (dB) Requirement (dB) _I  Impedance
2037 | 20 5290+9.1j0

6.2 RETURN LOSS AND IMPEDANCE [N BODY LIOUID

Freguercy, Widz

HD0 1AM 18 MBS0 KEBQ  1E30 M 1MD 1860 1380 2000

>11.d8

| Return Loss (dB) Requirement (dB) Impedance
20,37 20 493 02 + 0.5 jC)

Frequency (MHz)
1500

6.3 MECHANICAL DIMENSIONS

Frequeney MH? L I mim | dmim

required measurad required

maasured

required measured
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300 43000 £1 M. 250.0 k1 %, 53521 %
450 0+ K, 16E.T £1 %. 63521 %.
=0 Ifa 0+l X, 1000 1 %. 63521 %.
B35 1E10 21 M. BEE £ % 3681 %,
00 1490 1 H, .533 ‘.I'J;l'i 1641 %
1450 Bl 1 % - 174 % 1541 %
1500 LTS 50011 %, ER-ES B
1840 740 £1 5. o 45.7 11 % EXEY R
1750 T51 #1 5% #2941 %, LB
16060 12011 He 41.7 11 H, A6 £1 M
150 BA.0+1H. = 3605 21 %, R LR L A z
1950 B6.3 11 %, 3RS 1% 3641 %,
200 b5 23 H. ITEa R b il K
2100 61011 %, 357 #1 % 3621%.
_Elﬂ'_ﬂ o 55521 %%, 36 £1 % 1681 %
2950 1531 %, A0 21 K 6 el M
2500 Lzl 8Bl % 1641 %
3200 1.5 %] %, 250041 %, CRE 58-S
3500 37041 K. 26.4 41 %, CAE & 8
E ] 4T H 26411 % 36+ %

7T VALIDATION MEASUREMENT

The IEEE Sid. 1528, FCC KDBs and CELIEC 62209 standards state that the system wvalidation
measurements must be performed using a reference dipole meeting the fore mentioned retum 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 o the lonpest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the botiom surface of the phantom,

7.1  HEAD LIQUID MEASUREMENT

o Relative permitivity ('] Conductivity (o] S/m
required reasuired revquired rmpatured
30 | 453 £10% 0.87210% |
450 4315410 % .87 210 %
TEQ 41,8410 % 0,85 210%
435 415201 % 0,90 £10%
a0 415210 % A7 +10 %
1450 40,5210 % 1A +10%
1500 404 £10 % L8 10%
1640 402 £10% {38 +10 %
Frage: T}

Pemipliade AL ML N WG IAYEE SR Referrnce [Rpele ol
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Hel ACHITE 16,590 MYGHA

1750 A0 £ 10 187 210%
.LE-II;] quﬁ % 1.40210%
1900 40,0 430 % 433 1.40 10 % 141
14950 a0 280 % 1,40 1105
2000 400 250 % LAa0 il
2100 IR =10% T80 i 5
2300 IS zI0H LoF110%
2450 Il LED+10%
2600 390210 % 1.56410%
30T 385 110 L0 210 %
3500 arE 10 % L5 1l %

T

; | T RE T WITH HEAD LIQUID

The IEEE 5td. 1528 and CEIVIEC 62209 standards state that the system validation measurcmaonts
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 iz given with the used input power,

| Software OPENSAR V3
| Phasiom SR 1305 SAMAR
| Probs LN AL/18 EPGOAAY
Ligurd Head Liquid Values: eps’ 1 43,3 sigma ¢ 141
Distance barween dipole center and liguad 10,0 mum |
Ares scan resalution dx=Ermmdv=Srmm
Zoon Sean Resolution da=ErmmSdye B dz - Smm
Freguency 1900 MHz
Impani poweer 2 dBm
Liguid Temperatire 2 +-1°C
Lab Temperature 0+ 1°C
Lab Humidity 0T
E
o 1. 5AR (W/kg/w) 10 ¢ S8R [W/kgiW)
reguilned measured required meeasured
: iﬂﬂ 285 1.94
450 458 306
et ] 8449 555
B35 055 6.22
and 109 .29
1450 9 16
1504 ns 163
1644 4.2 | 154
1750 36.4 | 123
1B 38,4 0.1
1500 39.7 40,53 {406} LS | Z0.E3 [2.08}
1950 40,5 w9 |
Paga; 8441

T palani i

NGB AL VA SN NN Refereme: |'!j_|.|.|'. wla

Thir aeiumérd tlall nap de srprralioncedd, cxeet i W ame e pod, st e wraiten appepon VG TBe snfnrmasion cosfooned Beeeim iv i e e
el for e prerpeatt for whrch B i ealveatTeel cwd 48 oo fo e nlearied i wiole O pard wlieost writien apprened of MEL.
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2000 41.1 1.1
1300 438 219
[ a0 aR7 733 o
2450 524 24
ZEQD 55.3 2B
_-5.13-'.“ B318 257
i 1500 ar.1 25
3700 a6r4 4.2
[ = I? q_

I
' = e,
g : a s
| ¥ R
- - Em-& (R - uTj—z‘:—;— xaAE
L ]
7.3 BODY LIQUID MEASUREMENT
H"TH:‘“ Aelative permittivity (&) Conductivity (o) &/m
regaired measured required messured
150 HLII0 W Q.80 210 %
300 2410 % 0.92210% ]
450 BEETXI0 % 054 210 %
750 55.5410% 0,96 £10 %
335 557 410% 0.7 £10%
B0 LR L iR LD 210%
915 S5.0510% LS £10 %
1450 S0.0£10% | 130410%
T S38+10% | 14D +10%
1800 51.3+10% 157 410-%
1900 53.3+10% 550 | LS2410% 157
2000 53.3+10% 152 10 %
100 512410 % 162 210 &
2300 52.9+10% 131210 %
2450 52.7 10 % 185 £10%

Pape: 11
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2600 525210 % 216110 %
3000 S20:0% | | zmaox |
2503 Sl3+I0H 331 10 %
g | 51010 % 3.55=z10%
5200 43,0 210 * 5,30 £10 %
5300 A8 .G 4 10 5% 542 #E0 %
400 A3, 7 250 % 593 110%
5500 aB6 210 % §5.65 1i0%
L1z &85 #10 % 577 +10 %
SEH #52 £10 % 500 210 %

74  SAR MEASUREMENT RESULT WITH BODY LIQUIT

Soliware OFENSAR V3
| Phaamitcm Sh 1300 SAMGE
Probe SN 41/18 EPGO333
Liguid Body Liquid Yalucs: eps’ - 35.0 sigma : 1.537
| Dristance beiween dipode cemier and Tiquid 100 mum
Aren scan resohsticon dx=Emm'dy=Hmm
Foon Scan Resolution da=Fmmdy=fmm/de=5mm
Freguensy 1200 MHz
Inpeut power 240 dBm
Laguid Tamperure b T s,
Lab Temperatune bl
Lab Humidity 3070 Yo
MiHT 1 g A8 (W kg W) 10 g 5AR (W/ kg W)
saLiined meaiinsd
1900 £1.45 [4.15) 101 2. 10}
N 4 = L A £
- _
BT —
15 !
-‘!Hl : '\1
Fom —
oo
18-
L81m [ =
E RN UNE AT AEAD
Lirmi

g 0]

Tempduge AURDMBOA VIV GEISAET NAK Rofeeenie Dipade o)
Thedr elocymard rhall wor Be sepridiced, eocer b or fe ooy witlosd the wadtsen arprmved o SET Tae infoemanion coniiained herein in oo et und
ulllf: _Fhr i RS T wilked 1F an sinheinmeed anidd iy And 20 by Feibned fd wakionld o i i e wlprulﬂfﬂf'”l"l’r'
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& LIST OF EQUIPMENT

Equipment summary Shaet

Equipment Manufacturer | |, . : Current Next Calibration
Description Maddl . Rl Nl ot Dl Date
SAM Pharntam MV EN-1A0B-SAMEE Waldated, No cal Walidated, Mo cal
fequired. Fequired
: Validated, Moeal  \alidated. No el
[COMOSAR Tes! Banch Version 3 MA equire. required
Network Analyzer | Homae f Schwarz 100208 0542018 0512022
Metwork Analyzer — | Fohde & Schwarz | .o oo
Cailbeation ki ZV-2235 ok it i
Calipers Mitutowo S D00ST 32 12018 102022
Reference Probe KW ERPGO333 3N 4116 D502 052021
|
Multimeter Keithley 2000 | 1180271 02/2020 022023
Signal Generator | H"{"”EE‘?‘MSB::““”' 106569 04/2019 0412022
. Characterized phor to [Charactanized prios 1o
R [ M SNO6 st Mo calrequired. |test. No cal requirad
Power hMetar NI-UISB 5680 170100013 052018 Dsi2022
. Characterized prior to (Charsclarnzed prior 0
Directional Coupler Marda 42 16-20 01346 tlest. Mo cal required, test. No cal required.
Temperalre | BUMARY| Gonrol Company | 150708832 1142017 1172020

Page: 11T
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SAR Reference Dipole Calibration Report

Ref: ACR.178.18.20. MVGB.A

WORLD STANDARDIZATION CERTIFICATION
& TESTING GROUP CO .,.LTD
BLOCK A, BAO SHI SCIENCE PARK,BAO SHI ROAD,
BAO'AN DISTRICT
SHENZHEN 518108,P.R. CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 14/13 DIP2G450-238

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

Calibration date; 06/25/2020
" mlrn:

ETALOKNAGE

Aeoreditssions 824748 and 42314
. Seope availahie on www oofrac fr

Sernary!

Thiz document presends the mothod and resulis from an sceredited SAR reference dipole calibraton
performed in MYG uasing the COMOEAR wst bench,  All calibralion reselts are treeeable w

naibigoz| mul:r\-::-]l.lE}- msbilubions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR 73 IE20MVEBA
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SAR REFERENCE DIPOLE CALIBRATION REPORT Rel” ACE TR 18 1k MVGELA

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 Type COMOSAR 2450 MHz REFERENCE DIFOLE
Manufacturer MVG

Model S102450

Senal Number SN 1403 DIP2GA50-238

Product Condition (new / used) Used

3 FRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CELIEC 62202 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MV COMOSAR Validation Dipole

Page: 411
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4 MEASUREMENT METHOD
The IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference

dipoles msed for system validation messorements, The following measurements were performed 1o
venly that the product comphes with the fore mentroned standards,

4.1 RETURN LOSS REQUIREMENTS

The dipole nsed for SAR system validation measurements and checks must have a return loss of =20
dB or better. The retum loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A direct method 15 used
with a nerwork analyser and its calibration kit, both with a valid ISO1 7025 calibrarion.

42 MECHANICAL BEEQUIREMENTS

The IEEE Std. 1528 and CEIIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimension’s frequency and phantom shel] thickness
dependent. The COMOSAR test bench employs a 2 mm phantormn shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set torth for a 2
mm phantom shell thickness. A direct method is osed with a 15017025 calibrated caliper.

s MEASUREMENT UNCERTAINTY

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

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

Frequency band Expanded Uncertainty on Return Loss

400-6000MH 2 0.08 LIN

3.2 DIMENSION MEASUREMENT
The following uncertainties apply to the dimension measurements:

Length {mmy} Expanded Uncertainty on Length
0 - 300 0.20 mm
30 - 430 .44 mm
33 ¥ JATION MEASUREMENT

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

Pyggree 3611
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g 19 % (SAR)
10z 109 (SAR)

6  CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE [N HEAD LIOUID

Frecustncy. ML
I35 380 M0 M 0 M4E E0 2E0D XM ST 2550
= l

-]

St

40- I
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
24 5() =244 -2 40003 - 6.3 400

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Faqparey, WHp
pic Lo} S A0 MR Jad]  MB)  MBD  BO00 MR )

F'rfqur:uc}' (MHz) | Return Loss (dB) Requirement (dB) Impedance
2450 | -21.26 -20 53501-82;0

6.3 MECHANICAL DIMENSIONS

Frequiency MHE L et b dmim

[
required measurec regulred | measured required ]- measured

Pape: 8711
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el ACR ETE T8I0 MVOE.A&

30 420041 M. 250.0 £1 M. 63521 %,
450 90041 ™. 166.7 +1 %. 653521,
750 1760 %] % 100.0 41 % 6.35 23 %,
Hf; IBLO A1 & CER SRR 16215,
300 4501 % B3 1% 3641%.
450 EETITL E1741 % 36:1%
1500 0.5 21 % SO0l %, 3611 %
1E4D o0+l % 457 21 %, I641%.
1750 TE.241 % 428 £] % Ih4l %
1800 FL.O 1l M 417l % Zbal W
1900 BA.0£1 % 39541 % LELK.
1950 Bb.3 £1 . CEEE RS LG8l %.
2000 E4.5 &1 W A75 41 K 1681 %,
2108 BE1.0£1 ¥ IRTH R 16 £l %
2200 555 +1 %. TR LN, ENCE N
2450 313 &1 He 304 11 M. 25631 %
2600 485 1% 28881 %, EHE
3000 IL541% 250 £1 %, 1641 %
AS(HY I7.0d W s S RS NN 3621 H.
k] 34,721 %. 6.4 =1 % 3611l 5.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positionad below the botiom 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,

7.0 HEAD LIQUID MEASUREMENT
”":,,'1,'1“”’ Relative permittivity () Conductivity [o) §/m
required measyrad reguired e adured
00 45,3400 % 0.E7 210 %
50 41,5210 % NET £10%
7eh A1 G210 % 0BG L1005
gac A1 5=10% 080 +50%
| ] 41510 % 57 110 %
1450 &5 =10% 1.20 +10°%
1500 4 +10% 1.23 410%
1644) a2 £10 % 131 410%
Page: 711
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1750 40110 % 137 110%
1800 a0.0:10% 140 310%

1960 | 00:10% 140410% |

1950 40.0 £10 % 140 £10%

ek 40,6410 % 140 £10%

2100 396 210 % 1.49 +10%

2300 39.5 210 % 167 +10%

il ¥.2Ei0% | 414 1E0 410 % ias
X0k \|O+10% | 1896 +10%

3007 85£10% 240210%

3500 o410 % &5 £10%

72 SARMEASUREMENT RESULT WITH HEAD [JOUID

The IEEE Std. 1528 and CEVIEC 62200 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 iz given with the used input power.

Softwars OPENSAR VS
Phaniom SN 13800 SAMGE
Prohe SH AR EPGOAAS
L igquid Head Liguid Yalues: epe’ - 410 sapea ¢ 188
Diisfance betwean dipoie comer and liguad 100 mm
Area sean resoheiion dw=8mm/ dv=Emm
Lipon Sean Resohation dae=Smumy dy=5mm/dz=5mm
Frequency 2450 MHz
Topant poweer 200 dBm
Laquud Temperature 2+i- 1 B
Lab Tempernturs 20+4- 19
Lab Humadiey I0-70%;
Fr
e 1§ SAR [W/kg/W) 10 g SAR W/ kg/w]
required meamsed reguined measured
300 s | Lo
S50 458 .0e
50 B4 555
B35 a5k .22
L 1438 5.00
14250 by 16 |
1500 3.5 158 |
1644 4.2 15.4
1750 16,4 103
IB00 J2.A | 20.1
1500 L By | 0.5
1850 A5 i 20,8
Page- 841
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el ACRITRIAMYGBA

2003 a1.1 214
2100 435 218
2300 287 2313
2450 574 §3.25 {5.33) 24 13.94{2.39)
2600 55,3 s
3000 £1.8 257
3500 571 5
3700 i 2432
"l = = —
o \ T $ e
i f I
r T . e
| N -
. § it
s 5 et el
. . L
il TEEE T EEET E N
T i |
73 BODY LIQUID MEASUREMENT
g Relative permittivity (s) Candustivity [} 5/m
o regueired measured required measured
150 61.9 £10% 0.80 210 %
W00 582 £10% 0.92 £10 %
450 SET7+10% 0.94 £10 % |
740 55.5£10 % 0,55 £10%
B35 55.2 £10% 0.97 +10 %
300 55.0£10% 105 £10°%
315 55.0410% 1,06 £10°%
1456 CA 010 % 130 +10%
1610 538210 % : LAD £10%
1800 53,3 210'% 153 +10%
1900 53.3 410 % 1.5 $10%
000 53,3410 % 1.57 $10%
2100 53.2 410 % 162 410%
2300 62,8 410 % LE1 $10%
2450 52,7 £10 % 53.4 1.95 $10% 214
Peige: 011
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2600 | szszu0% 2.16:10%
3000 530210 % 273110%
3500 513 £10 % 3131 +10%
3700 SL.0 210 % 3.55 110%
5300 0 £10% 5.30:10%
5300 499410 % 5.42 $10 %
5400 48.7+10'% 5.53 £10 %
5500 436110 % G.ES £10%
K] AR5 +10% 5.77 +10%
5&00 45.2 210 % | 6o0ti0%

74  SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR VS5

Phamtoan SN 1308 SAMGE

Frobe SN 41/18 EPGO333
| Liguid Body Liuid Yalwes: eps” : 314 sipma ; 2.14

Dhstanee between dipoie center-and Fguid

1 (k0 iy

Area sczn resolion

dx=Bmumdy=amm

Ref: ACR1TERE 20 MWGEA

Thir glocymer rhall nor be i Pr:l\.l'rﬂnu il TN In_.l"p'fl' ar ke vy i U gt T MY, The frrifrarsemitorn cevatatinged Mereim o v e el

Zovn Scan Resolution = Fmomydy=Smmsde= 3
Frequency 2450 MHz
Lizput power 20 dfm
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SAR REFERENCE DIPOLE CALIRRATION REPORT Bl ACHITE 19.20.MYGRA

1 INTRODUCTION

g document contains a summianry 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,
r DEVICE UNDER TEST
Device Under Test
Device Type | COMOSAR 2600 MHz REFERENCE DIPOLE
Manufacturer | MVG
Maodel SID2G00
Serial Number SN 28/14 DIP2G600-327
Product Condition (new [ usad) Lised

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MV G COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FOCU KDBs and
CELTEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MV 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 (o
verity 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 -21)
dB or better. The retumn loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards. A dircet method 15 used
with 2 network analyser and its calibration kit, both with a valid ISO17025 calibration.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CELIEC 62209 standards specify the mechanical components and
dimensiens 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 fora 2
mim phantom shell thickness, A direct method 15 used with a 18017025 calibrated caliper.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertninty expressoed st approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to

Measurement Uincertainty.

5.1 RETURN LOSS
The following uncertainlies apply (o the return loss measurement;

Frequency band Expanded Uncertainty on Return Loss I
A00-6000MHz 0.08 LIN 1

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
| =300 (.20 mm
300 - 450 .44 mm

53 VALIDATION MEASUREMENT

The puidehnes outlined in the IEEE 1528, FCC KDBg, CEMNELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurcments.
Scan Volume | Expanded Uncertainty
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g | 19 % (SAR)

10 g I 19 % (SAR)

6 CALIBRATION MEASUREMENT RESULTS

B0 RETUENLOSS ANDIMPEDANCE IN HEAD LIOLUITD

Frequency, Wz
I B2 2540 XS0 26 26N EMD M40 MEN MM} M

517 48

S g I
Frequency (MHz Return Loss (dB) | Requirement (dB) __Impedance
2600 2857 | 20 _ 5130-35j0 |

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIOUID

Frescuency, Mkz
2200 SA S0 25E0 250 MDD AN A0 MED 6N I
0= | I

H=

-

=18

I

Al =

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2600 -27.71 -20 47502-33 07

6.3 MECHANICAL DIMENSIONS

‘ Frequancy RH? L mim M | o i
- . — | I
required T majuned reguired masured requirad | mypasuned
|r'I-||'SI."' L
r L] I 1 | LB, F .I .I L |l ' in i T i 1
Tl dieasaneant Sinntd mar S i, excer Do Ml o M vt wikasd the worre eerarmeral off WVTE Thie dmlirmatiow raefiiaen Aerein o ie B vt
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100 4200 £1 %  sa0n% | B3511%.

IL 150 2600 £1 % 166.7 21 % 53541 %
750 17601 % 100.0 41 % 63521 %
a3s 1610 £1 % 858 11 X, 1641 %,
930 1450+ % 33? -“:Ei 1641 %,
1450 RO +1 %, 51.7 41 % 1621 %,
1500 A5 41%. S0.0 £1 %, —
1640 75,0 41%. 45,7419, 1681%.
1750 753 51 %. 429215 3,641 %.
1800 720 £1 %, 41751 % 3641 %
1500 SR 1%, 395 21 % 3641 %
1850 §6.321%. W5 21 % BT
2500 545 £1 %, 375 51 % 1641 %
2100 10 +1%, 5T 41 % I61%
2300 555415, 326 1% 161 %
2450 51541 %, 304 21 % 3615
2800 185 1% E 28641 % - 1641 %, .

i 300 ME% 250 41 % 3611 %
3500 37.041% 26441 %, 261%,
3700 34.741% 764 41 %. 36 £1 %,

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIFIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
and mechanical dimension requirements. The validation measurement must be performed against a
liguid filled flat phantom, with the phantom construcied as outlined in the fore mentioned standards.
Per the standerds, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel 1o the longest dimension of the flar phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1

HEAD LIOUID MEASUREMENT

IERTRLL TR

rw Relative permittivity 2) Canductivity [=) $fm
ragquired measured reguired rBasLres
300 25.3:10 % D7 £10%
50 #3.5:10 % 0.ET £10 %
750 A1 9+10 % DLBS £10%
B35 415 £10% 080 +10%
00 AL5:10% 097 $10%
1450 405 £10 % 1.20410%
1504 40,4 +10 % 173410%
1640 40.210% 1.31410%
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—

1750 401210 % 1.5 210 %
1800 AD0210% 140810 %
1800 00810 % T 140m0%
1950 a0 ti0% 140 110%
2000 40.0+10% LA0210%
1100 /E IR 180410 %
1300 WETI %R 16T 210 %
1450 D ZI0E 180 +10%
1600 AD 0210 % 815 106 &10% 204
3000 3E5z10% 240 210 %
3500 3?3'-21[”5 2.5 #¥iD%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The |EEE 5td. 1528 and CELIEC 62209 standards stale that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertmnty 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 OPENEAR WS
Phaniom SM 13/0% SARMEGH
Probe SM 41718 EPGOIZ3 e
Lagusd Hend Liquid Values: eps” i 41.5 sigma ; 2.03
Dhstance between dipole center and figuid 1000 e
Area sean reselution dx-Emm/dy—8mm
Foon Scan Fesolution |:1.t—5m.'|'r|..'drﬁr|1|:n.-'-|,|z— Smuem
Freguensy 2a00 MU=
[npun poaer 20 dBm
Liquid Temmperature 20 44 100
Lab Temperature 2044 1
Lah Humiidity 30.70 %
g 15 SAR (Wi /W) 10 g SAR [W/kg/ W)
regulred measured | requined meeasured

306 285 194

50 458 i |

750 43 555 |

35 .56 B

S00 105 h.55

1456 9 16

1500 .5 16.8

1640 3.2 1E.4

1750 364 1%.3

1800 EL i

1800 39.7 Hh

15884 4.5 k4

Page 8411

Feaugiipds AN DL % VATV LRIANE R SN Nefovamod P pinls ofy
e alnowmend sholl wod bz ropeealaend, crcop o Aol ar Ay pary, withoir e weltto g of SOFG Tl i mmados confalesd Aeenln 15 5 b lmed
ity far the panpase for wxilol (4 05 mabmided and {5 gor o B redeased T wilode ok et witkoss welllr appenal af WG



SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACRIT3 1920 MVGE A

2000 41.1 21.1
2100 435 218
2300 48,7 233
2450 LS P )
2E00 553 5640 (SR} 2 2465 [2.4E]
3000 LER 257
503 [ T 25
7 7.4 2.2 |
[ —_— b =

y .
' .:%} ::"'ﬂ;_'t e ——
E 3 1 ' N
[E) T
"y g - a S
W-E - w:u:;-nhz_rxuia
e
7.3 BODY LIQUID MEASUREMENT
i Relative: permittivity (c) Eomductivity (] §fm
regubred rreasured requiad Peasured
150 1.5 ¥10 % .80 420 '%
00 58.2 410 % 0.92410%
450 | S67s10% 0.90 410 % B
750 55.5210 % 0.96 £10%
B3y 55.2+10% 057 210 %
900 S5.0+10% LO5:10% |
515 55.0:10 % | 105 210%
1450 4.0 210 % 130410 %
16510 53,8 410% 1.40 £10'%
1800 533410% 152 430'%
1500 53,3 410% 152 10 %
2000 53.3:10% 1,52 £10%
2100 533 #10% 1E? #10 %
2300 S1FH10% 181 #10 %
2450 547 £10% | REC 10N
Foagre- W1
Taaugvdare AR D E WVGRISNE. SAK Kefermmey Ppaie vl

This docemment shal eod B repraduced ectept &l or fe par witkosd the withen appreval o WG The syfermation confifred B 15 fo e s
i e e piepas e far il ie e sutuniined' and {1 am 30 ke erleensd o wieale o part withaw wrifie apoeved of WG



SAR REFERENCE DIFOLE CALIBRATION REFPORT Rel ACHITE 19,20 MYV GEA

2500 ] S25400% 51T F1G110% 236
pitie B34 410 K 273 10 %
EL T 5134108 331 410%
g F10£10H 335 1410% |
20 [ 490410% swsek |
5300 a9 +10 % 542 £10%
400 48,7 110 % 558 210%
5500 AE.E 210 % 565 #1105
SR AE5 410 % ST+
| 5800 482 810 % E00 110 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software DPERSAR W5
Flantom SN 1309 SAMER
Probe SHALE BEPCALI3S
Laguid Body Liquid Yalees: eps” | 52,7 sigma ; 2,36
Dhstaner betwcen dipole center amd liguid 100 mm
Arca scan reselution de=Fmm/dv=#mm
Zoon Scan Resolution dx~Suun/dy—Smoyde- Sman
Fregueinsy 2a00 MH=
Tnnput powsr 20 ditm
Liguid Teatperatars 20+ 1"
Lab Temperature 20 +-1°C
Lab Humidity 20-T10 %
'“I,TH_I":“" 1 SAR (W /kg/W) 10 SAR [W/kg/ W)
rrssasured s asurad
L 57,068 (573} 24.02 (2.4a0)
'_ X = 1-_
[E] Q’
. : T Wiz
v na
l% e
: E &g
= f e
: = WENERS
:a-l i -
EEEEREREFET RN
Lrs|

Furges 10T
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Eguipment summary Shael

LR T T

CRAODDN VY MIUGE

TSN

Equipment Manuofactarer/ |, oo Current | Next Calibration
Description Model | 'dentilieation No.| ¢ ipvatin Date | Date
alidated, Mo cal Walidaled Mo call
SaM Phantom MVG SN-13109-SAMES i R, e
L gidated. Mo cal W alidated. Mo call
[COMOSAR Tesl Bench WVersion 3 M& sty equired
|
Network Analyzer H“h“;‘uﬁ.lﬂm” 100203 05/2019 0542022
Network Analyzer — | Rohde & Schwarz ,
Callbeatian kit FV_TI%E 101223 ) _UEFECI.EI ) ﬂﬁ."EEEE |
Calipers Mitutoyo SN 0008732 10/2019 102022
Reference Proba MVG EPGOE33 5N 41118 0552020 052021
bultimater Kaithbey J000 1160271 Q23020 02023
Signal Geswerator Huhda%%mwr: 1068589 04/2019 0412022
Characlerized prior to [Characterizad prior o
Aumyplkher Asthercomm SN 046 feat. Mo cal required. |test No cal requirged.
Power hMeter NI-USE 5680 1r0100013 2018 Qs2022
| Characterized prior in |Characterized prior fo
Directional Coupler |  Narda 4216-20 01386 el 1 G e et Nk o g
Temperaiure | FUMIA| Gontrol Compeny | 150798832 1172017 1142020
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This documenl presems the method and results from an accredited SAR reference wavegusde
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1 INTRODUCTION

This document containg o summary OF the requirements set forth by the IEEE 1528 and CEVIEC
62209 standards for reference waveguides used for SAR measurement systemn validations and the
mezsurements that were performed to verify that the product complies with the fore mentioned

standards,

2 DEVICE UNDER TEST
Device Under Test
Device Type | COMOSAR S000-6000 MHe REFERENCE WAVEGUIDE
Manufaciurer MVG
Model SWGES00
Serial Number SN 49/16 WGA-41
Product Condition (new / used) | Used

3 FRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Wavegusdes are built in accordance to the IEEE 13528 amd CEVIEC
62209 swandards.

4 MEASUREMENT METHOD

The IEEE 1528 and CELVIEC 62209 siandards provide requirements for reference waveguides used
for system validation measurements. The following measurements were performed to verify that the
product complics with the fore mentioned standards.

4.1 N EQUIREMENTS

The wavepude used for SAR aystem validation measurements and checks must have a retum logss 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 amd maiching layer in direct contaci with the
phantom shell as outlined in the fore mentioned standards. A direct method is vsed with a network
analyser and its calibration kit, both with & valid ISO17025 calibration.

4.2 MECHANICAL REQUIREMENTS

The [EEE 1528 and CEIIEC 62209 sundards specify the mechanical dimensions of the validation
waveguide, the specified dimensions are as shown mm Section 6.2, Figure | shows how the
dimensions relate to the physical construction of the waveguide. A direct method is used with 2
ISO17025 calibrated caliper.
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5 MEASLUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 93%
eonfidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertaimiy.

3.1 RETURN LOSS

The following uncertaintics apply to the return loss measurement:

|_ Frequency band I Expanded Uncertainty on Return Loss \

| 400-6000MHz .08 LIN .

3.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length _—|
0 - 300 0.20 trm '

53 NALIDATION MEASUREMENT

Ihe guidelines outlined in the IEEE 1528 and CEL'TEC 62209 standards were [ollowed [0 generale
the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty i
g 19 % (SAR)
.I i0g 19 % (SAR) )

6 CALIBRATION MEASUREMENT RESULTS

.l RETURN LOSS TN HEAD LIOUID

Frepmey. M
SI0G 2m 5308 00 Ry S

B1L &

Frggre 5413
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Ref ACR ITE 20 X MYGHEA

Frequency (MHz) | Return Loss (dB)

Reguirement (dB)

Impedance

3200 -10.12

-¥

24,26 (1 + 13.25 1)

5400
Sh00

-12.07

L16:43

-5
-3

7341 0+ 1640

3708 03-7.23 32

3800 -14.80)

6.2

-8

RETURN LOSS IN BODY LIQUID

51148

Freguancy. Mia
b liE] 2504 500

| _57340+16.02j0

Return Loss (dB)

Frequency (MHz)
-8, 02

200

_ Requirement (dB)

&

203961+ 1584 302

| 5400
Sa00

-10.53
=13.32

=

_I»o-3sia |

30,59 02 - 7.25i02

= | b

5800

-12.31

6.3 MECHANICAL DIMENSIONS

1

595541 +21.30 0

Freguenoy | L {mm]) Wimm}

L ()

Wiimm} |

(MHz] | Reguired | Messured | Reguired [ Measured

Beguired | M essured

A eguimed

el asme]

Regire | Mesured | Repird |
ssop | 439 20

Blod4

(.13

EEE
0.13 |
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Malching laver

Figure 1: Validation Waveguide Dimensions

T VALIDATION MEASUREMENT

The IEEE Std, 1528 and CELTEC 62209 standards state that the system validation measuraments
must be performed using a reference waveguide meeting 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

H':'I“HTw Relative permittivity (=] Conductivity (o} 5/m
reguired mieaiuned resguired A red

5000 B 210% | 1.45 110 %
5100 36.1+10'% 4,56 110 %
5203 360410 % 3460 4.66 +10 % 455
5300 35,510 % 176 410 K
5400 35.8210% 3402 486210 % 488
5500 35.6210% 497 210%
SR A5.5 x10% 2346 507 £10% 5.25
=100 35.4+10% 517 +10% !
SR 5.3 +10% 32.78 527 0% 5.64
2400 A5 210N o Cidfow
EO0D 35, 1+10% 5,48 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 | W net power. In bracket, the measured SAR is given with the used input power.
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SAR REFEREMCE WAVEGUIDE CALIBRATION REPORT

Ref ACE 782000 MYVETLA

Software OPENSAR V5
Phantom SN 1309 SAMOS
Probe SN 41/18 EPGO33

| Liguid Head Laquid Values $300 MHz: eps’ :34.60 sigma - 4,55

Head Luguid Valoes 5400 MHz: eps’ (3402 gigma - 4.88
Head Lupuid Values 5600 MHz; eps’ 133 46 sigma ; 523
Head Liguid Values S804 MHz: eps' 32 7B sizma : 5.64

Distance between dipole waveguide and liguid

| U mm

Area sean resolution

dx=Betumedy =Sy

Zoon Scan Resclution dx=dmm/dy=4m'dr=2mm
Frequency S MHz
S400 MHz
S400 MHz
S800 MHz
Input power 20 dBm
Liguid Temperarure 20+~1"C
Lab Temperature 20+51°C
Lab Humidity H0-70 %
Fregquency (MHz) | g SAR (Wikg) 10 g SAR (W/kg)
reguired measured required measured
5200 1.56.00 |55.48 (15.55) 56.90 53.81 (5.38)
5400 16640 |65 08 (16.51) 5341 5638 (5.64)
3600 173.30 176.08 (17.61) 59.97 3940 (5.95)
5800 181.20 183,54 (18.35) 61.50 61,38 (6.14)

SAR MEASUREMENT PLOTS @ 5200 MHz
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SAR MEASUREMENT PL _TS !
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7.3 BODY LIQUID MEASUREMENT

th'u:m Refative permittivity (&) Condisctivity (o) 5/m
required measured reguinad msasurad

5200 49,0 210 % 4535 5,30 t10 % 5.42
5300 4E.5 2310 % 54L 10 %
S400 487210 % 45 [ 553310 % 5B
5040 &BEEI0% | 5.65 £10%
5600 485 +10% 44,54 5.77210% 620
SR00 487 +10% 44,59 600 210% 6.56

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR VS

Phantom EM 1309 BAMBE

Probe S 41718 EfMGOERE

Liquid Body Liguid Valies 5200 MH=: epy’ 45 3% sogma-§ 5.42

Bedy Liguid Valoes 3400 MHz: eps’ 4309 sigma @ 5.80
Body Liguad Values 3600 MHz: eps’ 44,54 sipma @ 5,20
Body Liguid Values 3800 MHz: eps’ 144,59 sipma ; £.36

Distance between dipole waveguide and ligud 0 mm

Area scan resolution dig=§mny'dy=Emm
Zoon Scan Resolution dx=dmmy'dy=4midz=2mm
._Frnquml::r ) 52040 MHz
5400 MHz=
5600 WH =
SR00 MEHz
Input power 20 dBm
Liguid Temperature 244 1°C
Lab Temperature 20 4+« o0
Lab Humidity 30-T0 %
Frequency (MHz) 1 g SAR (W/kg) 10 2 SAR (Wikg)
measured measured
2200 149.14 (14.91}) 53.34 (5.33)
5400 155.60 (15.56) 5547 (5.55)
60 161.37 (16.14) 36,82 [5.68)
5800 163.33 (16.33) 56,88 (5.69)
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BODY SAR MEASUREMENT PLOTS (@ 5200 MHz
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BODY SAR MEASUREMENT PLOTS @ 5800 MHz
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Rel: ACK. | TH202 MYGE A

& LIST OF EQUIPMENT

Equipment Summary sheal

Equipment deatification No, | Next Calibration
escription G | bme
Walidated, Mo cal
Flat Phantom WMVG Sh-1 3H09-SAMEE t;mifﬂ-ﬂ- beq 4
: Vaidated. Nocal  |Validated. No caf
IEEMGE.AR Test Een_l::h a Uerfhun 3 P ecuinad required.
Metwork Analyzer H““"'El‘?uff“"m 100203 062019 05/2022
Metwork Analyzer = | Rohde & Schwarz |
Calwation ki g 101223 0812019 0812022
Calipers I Mituloya SN 0008732 10/2019 10/2022
Reference Proba MVYG EPGO353 SM 4118 052020 052021
bultimeater Keithley 2000 1160274 22020 D2ranaa
Signal Generator H“MES&M%”“"“ 106508 0472018 042022
Characterized prior to | Characterized prior fo
Amplifiar Astheroomm SN D46 st No cal raguired. ltast Mo cal roquired
Power Meler NI-USE 5680 170100013 0o2013 DB2022
. Characierized prior o | Charactenzed prior to
Directonal Coupler Marda 42 16-20 01385 lest. No cal required. [1est. No cal required.
Temperaiure and
Humidity Sensor Caoniral Compary 1&07OEEE 1172017 1142020

Tomrplaly,
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COMOSAR E-Field Probe Calibration Report

Ref : ACR.30.6.23.BES.A

WORLD STANDARDIZATION CERTIFICATION
& TESTING GROUPCO ..LTD

BLOCK A, BAO SHI SCIENCE PARK,BAO SHI ROAD,
BAO'AN DISTRICT

SHENZHEN 518108,P.R. CHINA

MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: 0123-EPGO-39%

Calibrated at MVG
Z.l.delapointedu diable
Technopodle Brest Iroise — 295 avenue Alexis de Rochon
29280 PLOUZANE - FRANCE

Calibration date: 01/30/2023
ety cofrac
s L35
ETALONNAGE

Accreditations #2-6789
Scope available on www.cofrac.fr

The use of the Cofrac brand and the accr editation referencesis prohibited from any reproduction.

SImmary:

This document presents the method and results from an accredited COMOSAR Dosimetric E-Field
Probe calibration performed at MVG, using the CALIPROBE test bench, for use with a MVG
COMOSAR system only. The test results covered by accreditation are traceable to the International
System of Units (SI).
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR.30.6.23 BESA

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number 0123-EPGO-396
Product Condition (new / used) New
Freguency Range of Probe 0.15 GHz-7.5GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.232 MQ
Dipole 2: R2=0.250 MQ
Dipole 3: R3=0.248 MQ

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVG’s COMOSAR E field Probes are built in accordance to the |EC/IEEE 62209-1528 and FCC
KDB865664 D01 standards.

Figurel - MVG COMOSAR Dosimetric E field Probe

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

3 MEASUREMENT METHOD

The IEC/IEEE 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 effect. All calibrations/ measurements performed meet the fore-mentioned standards.

3.1 SENSITIVITY

The sengitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue ssimulating liquid) using waveguides as outlined in the standards for frequency range 600-
7500MHz and using the calorimeter cell method (transfer method) as outlined in the standards for
frequency 150-450 MHz.
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3.2 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.

3.3 |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 tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave
dipole. The dipole is rotated about its axis (0°-180°) in 15° increments. At each step the probe is
rotated about its axis (0°-360°).

34 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 normal to the phantom surface, the peak spatial average SAR is measured and
compared to the analytical value at the surface.

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

dye, AONg lines that are approximately normal to the surface:

(dhe tdag )2 (’E _d“fwm)

SAR oy [0]= AR, T 57 for [d,, +d.y, ) <10 mm

where

SARuncertainty is the uncertainty in percent of the probe boundary effect

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

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

o is the minimum penetration depth in millimetres of the head tissue-equivalent
liquids defined in this standard, i.e., 6~ 14 mm at 3 GHz;

ASARpe 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 scanning distances larger than
4mm is 1.0% Limit ,2%).
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR.30.6.23 BESA

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEC/IEEE 62209-1528 and FCC KDB865664 D01 standards were
followed to generate the measurement uncertainty associated with a SAR probe calibration using the
waveguide or calorimetric cell technique depending on the frequency.

The estimated expanded uncertainty (k=2) in calibration for SAR (W/kQ) is +/-11% for the frequency
range 150-450M Hz.

The estimated expanded uncertainty (k=2) in calibration for SAR (W/kQ) is +/-14% for the frequency
range 600-7500M Hz.

5 CALIBRATION RESULTS

Ambient condition
Liguid Temperature 20+/-1°C
Lab Temperature 20+/-1°C
Lab Humidity 30-70 %

51 CALIBRATION IN AIR

The following curve represents the measurement in waveguide of the voltage picked up by the probe
toward the E-field generated inside the waveguide.

Calibralion curves

ek ]
- -
£ o =y
B == Dk 2
1] =

g

545 ==

From this curve, the sensitivity in air is calculated using the below formula.

V;
B2 — il—’[ a+ ‘/DCP[}

= Norm,;

where

Vi=voltage readings on the 3 channels of the probe

DCPi=diode compression point given below for the 3 channels of the probe
Normi=dipole sensitivity given below for the 3 channels of the probe
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Normx dipole | Normy dipole | Normz dipole
1 (uV/(VIim)?) | 2 (uV/(VIm)?) | 3 (uV/(VIm)?)
1.27 1.51 0.77

DCPdipolel | DCPdipole2 | DCP dipole 3
(mV) (mV) (mV)
106 104 104

5.2 CALIBRATION IN LIQUID

The calorimeter cell or the waveguide is used to determine the calibration in liquid using the formula
below.

I;'qufa’
ConvF = -

air

The E-field in the liquid is determined from the SAR measurement according to the below formula.
_ pSAR

2
E.!:'q'u:'d a

where

o=the conductivity of the liquid

p=the volumetric density of the liquid

SAR=the SAR measured from the formula that depends on the setup used. The SAR formulas are
given below

For the calorimeter cell (150-450 MHz), the formulais:

where
c=the specific heat for the liquid
dT/dt=the temperature rises over the time

For the waveguide setup (600-75000 MHz), the formulais:

—IF

SAR =W .3
abd
where
a=the larger cross-sectional of the waveguide
b=the smaller cross-sectional of the waveguide
d=the skin depth for the liquid in the waveguide
Pw=the power delivered to the liquid
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The below table summarize the ConvF for the calibrated liquid. The curves give examples for the
measured SAR depending on the voltage in some liquid.

Liguid Frequency ConvF
(MHZz*)

HL750 750 2.11

BL750 750 2.19

HL850 835 1.99

BL850 835 2.14

HL900 900 1.93

BL900O 900 2.18

HL1800 1800 2.13

BL1800 1800 2.30

HL1900 1900 2.26

BL1900 1900 2.35

HL2000 2000 2.40

BL2000 2000 2.53

HL2450 2450 2.43

BL2450 2450 2.66

HL2600 2600 2.23

BL2600 2600 2.35

HL3300 3300 2.00

BL3300 3300 1.79

HL3900 3900 2.23

BL3900 3900 2.17

HL4200 4200 2.27

BL4200 4200 2.25

HL4600 4600 2.18

BL4600 4600 2.12

HL4900 4900 2.14

BL4900 4900 2.13

HL5200 5200 1.90

BL5200 5200 1.73

HL5400 5400 2.10

BL5400 5400 1.81

HL5600 5600 2.13

BL5600 5600 1.98

HL5800 5800 2.11

BL5800 5800 1.85

(*) Frequency validity is +/-50MHz below 600MHz, +/-100MHz from 600MHz to 6GHz and +/-500MHz above 6GHz

SAA @ HLYSD ShA f FLLEDD
i = ; R e
T ] 5 = (I A i

Page: 8/10

Template ACR.DDD.N.YY.MVGB.ISSUE_COMOSAR Probe vL
This document shall not be reproduced, except in full or in part, without the written approval of MVG. The information contai ned herein isto be used
only for the purpose for which it is submitted and is not to be released in whole or part without written approval of MVG.



COMOSAR E-FIELD PROBE CALIBRATION REPORT

Ref: ACR.30.6.23.BES.A

6 VERIFICATION RESULTS

The figures below represent the measured linearity and axial isotropy for this probe. The probe
specification is +/-0.2 dB for linearity and +/-0.15 dB for axial isotropy.
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7 LIST OF EQUIPMENT
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Equipment Summary Sheet

Equipment Manufacturer / | dentification No Current Next Calibration
Description M odel ‘| Calibration Date Date
CALIPROBE Test . \Validated. No cal \Validated. No cal
Version 2 NA . .
Bench required. required.
Network Analyzer | Rohde & Schwarz 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2019 10/2023
Network Analyzer — HP 85033D 3423A08186 06/2021 06/2027
Calibration kit
Network Analyzer — | Rohde & Schwarz
Calibration kit Z\V-72235 101223 0772022 0772025
Multimeter Keithley 2000 1160271 02/2020 02/2023
Signal Generator ROhdeS&MSBCh""arZ 106589 03/2022 03/2025
Amplifier MVG MODU-023-C-0002 Characterized prior to Characterized prior to
test. No cal required. |test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter NI-USB 5680 170100013 06/2021 06/2024
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Ref: ACR.30.6.23.BES.A

Directional Coupler Krytar 158020 131467 Characterized prior to Characterized prior to
test. No cal required. |test. No cal required.
Fluoroptic Thermometer L“masegig Luxtron 94264 09/2022 09/2025

Coaxial cell MVG SN 32/16 \Validated. No cal \Validated. No cal
COAXCELL_1 [required. required.

Waveguide MVG SN 32/16 WG2_1 Valld_ated. No cal Valld_ated. No cal
required. required.

L . SN 32/16 \Validated. No cal \Validated. No cal
Liquid transition MVG WGLIQ_0G600_1 fequired. required.

Waveguide MVG SN 32/16 WG4._1 Valld_ated. No cal Valld_ated. No cal
required. required.

L . SN 32/16 \Validated. No cal \Validated. No cal
Liquid transition MVG WGLIQ_0G900_1 fequired. required.

Waveguide MVG SN 32/16 WG6_1 Valld_ated. No cal Valld_ated. No cal
required. required.

L . SN 32/16 \Validated. No cal \Validated. No cal
Liquid transition MVG WGLIQ_1G500_1 fequired. required.

Waveguide MVG SN 32/16 WG8_1 Valld_ated. No cal Valld_ated. No cal
required. required.

L . SN 32/16 \Validated. No cal \Validated. No cal
Liquid transition MVG WGLIQ_1G800B_1 [required. required.

L . SN 32/16 \Validated. No cal \Validated. No cal
Liquid transition MVG WGLIQ_1G800H_1 required. required.

Waveguide MVG SN 32/16 WG10_1 Vallo!ated. No cal Vallo!ated. No cal
required. required.

L . SN 32/16 \Validated. No cal \Validated. No cal
Liquid transition MVG WGLIQ_3G500_1 fequired. required.

Waveguide MVG SN 32/16 WG12_1 Valld_ated. No cal Valld_ated. No cal
required. required.

L. . SN 32/16 \Validated. No cal \Validated. No cal
Liquid transition MVG WGLIQ_5G000_1 fequired. required.

Waveguide MVG SN 32/16 WG14_1 Valld_ated. No cal Valld_ated. No cal
required. required.

L. . SN 32/16 \Validated. No cal \Validated. No cal
Liquid transition MVG WGLIQ_7G000_1 fequired. required.

Temperature / Humidity|  oq1 184 H1 44225320 06/2021 06/2024
Sensor
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