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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model | Calibration Date Date
alidated. No cal alidated. No  call
Flat Phantom MVG SN-20/08-SAM7 1 required, required,
COMOSAR Test Bench Version 3 NA alidated. No cal alidated. No  cal|
required. required.
Network Analyzer Rh"deg‘vi‘:hwa'z SN100132 02/2019 02/2022
Reference Probe MVG EF 94 SN 37/08 1042018 1042021
Multimeter Keithley 2000 1188656 01/2020 01/2023
Signal Generator Agilent E4438C MY49070581 01/2020 01/2023
Amolifier R IR SN 046 Characterized prior to| Characterized prior to
P test. Nocal reguired. |test. No cal required.
Fowser Mater HPF E4418A US38261498 01/2020 01/2023
Fower Sensor HF ECP-E26A US37181460 01/2020 01/2023
; . Characterized prior to| Characterized prior to
BRicEMahial CoBpe e 424521 a13a8 test. No cal required. [test. No cal required.
Waveguide Mega Industries | 089Y7-158-13-712 [Yalidated. No cal allistet, Nocal
required. required,
. . . alidated. No cal alidated. No cal
Waveguide Transition Mega Industries DBYY7-158-13-701 required. required.

; & s ; alidated. No cal alidated. Mo cal
Waveguide Termination] Mega Industries 0B889Y7-158-13-701 Fequired. required.
Temperaé:;ig rH”m'd“y Control Company 150798832 1142020 1142023
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ACCREDITED
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fly Lo\ tion CF

09/29/2021

Summary:

This docurmcent presents the method and results from an aceredited SAR relerence dipole calibration
potlormied in SATIMO USA wing the COMOSAR (est beneh. All calibration resulls are (raccable
o national metrology institutions.
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1 INTRODUCTION

This document containg a summary of the requirements sct forth by the [EELE 1528, GET 65 Bulletin
C and CEFIEC 62209 sandards for reference dipoles used for SAR measurcement system validations
and the measurcments that were performed to verify that the product complics with the fore

mentioncd standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2450 MHz REFERENCLE DIPOLLE
Manutacturer Satimo
Model S1D24350
Serial Number SN 07414 DIP 2G450-306
Produet Condition (new ¢ used) New

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the [EELE 1528, QLT 65 Bullctin
C and CEFIEC 62209 standards. The product is designed for use with the COMOSAR test beneh
only.

Figure 1 — Satimo COMOSAR Validation Dipole

Fage: 411
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4 MEASUREMENT METHOD

The [ELELE 1528, OUT 65 Bulletin C and CEFFIEC 62200 standards provide requirements for
reference dipoles used for system wvalidation measurements.  The following measurcments were
performed to verity that the product complics with the fore mentioned standards.

4.1 BRLETURN LOSS REQUIREMUENTS

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

4.2 MUCHANICAL REQUIREMENTS

The [EEL Std. 15328 and CLEFIEC 62209 standards specify the mcechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test bench employs a 2 mm phantom shell thickness therctore the
dipoles sold for use with the COMOSAR test bench comply with the requirements sct forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertaintics listed below represent an expanded uncertainty expressed at approximatcly the 93%,

confidence level using a coverage factor of k=2, traceable to the Internationally Aceepted Guides to
Measurcment Uncertainty.

5.1  RUETURN LOSS

The tollowing uncertaintics apply to the return loss measurcment:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1 dB

52 DIMENSION MEASUREMENT

The tollowing uncertaintics apply to the dimension measurcments:

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

53 VALIDATION MUEASUREMENT

The guidelines outlined in the IEELE 1328, OUT 65 Bulletin C, CENLELEC EN30361 and CEFIEC
62209 standards were followed to generate the measurement uncertainty  for validation

measurcments.
Sean Yolume Expanded Uncertainty
lg 203 %
10g 20.1 %
Page: 5411
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RUITURN LOSS AND IMPEDANCL

Fregquency, MHz
2420 2440 2460 2480 2500 2520 2550

2350 2380 2400

: |
=15 E [ [ ' ’ : [ |
’ |
.20 - ! ! ! ! ! | !
25~ ‘
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2430 -25.59 -20 4470 -1.1jQ
0.2 MECHANICAL DIMENSIONS
Freguency MHz L mm h mm d mm
requirad measured reguired measured regquired measured
3oo A20.0 1 %, 250.0 £1 %. B.35 £1 %.
450 290.0 £1 %. 166.7 £1 %. 6.35 £1 %.
750 178.0 £1 %. 100.0 £1 %. B.35 £1 %.
835 161.0 £1 %. B9.B +1 %. 3.6 1 %,
500 145.0 £1 %. B3.3 +1 %. 3.6 £1 %,
1450 BR.1 1 %. 51.7 £1 %. 36 1 %,
1500 B0.5 £1 %. 50.0 +1 %. 3.6 1 %.
1840 79.0 +1 %. A3.7 £1 %. 3.6 +1 %,
1750 75.2 £1 %, 42,9 £1 %. 36 1 %,
1800 72.0 11 %. 41,7 £1 %. 3.6 1 %.
1500 B3.0 +1 %. 38.5 +1 %. 3.6 +1 %,
1950 66.3 £1 %. 38.5 +1 %. 3.6 1 %.
2000 B4.5 +1 %. 37.5 +1 %. 3.6 £1 %,
2100 61.0 £1 %. 35.7 £1 %. 3.6 1 %,
2300 55.5 +1 %. 32.6 +1 %. 3.6 +1 %,
2450 515 1 %. PASS 30.4 £1 %. PASS 3.6 +1 %, PASS
2600 48,5 £1 %. 28.8 £1 %. 3.6 1 %,
3000 41,5 +1 %. 25.0 +1 %. 3.6 +1 %,
3500 37.0£1 %, 26.4 +1 %. 3.6 1 %,
3700 34.7+1 %. 26.4 +1 %. 3.6 1 %.
Fage: 6/11
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7  YALIDATION MEASUREMENT

The IEELE Std. 1528, OUT 635 Bulletin C and CEFIEC 62209 standards state that the system
validation measurcments must be performed using a reference dipole mecting the tfore 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 dipolc shall be positioned below the bottom of the phantom, with
the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole at the deseribed distance from the bottom surface of the phantom.

7.1  HEAD LIQUID MEASURLIMENT

Fre:ﬂu:zncy Relative parmittivity (g,") Conductivity [7) 5/m
reguired measured reguired measured
300 45345 % D.B7 £5 %
430 43545 % D.B7 £5 %
750 41.9 45 % D.BY +5 %
335 41545 % 0.50 £5 %
800 41,545 % 097 £5 %
1450 40.5 5 % 12045 %
1500 A0.4 £5 % 12345 %
1840 40,2 +5 % 13145 %
1750 40.1 45 % 137 5%
1300 A0.0 £5 % 1.4AD#5 %
1%00 A0.0 +5 % 140 £5 %
1950 A0.0 45 % 14045 %
2000 A0.0 £5 % 140 #5 %
2100 39.8 5 % 1.49 £5 %
2300 35.5 15 % 167 5%
2450 39.2 45 % PASE 1BO£5 % PASS
2600 35.0 45 % 1.56 5 %
3non 38.5 45 % 240 £5 %
3500 37945 % 209145 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Soliware OPENSAR ¥4
Phantom SN 2009 SAMT]
Probe SN 1811 EPGI22
Liguid Head Liguid Walues: ops’: 39.0sigma @ 1.77
Distance between dipole cenler and liquid 10,0
Arca sean resolulion dx=8rn/dy=8mm
Fage: 717
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Zoon Sean Resolulion dx=§rirn/dy=8m‘de=51mm
Frequency 2450 MHe
Inpul power 20 dBm
Liguid Temperalur: i
Lab Tomperalures 2126
Lab Humidily 45 %

F'e;”:z"w 1 g SAR [W/kg/ W) 10 g SAR [W/kg/W)
reguired measured reguired measurad
] .35 1.54
450 4,58 306
750 B.49 5.55
835 5.56 B.22
800 10.9 5.99
1450 29 16
1500 0.5 16.8
1640 3.2 18.4
1750 6.4 1%.3
1800 B4 20.1
1500 8.7 20.5
1950 40.5 20.9
2000 411 21.1
210 A43.6 21.5
2300 48.7 233
2450 52.4 53.35 (5.35} 24 24.15 [2.42}
2600 55.3 4.6
3000 63.8 5.7
3500 67.1 25

976-
800 \u\ -
2000 Lk %L;U.!

S T N

40 N
|

200 \"““

R R I SO o SuNNN

02 o4 & 10 12 14 16 18 20 22 24 26 28 30

Z |mm)
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7.3 BODY LIQUID MEASURLEMUENT

Fre::j:w Relative parmittivity (&) Conductivity [o) 5/m
reguired measured reguired measured
150 B1.0 45 % D.BD £5 %
300 58.245 % 0.92 45 %
4350 56.7 £5 % D.94 5 %
730 55.5 5 % .96 +5 %
835 55.2 +5 % D.97 £5 %
o000 55.015 % 105 £5 %
015 55.0 45 % 1.06 +5 %
1450 54.0 45 % 13045 %
1610 53.8 15 % 1.40 45 %
18300 53.345 % 152 +5 %
1000 53.3 15 % 15245 %
2000 53.3 5 % 152 45 %
2100 53.2 £5 % 162 +5 %
2430 5275 % PASS 155 +5 % PASS
2600 52.5 45 % 21645 %
3000 52045 % 273454
3500 51.3 45 % 33145%
5200 49.0 £10 % 5.30 +10 %
5300 43.9 10 % 5.42 £10 %
5400 48.7 £10 % 5.53 +10 %
5500 48,6 £10 % 5.65 £10 %
5600 485 £10 % 5.77 +10 %
5800 48.2 £10 % 6.00 +10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Soliware OPENSAR V4
Phantom SN 20/09 SAM7]
Probe SN 18/11 EPGI22
Liquid Body Liguid Valucs: eps’: 53.0sigma: 1.93
Distance between dipole conter and Jiquid 10,0
Arca sean resolulion cda=8nwn/dy=8nm
Zoon Scan Resolulion cda=Hnmn/dy=8mide=51mm
Frequency 2450 MHx
Inpul power 20 dBm
Liguid Temperalure i R
Lab Tomperalurs 2126
Lab Humidily 45 %
Fage: 91171
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Fre:qU:zncv 1 g SAR [W/kg/W) 10 £ SAR [W/kg/W)
measurad measurad
2450 54,85 (5,46} 24,58 (2,46}
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Fre:qU:zncv 1 g SAR [W/kg/W) 10 £ SAR [W/kg/W)
measurad measurad
2450 54,85 (5,46} 24,58 (2,46}
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]

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model | Calibration Date Date
SAM Phantom Satimo SN-20/08-gaM71 [ahdated, Nocal - Malidated. — No - cal)
required. required.
; alidated. Mo cal alidated. No  call|
COMOSAR Test Bench Yersion 3 NA required. required.
Network Analyzer | hode ;Vic"‘warz SN100122 02/2021 02/2024
Calipers Carrera CALIPER-01 122018 1242021
Reference Probe Satimo EPG122 SN 18/11 10/2021 1012022
Multimeter Keithley 2000 1188656 12/2018 122021
Signal Generator Agilent E4438C MY48070581 122018 12/2021
Amplifier o T—— SN 046 Characterized pri_or to |Characterized pri_or to
test. No cal required. |test. No cal required.
FPower Meter HP E4418A US38261498 122018 122021
Power Sensor HPF ECP-E28A Us37181480 1212018 12/2021
s Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01388 test. Nocal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-8 82021 812024
Fage: T/
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Summary:
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1 INTRODUCTION

This document contains a summary of the requirements sct tforth by the [EELE 1528 and CEFIEC
62200 standards for reference waveguides used for SAR measurement system validations and the

mecasurcments that were performed to verify that the product complics with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Tvpe CONMOSAR 5000-6000 MHz REFERENCE WAVEGLIDE
Manutacturer MV(G
Model SW(GA500
Serial Number SN 44916 WGA 43
Product Condition {new ¢ used) | Used

A yearly calibration interval is recommended.

3 FPRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG's COMOSAR Validation Waveguides arc built in accordance to the [EELE 1528 and CE/IEC
62209 standards.
4 MEASUREMENT METHOD

The [EELE 1528 and CEIIEC 62209 standands 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 RLETURN LOSS REQUIREMEINTS

The waveguide used for SAR system validation measurcments and checks must have a rcturn loss of
-8 dB or better. The return loss measurement shall be performed with matching layer placed in the
open end of the waveguide, with the waveguide and matching layer in dircet contact with the
phantom shell as outlined in the fore mentioned standards.

4.2 MUECHANICAL REQUIREMENTS

The [EELE 1528 and CEFIEC 62209 standards specify the mechanical dimensions of the validation
waveguide, the speeificd dimensions arc as shown in Scction 6.2, Figure 1 shows how the
dimensions relate to the physical construction of the waveguide.

Fage: 4/13
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5 MEASUREMENT UNCERTAINTY

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

5.1 RUETURN LOSS

The following uncertaintics apply to the return loss measurcment:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1 dB

5.2 DIMENSION MEASUREMENT

The following uncertaintics apply to the dimension measurcments:

Length (mm) Expanded Uncertainty on Length

3-300 0.05 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the [IEEE 1528 and CEFIEC 62209 standards were followed to gencrate
the measurcment uncertainty for validation measurements.

Sean Yolume Expanded Uncertainty
10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RUETURN LOSSE IN HEAD LIQUID
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Frequency (MHz) | Return Loss (dB) | Reqguirement (dB) Impedance
5200 -9.15 -8 20571+ 11.55jQ
5400 -11.21 -8 75270 +4.08Q
5600 -14.50 -8 3391 Q-8.72j0
5800 -12.26 -8 53.07 0 +2341Q
6.2 RUITURN LOSS IN BODY LIQUID

S11.dB

5200 5300

Frequency (MHz) | Return Loss (dB) | Reguirement (dB) Impedance
5200 -8.59 -8 1938 Q2+ 13.50 )02
5400 -10.58 -8 77130 +1.81jQ
5600 -13.39 -8 30950 -7.75jQ
5800 -11.37 -8 5479 +2547 jQ
0.3 MECHANICAL DIMENSIONS
Frequetc L imm) W imm) Lsimm) Wrimm) T imm)
\.- (5.1”7) Reguire | Measure Regquire | Measure Regquire | Measure | Reguire | Measure | Regquire | Measure
AR d d d d d d d d d d
- 4039 - 20019 - 8103 - 6LO% e -
5200 013 PPASS 13 PASS 013 PASS 013 PASS 5.37 PASS
i 4039 20009 - 83— nLO8 _ .
5800 b3 FASS 13 PASS L PASS 013 PASS 4.34 PASS

* The tolerance (ov the matching layer is included in the retum loss measurement.
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Matching layer

Figure 1: Validation Waveguide Dimensions

7  VALIDATION MEASUREMENT

The [EELE Std. 1528 and CLEFIEC 62209 standards state that the svstem validation measurcments
must be performed using a reference waveguide mecting the fore mentioned return loss and
mecchanical dimension requirements.  The wvalidation measurement must be performed with the
matching laver placed in the open end of the waveguide, with the waveguide and matching laver in
dircet contact with the phantom shell.

7.1 HEAD LIQUID MEASUREMENT

Fre:iluHe;:y Relative permittivity (&) Conductivity (o) S/m
reguired measured reguired measured

5000 36.2 £10 % 4.45 £10 %
5100 36.1+10% 4.56 £10 %
5200 36.0+10% PASS 4.66 10 % PASS
5300 35.9+10% 4.76 £10 %
5400 35.8+10% PASS 4.36 £10 % PASS
5500 35.6+£10% 4.97 £10%
5600 35.5+10% PASS 5.07 £10 % PASS
5700 354 +10% 5.17 £+10 %
5800 35.3+10% PASS 5.27 £10 % PASS
5500 35.2+10% 5.35 10 %
6000 35.1+10% 5.48 £10 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

At those frequencics, the target SAR valuc can not be gencric. Hercunder is the target SAR valuc
defined by MVG, within the uncertainty tor the system validation.  All 8AR valucs arc normalized
to 1 W nct powcer. In bracket, the measurcd SAR is given with the used input power.
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Sotftwarc QOPENSAR V4

Phantom SN 20409 SAMT!

Probe SN 1811 EPG122

Liquid Head Liquid Walues 5200 MHz: cps' :35.64 sigria : 4.67

o

Head Liguid Values 5400 MHz cps' :36.44 sigmia @ 4.87

Head Liguid Values 5600 MHz: cps' :36.66 sigma: 5,17
Head Liguid Walues 3800 MHe: cps' (3531 sigmia: 5.31

)

Distance between dipole waveguide and liquid

[}

Arca scan resolution

dx=8mm/dy=8nm

Zoon Scan Resolution

da=dnm/dy=4m‘de=2nmm

Report No.: LCS211125008AEB

400~

Fr‘cqucncy 5200 MHe
5400 MHe
5600 MHz
5800 MHe
[nput power 20 dBm
Liquid Temperature 170
Lab Temperature 1 7C
Lab Humidity 45 %
lrequency (MHz) 1 o SAR (Wikg) 10 5 SAR (Wikg)
required measured required measured
5200 159.00 165.77 (16.58) 56.90 ST.20(5.72)
5400 166.40 173.20 (17.32) 58.43 39.22 (5.92)
5600 173.80 179.61 (17.96) 59.97 00.98 (6.10)
5800 181.20 186.77 (18.68) 61.50 62.84 (6.28)
SAR MEASUREMENT PLOTS @ 5200 MHz
“E-

e
|

SAR [Whal
= B
=
/

=

=1
]
s
=

21 1618 D 2 oA X

Z [rmen)
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7.3 BODY LIQUID MUEASUREMENT

Fre::f:w Relative permittivity (&) Conductivity [o) 5/m
reguired measured regquired measured

3200 A9.0 £10 % PASS 5.30 £10 % PASS
5300 43.9 £10 % 5.42 £10 %
5400 48.7 £10 % PASS 5.53 +10 % PASS
5500 48,6 £10 % 5.65 +10 %
3600 48.5 +10 % PASS 5.77 10 % PASS
5800 A8.2 £10 % PASS B.00 £10 % PASS

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Softwarce OPENSAR V4

Phantom SN 20609 SAMT]

Probe SN 18/11 EPGI22

Liquid Body Liquid ¥alucs 5200 MHz: cps' :48.64 sigmia : 5.5]

Body Liguid Values 3400 MHz: eps' (4652 sigma: 577
Body Liguid Values 53600 MHz: eps' :46.79 sigma : 577
Body Liguid WValues 3800 MHz: eps’ (47,04 sigma s 6.10
{0 tuira

Distance between dipole waveguide and liquid
Arca scan resolution
Zoon Scan Resolution

dx=8mum’dy=8 1
da=dnm/dy=4mide=2nm

l'requency 5200 MHz
5400 MHz
5600 MHz:
5800 MHx
[nput power 20 dBm
Liquid Temperature 210
Lab Temperature SR
Lab Humidity 45 %

lrequency (MHz) 1 g SAR (Wikg) 10 g SAR (Wikg)
measurcd measurcd
5200 159.00 (15.91) 56.13(5.61)
5400 164.56 (16.46) 57.31(5.73)
5600 172.25 (17.23) 59.72 (5.97)
3800 177.77 (17.78) 61.06 (6.11)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

E quipment Manufacturer / Identification No Current Next Calibration
Description Model | Calibration Date Date
alidated. No cal alidated. No cal|
Flat Fhantaom MVYG SN-20/08-SAMT 1 required. required.,
COMOSAR Test Bench|  Version 3 NA Allcated: heregl.  allated., N gl
Fequired. required.
Network Analyzer Rh"de;‘vic'“warz SN100132 06/2021 0612024
Calipers Carrera CALIPER-01 0142020 0142023
Reference Probe MVG EPG122 SN 18/11 08/2021 0812022
Multimeter Keithley 2000 1188656 01/2020 0142023
Signal Generator Agilent E4435C MY48070581 01/2020 01/2023
Amplifier T SN 046 Characterized pri_crr to|Characterized pri_or to
test. No cal required. (test. No cal required.
Power Meter HF E4418A US38261498 1142020 1142023
Power Sensor HP ECP-E26A US37181460 01/2020 01/2023
Directional Coupler | Narda 4216-20 01386 Charsctarized prioy 15 Chiraticrized piick 1o
test. Mo cal reguired. (test. No cal reguired.
Temperature and
Humidity Sensor Control Company 1507498632 1142020 1142023
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6. EUT TEST PHOTOGRAPHS
6.1 Photograph of liquid depth

Photograph of the depth in the Body Phantom (2450MHz, 15.8cm depth)

Photograph of the depth in the Body Phantom (5200MHz, 16.2cm depth)
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Photograph of the depth in the Body Phantom (5300MHz, 16.1cm depth)

Photograph of the depth in the Body Phantom (5500MHz, 15.5cm depth)
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Photograph of the depth in the Body Phantom (5800MHz, 15.4cm depth)
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otograph of the Test

Next — to — Mouth Exposure Conditions
Flat / Front (10mm)

Nk

Extremity Exposure Conditions
Flat / Rear (Omm)
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7. EUT PHOTOGRAPHS

[ WIFI Antenna ]

\\\\\%\\\&'\ NN
=

Fig.2
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NFC Antenna
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