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1 INTRODUCTION

This decument contains o summary of the requirements el furth by the [EEE 528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed o verify that the produce complies with the fore mentioned

standards,
2 DEVICE UNDER TEST
Device Under Test
Device Tvpe COMOSAR 1800 MHz REFERENCE DIFOLE
Muanufacturer MVG
Model SID1E00
Serial Number SN 1615 DIP 1GE0-371
Product Condition {new / used) Used

A yearly calibration mterval is recommended.

E PRODUCT DESCRIFTION

il GENERAL INFORMA TTON

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

Figure 1 = MI'G COMOSAR Validasion Dipole
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4 MEASUREMENT METHOD

The IEEE 15328, FCC KDBs and CELIEC 62209 standurds provide requirements for reference
dipoles used for system volidation messurements, The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retumn loss of 220
dB or better. The return loss measurement shall be performed agnnst o lguid filled flar phantom,
with the phantom constucted &s outlined in the fore mentioned studonds.

42 MECHANICAL REQUIREMENTS

The [EEE Std. 528 and CEVIEC 62200 sandards specify the mechamical components and
dimenssons of the validation dipoles, with the dimensions frequency and phonton shell thickness
dependent.  The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR 1est bench comply with the requirements set forth for o 2
min phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertmmnties listed below represent an expanded uncertnmty expressed ot approXimately the 93%
confidence leve| using a coverage factor of k=2, traceable 1o the Internonionally Aceepted Gudes to
Measurement Uncertmnty.

i1 RETURN LOSS

The following uncertainties apply o the return loss mersurement;

Freguency hand Expanded Uncertainty on Return Loss
ATHB-HH RN Hz .1 d8

52  DIMENSION MEASUREMENT

The following uncertuinties apply to the dimension measurements:

Length {mm) Expanded U'neertainty on Length

3 - 300 (.05 mm

533 MALIDATION MEASUREMENT

The guidelines outlined in the [EEE [528, FCOU KDBs, CENELEC EN30361 and CEVIEC 62204
standards were followed 1o generate the measurement uncertal nty for validation measurements.

Sean Volome Expanded Uncertainiy
g 203 %
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10g 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Fraquency, MHz

170 17E0 I.'-_{-'_I I-:l_,'-l] ISI.'::I 10 VB0

1700

1720

Hotline: 400-6611-140 _ Tel: 86-755-27673339

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1500 -36.92 -20 453 02 - 0.5 102
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUIDY
Fiequsncy. MHz
1700 1720 1780 1760 9780 1800 1620 1640 1BED 108D 1900

o=

5

£0

100

125-

o 150
* 175

S

rrd by

50

275

Al

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
L &0 -24.67 =20 47601 -5.1 102
6.3 MECHANICAL DIMENSIONS
Frequency b Hz L rmm i rmam d mm
required measured required measured required measured
200 AN 21 % 2500 £1 % £.35 11%
Page: 611
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450 200.0 #1 % 166.7 +1%. 6.5 41 %.
750 176.0 #1 % 1000 +1 B 6.35 11 %,
B35 161.0 21 % HOE 1% 163l %
200 1400 21 % 1311 % 163l %
1450 BO.1+1 % TR 161 %
1500 BO.5 +1 % G000 41 % 161 %
1640 .0+ % 45711 % 161 %
1750 75241 % 4F 041 % 161 %
1800 720 % PASS 41T % Fass 168 % PASS
1600 BA.0+1% 105 21 % 162l %
1850 B6.3 +1% 185 21 % 162l %
2000 B4.5 +1% 17531 % 1631 %
2100 61.0+1% 157 11 % 1631 %
2300 55.5 +1 % 12631 % 1631 %
2450 515 +1% 0.4 21 % 1631 %
2600 485 1% JHE 11 % 1631 %
3000 41541 % 5.0 11 % 1631 %
31500 I7.061 % 6.4 21 % 1681 %
3700 MK 6.4 31 % 1631 %

T  VALIDATION MEASUREMENT

The IEEE Std. 1328, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquad filled flat phantom, with the phantom constructed as outlined 10 the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom. with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

E
"M""I 1’;""' Relative permittivity (8] Conductivity 2] S/m
required m d reguired ed
3] 45.325% 0,87 =5 %
450 41525% 0,87 =5 %
750 41025% 0,59 =5 %
835 41525 % 0,50 =5 %
a1 41525% 0,57 =5 %
1450 40525 % 17025 %
1500 40425 % 17355%
1640 40225 % 13155 %
1750 40125% 13755 %
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1800 0025 % PASS 14025 % PAES
1900 025 % 1.40 25 %
1950 025 % 1.40 25 %
oo 025 % 1.40 25 %
100 ELEELY 14925 %
1300 I05s5% 16725 %
2450 302s5% 1805 %
2500 00s5% 10625 %
3000 IB525% 24025 %
3500 170:5% 200 5%

72

SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the

uncerfainty for the svstem validation.

bracket, the measured SAR 15 mven with the used input power,

All SAR values are normalized to 1 W forward power. In

Software OPENSAR V4

Phantom SN 2009 BAMTI

Probe SN I8 EPGL Y2

Liguid Head Liguid Valoes: eps’ - 41.8 sigma : 138

Diistance between dipole cemter and liquad

100 mm

AfCa scan I:ll:hnl.ll.lll i'.l:l

du=Remm/dv=Rmm

Zoon Scan Resolution

dx=EBmm/dy=8mm/dz=5mm

Froquency 1800 MHz
Inpst power 20} dBm
Ligquid Temperanene 217
Lab Tenyperature 21 °C
Lab Humidity 45 %
Fm:.,‘:m 1 g SAR (W/kg/W) 10 g SAR (W kW)
required mieasured required measured
0 285 1.4
450 4.58 106
750 549 5.55
835 9.56 B.22
a0 ing 6.99
1450 29 16
1500 ans 16.8
1640 342 18.4
1750 364 193
1800 3E4 ITET3.60) 20.1 20.23 (2.15)
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1900 0.7 205
1950 405 09
2000 411 211
2100 436 219
2300 487 233
2450 524 24

2600 553 246
000 61.8 57
3500 67.1 25

\ il i

o
1N
e
& o IS
Il\“"--.
1:l.r H".":r-....:________ -
= i 4 E f '_i '-EI - R LR | 1]
7.3 BODY LIQUID MEASUREMENT
F"’:::im' Relative permitthvity (8] Conductivity (3} Sfm
required measured requined measured

150) 1025 % 0.80 #5 %
300 SRIs5% 0.92 35 %
450 6785 % 0.34 35 %
750 SEEE5% 0.06 5 %
k35 E5285% 0.097 35 %
900 E5 085 % 1.05 #5 %
915 E5085% 1.06 #5 %
1450 E4De5% 1.3 #5 %
1610 E1E85% 1.400 #5 %

1 B £33856% PASS 152 #5 % PASS
1900 £3385% 152 #5 %
2000 £33856% 152 #5 %
2100 £§3285% 162 #5 %
2450 E17#5% 1.05 o5 %
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2600 52525% 21615 %
3000 S2025% 27185%
3500 51325% I3 5%
5200 40.0510% 530 +10%
5300 48.9 #10 % 5.47 +10 %
54400 487 10 % 553 +10 %
3500 46 $10% 5.65 +10%
5600 485 $10% 577 +10%
3800 482 510% .00 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LICQUID

Sofiware OPENSAR V4

Phantiom SN 20VD9 SAMTI

Probe SM 1811 EPGL 22

|..j|.|u||J Body l.iqujd Walues -u|'l:\.' 53.0 siprma : | 52

Distance berween dipole center and liquid

100 mm

Area scan resolution

dx=Rmm/'dy=HRiuem

Loon Scan Reseluion

dx=Rmm/dy=EBmm/dz=53mm

Froquency 1800 MHz
lnput power 20 dBm
Lj|.|u||.1 T-ull:p;lulllll.' 21 L
Lab Temperatuse 21 *C
Lab Humidity 45 %
Freque
grvrcgis 1 g SAR (W/kg/W) 10 g SAR (W /kg/ W)
measured measured
1800 37.69 (1.65) 2057 [2.00)
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B

LIST OF EQUIFMENT

Equipment Summary Sheet

ment f; Jentificat] u Calibra
Equip Manulacturer / I No. Current Next Calibration
Deseription Maodel Calibration Date Date
SAM Phantom MVG s [Bame. Noohl | vasdles. o Te
Faquired. requirad.
COMOSAR Test Bench Version 3 NA brcarrrpukaa e A - il e
required. requirad.
Natwork Anatyzer | Too08 ;Vi":h“rz SN100132 02/2021 Dzi2024
Calipers Carrara CALIPER-O1 02r2021 0272024
Reference Proba MVE EPG122 SN 1811 0272021 02i2022
Multimater Keithiley 2000 11885656 0272021 022024
Signal Generalor Agilent E4438C MY 42070581 0272021 02/2024
i Characlerized prior lo|Characlerized prior to
et fhamome S e lesl. Wo cal required. |lest. Mo cal required.
Powar Mater HP Ed44 184 US38261498 0272021 022024
Power Sansor HP ECP-E28A US37181480 0272021 02/2024
2 i Characlerized prior lo|Characlerized prior to
Ancions: Caupier MONdaHENG-21) (9308 tesl. Mo cal required. |test. No cal required.
Temperalure and
Humidity Sensor Control Campany 11-661-9 0272021 0272024
Fage: 11411
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ISAR Reference Dipole Calibration Report

Ref: ACR.156.7.15.SATUA

SHENZHEN TCT TESTING TECHNOLOGY CO., LTD

210182201, ZHENCHANG FACTORY, RENSHAN INDUSTRIAL
ZONE, FUHAI SUBDISTRICT, BAOAN DISTRICT, SHENZHEN,
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHZ
SERIAL NO.: SN 16/15 DIP 1G900-372

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

; ACCREDITED
Calibration Date: 06/05/2022

Summary:

This dociment presents the method and nesclts from an aceredited SAR reference dipole calibraton
perfomed m MY USA wsing the OOMOSAR test bench.  All calsbrabion results are raceuble 1o
matiom] metrdsgy imiiulsons
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Red

ACR. | %715 5ATLLA

Name Function Dare Signaoture
Prepared by : Jérome LUC Product Manager 0a/05/2022 _}"-;
L= —
Checked by : Jerome LUC Product Manager 06052022 :}5'
Approved by - Kim RUTKOWSKI Cuality Manager 6052022 /

Customer Name

Distribution :

SHENZHEMN TCT TESTING
TECHNOLOGY OO, LTD

Issue Dhate

Modifications

A De052022 Imitial release
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1 INTRODUCTION

This document comtams a summary of the requrements set forth by the [EEE 1528, FCC KDBs pnad
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations amd
the measuremenis that were performed to verify thai the product complies with the fore menboned
stundurds.

1 DEVICE UNDER TEST
Davice Under Test
Device Type COMOSAR 1900 Mz REFERENCE DIFOLE
Manufacturer MYG
Model =TT
Serial Number SN IH/1S DIP 1GS0-372
Product Condrbion (new [ used) Used

A yearly cohibration mterval is recommended.
3 PRODUCT DESCRIPTION

L | GENER AL INFORMATION

MWVGTs COMOSAR Validation Dipoles are bult m sccordence o the IEEE 1528, FOC KDBs and
CEVIEC 62208 standards. The prodisct 15 designed for use with the COMOSAR test bench only.

Figore 1— W10 COMOSER Validation Dipole

Page: 4411
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4 MEASUREMENT METHOD

The [EEE 1528, FOU KDHs and CEVIEC 62209 stendards provide requirements for reference
dipoles used for system validution messurements.  The following messurements were performed 1o
verify that the product complies with the fore mentioned standards.

41 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation messurements and checks must have a return loss of -24
dB or better. The return loss measurement shall be performed against a liquid filled flnt phantom,
with the phaniom constucted as oothned i the fore mentioned standards.

42 MECHANICAL RECUTRFMENTS

The IEEE Std. 1528 smd CEUIEC 62209 smandards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test bench employs a 2 mm phantom shell thickness therefire the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertninties listed below represent mn expanded uncertamty expressed at approumately the 95%
confidence level using o coverage foctor of k=2, truceable o the Intermabionally Accepted Gindes 1o
Measurement Uncertumty,

51 RETURN LOSS

The followmg uncertmmties apply 1o the return foss measurement:

Freguency hand Expanded Uncertainty on Return Liss

400-6000M H .1 dB

52 DIMENSION MEASUREMENT

The following uncertaintics opply to the dimension measurements:

Length (mm) Expanded Uncertainty on Lengih
3-300 (105 mm

53 VAL IDATION MEASUREMENT
The pusdelines outlmed m the [EEE 1528, FOC EDBs, CENELEC EN5036]1 ond CEVIEC 622049

stundards were followed to senemie the measuremen! uncertnmiy for vilidation messurements.

Scan Volume Expanded Uncertainty
lg 203 %
Page: 5001
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||i.1_5

2.1 %

6 CALIBRATION MEASUREMENT RESULTS

fi.l

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MH:z
B 1]

1300 1990 1540 1980 1980

Frequency (MHz) Return Loss (dB) Reguirement (dB) Impedance
1900 -25.64 =20 51602 +4090
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frammseoy, MHz
1800 1570 IB4D  1ERD  18E0 T 1340 130 19E)  J00

511,48

1500

Frequency (MHz) Return Loss (dB) Reguirement (dB ) Impedance
1900 -23.50 -20 48,501+ 6402
6.3 MECHANICAL DIMENSIONS
Frequency Mz Lmm b mim dmm
required measured required measuned required measured
300 42001 % 500 41 %. B35 1N
Fage: &1 1
e Poraeor ek e o oo ko
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450 500 LR 1567 41 % LR *
o IO e S 00 1 % BTN
LEL I614F 1 % H9H 1'% EELR
a0 1490 &1 % LEEERE 4 1h1SN
1450 Hlil% 5174 % 1kl %
1500 BlA 1 E0L0 #1% Ihs1W
140 Mil% 157 +1% 1GheA%N
1730 A FELE S 419 41N Ah£AN
180D Troei N 41Tl ik N
1800 [STEREY PSS ELLRI R PASE 1hs1% PRES
1450 Bdil% HAS IR AR 1E N
ol e [CE-E5 41 ATHrl% 1h1SN
nm Elf:l'% 1574 % 1kl %
230 S56 1M 316 £ N IhETW
1350 51641 04 £1 N 1heA%N
200 LERESE ImA4N Ah2AN
2000 41541 % 1520 ¢1 % FEES R
3500 ITHIN 68 1% XL
v M IE1R 2b4 1'% EELR

7 VALIDATION MEASUREMENT
The |EFE Sud [528. FOC KDBs snd CEVIEC 6220% stondards state that the system validation

measurements must be performed wsing a reference dipole meeting the fore mentioned return foss
und mechsnicsl dimension requirements.  The validution messurement must be performed agamst a
liguid filled flat phantom, with the phantom constructed os outlined in the fore mentioned stendards.
Per the stondards, the dipole shall be posinoned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phontom. with the top surface of the
dipole at the described distunce from the bottom surface of the phontem

7.1 HEAD LIOUTD MEASUREMENT

H.FT'::“ Relative permittivity (m°) Conductivity [o] 5/m
reguired meased reguired messred
X 45,3135 '% QAT e5 N
L] LERE 3 4 AT SN
750 1.9 25N QLES LR
Hi5 41545 % Q80 5%
k] 41545 % 08y s
1450 405 8 W LIDES™
1500 40445 % 12355
P ] 40.2 5% 13iehw
1780 40.1 5% 137N
Page- T/}
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1800 400 25 % 14805 %
1900 400 25 % Past 1.0 #5% Past
1950 400 £5 % 140 £5%
2000 400 S ® 190 £5%
2100 E-8. F L% 1 145 £5%
2300 E-RF LR Y 16T 5%
2450 [ 2E5% 1.0 £5 %
2600 I0ES% 156+5%
3000 JA55% 2A0 #5 %
1500 3T +5% 291 #5%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQLUTD

The IEEE Std. 1528 and CELIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertamty for the system validation. All 3AR values are normalized to | W forward power. In
bracket, the measured SAR is given with the used input power.

Soflware (PENSAR V4
Phantom SN 20K SAMTI
Probe S5M 1R/11 ERGI122
Liguid Head Lagusd Values: eps’ : 4.4 saypma - 1.41
stance between dipode center and haguisd 10.0 mm
Aren scan resolution dx=Emmdy=Hom
Loon Scan Resolslion dx=Kmm'dy=Emm/dr=5mm
Froquency 1506 M
Impial power 20 dBm
Ligund Temperure rd
Lab Temperalure 210
Lab Humidiny 45 %
Er'::‘l:““ 1 g SAR [W/kg/W] 10 g SAR [W/lgz'W)
H
reguired measured required measured
£l 2.85 1854
450 458 .06
750 845 5.5%
B35 9.56 6.2l
500 L] 699
1350 24 16
1500 35 168
1540 34.2 184
1750 k4 19.3
1801 344 2.1

i e Fiprrodlicdd, eids

il Bratli 4 I gt e

T Wi e it
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1500 3.7 19 26 {185} 25 .49 (212)
1950 &5 209

2000 41.1 21.1

2100 436 219

2300 48.7 2313

2350 52.4 24

2600 55.3 246

000 LiER- 25.7

500 L | 25

: I, |
5 ko
.
5 1o — g -]
x I 2
[ T
i 1 T B = .

1.3 BODY LIQUID MEASUREMENT

Erl::‘u':m:.' Relative permittivity (&'] Conductivity (o] Sfim
required measured required mesasured
150 BLY 5% 080 45 %
300 B0 745 % 08285 %
450 55745 % 08445 %
T50 EEE4E N 086 85 %
815 LIS 087 L5 %
S0 EE045 % 105 55%
015 EE.0 45 % 1.06 55 %
1450 SA045% 13085 %
1610 53045 % 140 55%
| Bk S1345% 152 45%
190 LEEFLT PALS 152 +5% BASS
2000k 3345 % 18388 %
2100 LERFIE 16355 %
2450 E3TI5% 19555 %
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2600 SI55%
3000 SI045%
3500 8138
5200 480 410 %
5300 A% 0 420 %
5400 45 7 410%
5500 A% 5 410%
S600 48 5 410%
SR00 45 2 410%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Salflware OPENSAR V4
Fhunlom SM 2V SAMTI
Probe SM1R/1] ERGIX2
Liguad Boady Liquid Valwes eps’ - 539 sienm : 1.35
[hslance betwieen dipode center and hagud 100 oy
Arnea scan resolulion ax=Emm'dy=Kmam
Loon Scan Resolution =B dy=Bmm dr=Smm
Freguency 1My Mz
Inpul power 20 dBm
Ligind Tempimlime 21.%C
Lab Temperatun: 21
Lab Humidity 45 %
Er’::":!"“ 1 g SAR W/ hg/W) 10 g SAR [W/kg/w)
mzasured meazured
1500 J8.71 [3.70] InE3 (213

3 .
5 N
A - +
=
; SERERE|
3 \‘T‘.\“‘\“-‘_I
= . ] = |
i ] ¥ |

|"'||'_l(:'. focly
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& LIST OF EQUIFMENT

Equipment Summary Sheet

Hotline: 400-6611-140

Equipment Manuofacturer / Current Next Calibration
Description Modet  [ldentification No.| o gy o tion Date Date
Malidated. Mo cal (Walidated. Mo cal
SAM Phantom MVG SN-2N0S-5AMTY required. required.
COMOSAR TestBench|  Version 3 NA Nttt Naak:  [Eeaie: =Nk
required. required.
Metwork Analyzer | Fonode Eﬁ,i““m SN100132 0272021 0272024
Calipers Carrera CALIPER-01 par2021 0272024
Reference Probe MVGE EPG122 5N 1811 n2/2021 n22oz2
Multimetar Keithley 2000 1188656 022021 0272024
Signal Generator Agient E4438C MY 49070581 022021 0272024
. Characterized prior to|Characterized prior to
Ampiior Aoy h e test. Mo cal required. |test. Mo cal required.
Power Meter HF E44184 U538261498 02/2024 0272024
Power Sensor HP ECP-E26A US3T181460 022021 022024
- Characterized prior to|Characterized prior to
Directional Coupler Narda 4216-20 01386 test Mo cal required. |test. Mo cal required.
Temperature and
Hmp:{w B Conirol Company 11-661-9 022021 022024
Page: 11711
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ISAR Reference Dipole Calibration Report

Ref: ACR.1536.9.15.SATU.A

SHENZHEN TCT TESTING TECHNOLOGY CO.,LTD

2101&2201, ZHENCHANG FACTORY, RENSHAN INDUSTRIAL
FUHAI SUBDISTRICT, BAOAN DISTRICT, SHENZHEN,
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA

MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 2450 MHZ
SERIAL NO.: SN 16/15 DIP 2G450-374

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

e -+ [ACCREDITED]
T IR SSentrait Rk

Calibration Date: 06/05/2022

Sy

This document presents the method and results from an acceredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All calibration results are traceable to
matbenal metrology mstitutions.
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Name Funcrion Date Signature
Prepared by . Jérome LUC Product Manager 0&05/2022 ;"5
Checked by | Jérdme LUC Product Manager 06/03/2022 ’”:::_'_.'r
Approved by Kim RUTKOWSKI Quality Manager 06/05/2022 | Fuat il 1)

Customer Name

SHENZHEN TCT TESTING
TECHNOLOGY CO., LTD

Dhseribution

Issue Daie Modificanons
A 06052022 Imtal release
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SAR REFERENCE THPOLE CALTBRATION REPORT Bl AUH. 1384 112471

1 INTRODUICTION

Thus document contans o summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement svstem validations and

the mexsurements that were performed to venfy that the product comiplies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Undar Test
Device Type COMOSAR 3450 MHz REFERENCE DIFOLE
Muanufacturer MVG
Model SID24 50
Serinl Number SN 1615 DIP 2G450-374
Product Condition (new / used) Used

A yvearly calibration interval is recommended,

| FRODUCT DESCRIFTION

3:1 GENERAL INFORMATION

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

Figure 1 - MG COMOSAR Falidation Dipofe

Page: 4/11
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4 MEASUREMENT METHOD

The IEEE 1528, FCOC KDBs ond CEVIEC 62209 standards provide requirements for reference
dipoles used for system validohon messurements. The following measurements were performed 1o
vertfy that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validotion measurements ond checks must have a retum loss of -20
dB or better. The return loss messurement shall be performed ogmnst o liguid fGlled ot phontom,
with the phantom constucted s outlined in the fore mentioned stundands.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
min phantom shell thickness.

5 MEASUREMENT UNUERTAINTY

All uncertmnties listed below represent an expanded uncertmnty ex pressed at approximately the 95%
confidence level using o coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertuinties apply to the retum loss mexsunement:

Frequency hand Expanded Uncertainty on Return Loss
AW HHIMHz 0.1d8

3.2 DIMENSION MEASUREMENT

The following uncertyinties apply o the dimension measuremenis:

Length (mm) Expanded Uncertainty on Length
3-300 0.03 mm

33 NMALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FOC KDBs, CENELEC EN30361 and CEVTEC 62209
standards were followed to generte the measurement uncertainty for vahdation measurements.
Secan Volume Expanded Uncertainty

g 203 %

Page: 5/11
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10g

2001 %o

[

6.1

CALIBRATION MEASUREMENT RESULTS

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

230

Frevpasrcy, MHz

20 a0 2

Mé)  MED  MBO 2500

250

2550

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

2450

-29.05

20

46702 - 0.2 103

6.2

RETURN LOSS AND IMPEDANCE [N BODY LIQUID

30

Fraquency, MH;

20 0 2

M40 MED  MBD 2500 253

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -32.836 =20 48.6 03 - 1.9 02
6.3 MECHANICAL DIMENSIONS
Frequency MHz L ey h d rien
required measured required measured required measured
300 420.0#1 % 250.0 #1 % 6.35 41 %
Page: 611
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450 200.0 #1 % 166.7 #1 % 61541 %
750 176.0 #1 % 100.0 #1 %. 6541 %
g35 161.0 #1 % ROE 1%, 1681%
%00 149.0 #1 % [PEREE ] 1681%
1450 9.1 #1 % 517419 1681%
1500 805 #1% S0.0 1%, 1681%
1640 79.0 #1% BETHE 1681%
1750 TSN A2GHH 1681%
1800 TR0 1% NTHE 1681%
1000 BH.0 #1 % 106 41 %, 1681%
1950 B6.3 #1%. I65 41K, 1681%
2000 G5 #1% 17541 K. 1681%
2100 L0 #1% IS T4 K 1641%
2300 555 #1% 12641 %, 1641%
2450 E15+1% PASE 0.4 41 % Fass 1641 % PASS
2600 485 #1 % JE 41N 1641%
000 5% 25041 %, 1641%
3500 17.081 % J6.4 41 %, 1641%
3700 14 741 % 164 41, 1641%

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 vahidation measurement must be performed against a
liguid filled flat phantom. with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flal phantom, with the top surface of the
dipole at the descnbed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Frm""" Relative permittivity (8] Conductivity () S/m
reguired medsuned required measred
30 453:5% DET =5 %
A5 43585 % DET =5 %
750 41 Ga5 % 0.ED =5 %
8IS 41 585 % 0.90 25 %
O] 41 585 % 0.97 =5 %
1450 40525 % 1.00 85 %
1500 40.4 5% 1.2385 %
1640 40235 % 1.3185%
1750 40.1 5% 13785 %
Page: 711
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1800 400 $5% 1.40 25 %
1900 400 £5% 1.40 25 %
1950 400 £5% 1.40 25 %
2000 400 £5% 1.40 25 %
200 108 £5% 14085 %
2300 305 25 % 16725 %
2450 302 $5% PASS 1.80 25 % PASS
2600 30.025% 19655 %
3000 IB525% 24025 %
3500 I79:5% 20185 %

72 SAR MEASURFMENT RESULT WITH HEAD LIQUID

The IEEE 5td. 1328 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the svstem validation. All SAR values are normalized to 1 W forward power. In
bracket. the measured SAR 15 miven with the wsed input power.

Software OPENSAR V4
Phantom SN 209 SAMTI
Probe SN 1811 EMG122
Liguid Head Liguid Values: eps’ - 38.3 sigma : 18D
Distance between dipole center and liguid 1020 mm
Arca scan resolution dx=8mm/dy=Rmm
.ZI.H.'II:I EL'-\!:I RL"K_'FI ij|1 'Jj. > 5|'|:I|t|. 'J"a £ :-\l THI¥L Ij? —S:I 1N
Frequency 2450 MHz
Input power 20 dBm
Liguid Termperanere 21 °C
Labs Ternperature 218
Lab Humidity 45 %
E
":';;‘:;'"" 1 g SAR (W, kg/ W] 10 g SAR (W kg W)
required measured reguired measured
300 185 1.5
450 4.58 .06
750 BA49 555
835 9.56 G232
900 1049 699
1450 29 16
1500 305 16.8
1640 3a.2 18.4
1750 3g4 193
1800 ig4 201

Y bervdn is i be used ovely for dhe pr
e pelened in wiole or par without wriren appreval of AP
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1300 37 205

13950 405 209

000 411 11

2100 436 149

2300 4R7 233

2450 524 5326 |5.3E) 24 2415 (2.49)
2600 5513 246

3000 G318 257

3500 G671 25

Hotline: 400-6611-140

b
e 8
- T ‘ R RR :HT‘J EHX
7.3 BODY LIQUID MEASUREMENT
F'”:m""" Relative permittivity (8] Canductivity {2] S/m
reguired messured regquired s e esd

150 E1.925% 0.80 #5 %
300 SE285% 0.82 $5 %
450 56.7£5% 0.94 55 %
750 E5525% 0.95 £5 %
k35 E5285% 0.97 £5 %
90 S5025% 1.05 +5 %
915 55.025% 1.06 =5 %
1450 S4.025% 1.30 35 %
1610 51Bs5% 1.40 25 %
[ 800 53.385% 15235 %
1900 53.385% 15235 %
2000 53.385% 15235 %
2100 53285% 162 5%

2430 52735% PASS 1.95 35 % PSS

Page: W11
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2600 E15s5% 21645 %
3000 20:5% 27385 %
3500 51355% 3I15%
5200 49.0 10 % 5.30 $10'%
5300 489 210 % 5.42 $10%
5400 487 +10% 5.53 $10%
5500 48610 % 5.65 £10'%
5600 485 210 % 577 +10%
5800 482 +10% .00 $10%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20008 SAMTI

Probe SN IR EMGLY2

Liiguid Body Liquid Valoes: eps” | 32,7 sigrms @ 1.94

Diistanes between dipole center and liquid 1000 mum

Arca scan resalution dx=8mm/dv=Rmm

Zoon Scan Resolution dx=5mm/dy=3mm/dz=5mm

Froquency 2450 MHz
Lnput poswer 2ir dBm
Liquid Termperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %
Freque
E:..,,:“ 1 g SAR [W/kg/W) 10 g SAR (W/kg/W)
measured measured
245D 50.63 (5.00) 23.40[2.37)

Page: T
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B LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Mext Calibration
Identification No.
Description Maodel Calibration Date Date
SAM Phantom MVG I aanyq [P Hocal  jeamdsted.,  Ho' oo
required. requirad.
COMOSAR Test Bench|  Version 3 MA R Novcal - MoNoeed:  Heocea
required. requirad.
Network Anatyzer | T000® ;Vim“’z SN100132 022021 0242024
Calipers Carrera CALIPER-O01 022021 022024
Reference Probe MVG EPG122 5N 18/11 02r2021 o2r2022
Multimater Kaithley 2000 1188658 022021 022024
Signal Generator Agilent E4438C MY¥492070581 0212021 022024
. Characlerized prior o | Characterized prior o
Ampiitier hetharc anMe test. Mo cal required. |lest. Mo cal required.
Power hMeter HP E4418A US38261498 02/2021 02/2024
Power Sensor HP ECP-E2BA US37181460 02,2021 022024
= Characlerized prior to | Charactarized prior o
Ehnctionsl Lo Nt AniE=e (1306 lesl. Mo cal required. |lest. Mo cal required.
Tamperature and
Humidity Sensor Controd Company 11-661-9 022021 0272024
Page: 11411
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SHENZHEN TCT TESTING TECHNOLOGY CO., LTD

2101&2201, ZHENCHANG FACTORY, RENSHAN INDUSTRIAL
ZONE, FUHAI SUBDISTRICT, BAOAN DISTRICT, SHENZHEN,
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA

MVG COMOSAR REFERENCE DIPOLE
FREQUENCY': 2600 MHZ
SERIAL NO.: SN 16/15 DIP 2G600-375

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

Shmnaiy.

This docunsent presents the method and results froin an aceredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All calibration results are racesble 1o
natioial metrology instimions
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Nennre Fumetion Dare Signarire
Prepared by Jéréme LUC Product Manager 06/05/2012 :;”-;3;-;
Checked by : JTérfmne LUC Product Manager 06/05/2022 ;j” ==
Approved by Kim RUTKOWSKI Quality Manager 06052022 | e
Customer Nawe
) ) SHENZHEN TCT TESTING
Distribution .
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1 INTRODUCTION

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

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

standards
2 DEVICE UNDER TEST
Device Under Test
Dievice Type COMOSAR 2600 MHz REFERENCE DIFOLE
Manufacturer MVG
Widel SID2600
Serial Number SN 16715 DIP 2G600-375
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 FRODUCT DESCRIFTION

3l GENERAL INFORMATION

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

Figure 1 = MG COMOSAR Validation Dipofe
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4 MEASUREMENT METHOD

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

4.1 RETLIRN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum loss of -20
dB or better. The retumn loss measurement shall be performed agninst a liguid filled st phantom,
with the phantom constucted o8 outlined in the fore mentioned standards

421 MECHANICAI REQUIREMENTS

The IEEE St 1528 and CEVIEC 62209 standsrds specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness,

8 MEASUREMENT UNCERTAINTY

All uncenumties listed below represent an expanded uncenanty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides 1o
Measurement Uncerainty

3.1 RETURN LOSS

The following uncertainties apply 1o the return loss measurament

Frequency hand Expanded Uncertainty on Return Loss
AUHk-tHHIN 2 01de

532  DIMENSION MEASUREMENT

The following uncertanties apply 1o the dimension measuremenis;

Length {mm) Expanded Uncertainty on Length
3 - 300 (.05 mm

53 VALIDATION MEASUREMENT

The puidelings outlined in the IEEE 1528, FOC KDBs, CENELEC EN30361 and CENIEC 62209
standards were followed 1o generate the measurement uncertainty for validotion measurements,
Sean Volume Expanded Uncertainty

lg 203 %
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10 g 201 %o

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE [N HEAD LIOUITY

Frequency, MH;

250 X80 00 NN M) ME0 X80 2P

=0

2500 550

511,48

X
x
'y}
4r,
-
=
B

Freguency {MHz) Return Loss (dB) Requirement (dB) Impedance

2600 -12.E1 -20 55301-51 82

6.2 RETURN LOSS AND IMPEDANCE [N BODY LIQUID

Freguency, MH:

250 IS0 2540 2580 0 XD D 280 20
G-

25:0 26E0

Freguency {MHz)

Reiurn Loss (dB)

Requirement (dB)

Impedance

2600

-24.71

=20

51.500-5510

6.3

MECHANICATL DIMENSIONS

Frequerncy bMHz

L rim

i rriam

d mim

required

mexsured

required messured

required

measured

300

A0 2] %

250.0 +1 %

6.35 11 %,
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450 2000 #1 % 166.7 +1%. 635 41 %

750 176.0 £1 % 100,00 +1 %. 635 41 %

gas 161.0 #1 % HOB 41 % 3621 %

500 149,00 #1 % EERPTL 3621 %

1450 8.1+ % 17 +1% 3621 %

1500 BO.5 #1 % 500 +1 % 3621 %

1640 7A.0 41 % 457 +1 % 3621 %

1750 75241 % 420 41 % 3621 %

1800 TLO# % 417 41 % 3621 %

1800 8.0 +1 % 305 21 % 3621 %

1850 56.3 +1 % 385 21 % 3621 %

2000 545 #1 % 37511 % 3621 %

2100 61.0+1 % 357 +1% 3621 %
2300 55.541 % 32 611% 3621 %
2450 5154+ % 304 21 % 3621 %
2600 45541 % PASS IHE 1N PASS 1621 % PASS
3000 41541 % 501 % 3621 %

3500 37.0¢1 %. 264 31 % 3621 %

3700 34,741 % 264 11 % 3621 %

T  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards siate 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
liquad 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 longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIOUID MEASUREMENT

F":,l“l:"”' Relative permittivity (8] Conductivity ) Sfm
reguired 13! d reguined ed
300 45325 % 0.87 £5 %
50 41525% 0.87 25 %
750 41825% 0,89 25 %
35 41525% 0,90 25 %
i) 41525% 0,57 £5 %
1450 4005 25 % 1,20 55 %
1500 40425 % 17355 %
1640 40225 % 13125 %
1750 40125 % 13725 %
Page: 711
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1800 40025 % 1.40 55 %
1300 40025 % 1.40 55 %
1350 40025 % 1.40 55 %
0o 40025 % 1.40 55 %
palil] I9B=5% 1.49 55 %
230m 19525% 167 25 %
2450 19225 % 1.80 55 %
600 I00=5% PASS 1.96 55 % PASS
3000 IB5=5% 24055 %
3500 3795 % 201 5%

T2

SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software DOPENSAR V4

Phantom SN 2009 SAMTI

Probe SN 1811 EPGL X2

Liguid Head Liquid Valoes: eps’ : 382 sigma - 1.93

Dristance between dipole center and liquad

1000 mm

Area scan resolution

dx=8mm/dy=Emm

Zoon Scan Resolution

dx=5mm/dyv=3mm/dz=5mm

Froguency 2600 MHz
Inpiut power 20 dBan
Liguid Termnperature 21*C
Lab Temperature 2L5C
Lab Humidity 45 %
F'“:,I‘I':""' 1 SAR (W/kg/W) 10 g SAR (W kW)
reguired measured reguined measured
300 2E% 194
450 454 1.06
750 8449 5.55
8335 9.56 G2
900 109 699
1450 8 16
1500 305 168
1640 34.2 1854
1750 36.4 193
1800 ELE] 201
Page: 811
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1900 0.7 205
1950 405 208
2000 411 211
2100 43106 2189
2300 487 213
2450 524 24
2600 553 54.31|5.36) 246 24.14 (2.42)
3000 G638 257
3500 671 25
i
\ 1
ill
L1
i 6 N
§ o k-
e 1|"I“\"'---
““"""'--—._
= e 1] i B il .”...I.. NN E D

Hotline: 400-6611-140

BODY LIOQUID MEASUREMENT

F'”:';,I"H'E""" Relative permittivity (8] Conductivity (2] S/m
reguired measured requined measured

150 E19:5% 0.80 25 %

300 SB225% 0.92 25 %

450 SE725% 0.4 25 %

750 55.525% 0.6 25 %

B35 55.285% 0.97 5%

Qi) 55.025% 1.05 25 %

915 55.045% 1.06 5 %

1430 540s5% 1,30 25 %

16110 5IBs5% 1.40 5 %

1800 533s5% 152 85 %

19010 533s5% 152 85 %
2000 53.315% 152 #5 %
2100 53235% 1,62 85 %
2450 527s5% 1,05 #5 %

Page: @11
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2600 51555% PASS 21645 % PASS

3000 52025% 27385 %

3500 51385% 3131 85%

5200 490 £10% 5.30 $10%

5300 489 £10% 542 110%

5400 487 £10% 553 $10%

5500 486 210% 5.65 $10%

Sa00 485 =10% 577 #10 %

SR00 482 #10% .00 +10 %

74 SAR MEASUREMENT RESULT WITH BODY LICWIID

Software OPEMSAR V4
Phantom SN 20009 SAMTI
Probe SN L8111 EPMGl122
Liguid Body Liquid Walses: eps” : 516 sigma - 221
Distance between dipole center and liquid 100 mm
Area scan resoltion dx=8mm/dy=Emm
Zoon Scan Resolution dx=5mm/dy=3mm/de=Smm
Froguency 2600 MHz
Input power 20 dBm
Liguid Ternperature 212C
Lab Temperature 21°C
Lab Humidity 45 %%
F":‘"::""' 1 g SAR (W kg/W) 10 & SAR Wk W]
meatured measured
600 53.26 (5.1F) 13,88 [2.30]

10

Page: I/l
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8 LIST OF EQUIPMENT

Equipmzn Summarn Shesl

Equipment | Manufacturer / No| _ Current | Next Calibration

SAM Phantom VG SN-20/08-SAM71 :ﬂa:f' sl o il

COMOSAR TestBench|  Version 3 MA Mo N ;m- N ou)
Network Analyzsy | Frode® Sehwarz | gyy00132 0212021 1212024
Calipers Carrera CALIPER-01 0212021 022024
Reference Probe MVG EPG122 SN 18/ 0212021 0212022
Multimeter Keithley 2000 1188856 0212021 022024
Sgnal Generator | Agilent EA438C |  MY48070581 0212021 0212024

Tl BT o
Power Meter HP E44184 US38261498 0212021 0212024
Power Sansor HP ECP-E26A US3T181460 0212021 0212024

Directional Coupler | Narda 4216.20 01386 i';t“m"ﬁf'mr Iir:ﬁgg'm
I:;”ﬂ;“s":nﬁ Control Company 11-661-8 022021 022024

Poge: 1141)
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SAR Reference Waveguide Calibration Report

Ref: ACR.256.12.15.SATU.A

SHENZHEN TCT TESTING TECHNOLOGY CO., LTD
2101&2201, ZHENCHANG FACTORY, RENSHAN INDUSTRIAL
ZONE, FUHAI SUBDISTRICT, BAOAN DISTRICT, SHENZHEN,
GUANGDONG, 518103, PEOPLES REPUBLIC OF CHINA

MVG COMOSAR REFERENCE WAVEGUIDE

FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 13/14 WGA32

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

%, 7~ [ACCREDITED
¥ A DITE
r”n'“h“ln calinration CERT E2ISED

Calibration Date: 05/15/2022

SHHH'H(I?:‘I‘.'

This document presents the method and results from an accredited SAR reference waveguide
calibration performed in MVG USA using the COMOSAR test bench. All calibration results are
traceable to national metrology institutions.
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Prepared by Jérdme LU Product Manager 5/15/2022 {_j:—:s
Checked by : Jérome LUIC Product Manager S715/2022 f__-_—,
Approved By Kim RUTKOWSKI Quality Manages 5/15/2022

| Cusromer Name

Distribation : SHENZHEN TCT -I_-EST]FG
TECHNOLOGY CO._LTD
Taspie Divie | Modifications
A 5152022 | Imatzal relepse
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1 INTRODUCTION

This document contains a summary of the requirements sei forth by the IEEE 1528 and CELIEC
62209 standards for reference wavegudes used for SAR messurement system validations and the

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

standards,
2 DEVICE I/NDER TEST
Device Under Test
Device Type COMOSAR SOO0-6000 MHz REFERENCE WAVEGUIDE
Muanufaciurer MV
Muodel SWGESSN
Serial Mumber SN 1314 WiGA32
Product Condition (new / used) | MNew

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MWVG's COMOSAR Validation Waveguides are built in accordance 1o the IEEE 1528 and CEVIEC
62209 standurds.

4 MEASUREMENT METHOD
The [EEE 1528 and CELVIEC 62209 standards provide requirements for reference wavepuides used
tor system validation measurements. The fellowmg mensurements were perfomed o venfy that the
product complies with the fore mentioned standards,

4.1 RETUEN LOSS REQUIREMENTS

The waveguide used for SAR system validation measurements and checks must have a retum Joss of
-8 dB or better. The retum loss measuremient shall be performed with motchimng laver placed m the
open end of the wavegmde, with the waveguide and matching layer in direct contact with the
phantom shell as outlined in the fore mentioned standards

42 MECHANICAL REQUIREMENTS
The IEEE 1528 and CEITEC 62209 standards specify the mechanical dimensions of the validation
wavepuide, the specified dimensions are as shown in Section 6.2. Figure 1 shows how the
dimensions relate to the physical construction of the wavepuide.

Page 4413
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=] MEASUREMENT UNCERTAINTY

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

5.1 RETURNLOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length

00 0.05 mm

(98]
Ll

5.3 VALIDATION MEASUREMENT

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

Scan Volume Expanded Uncertainty
lg 203 %
10g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURNIOSS INHEAD ILIQUID

Frequency, MHz
5100 5200 5300 5400 5500 5600 5700 5800 5300

S11,dB

Frequency (MHz) Return Loss (dB) Requirement (dB)
5000-6000 <-8.24 -8
Page: 5/13

This document shall not be reproduced, except in full or in part, without the written approval of MVG
The information contained herein is to 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.
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6.2 RETURN LOSS IN BODY LIOLIIT
Freguency, -
5100 L] 5300 I LEOO SE00 LTy ] EEDQ 5500
0=k
10-
. ',-'T_I'
in
S
30
40-
Freguency (MHz) Return Loss (dB) Reguirement (dB)
SOMI-BO00 < -13.94 =K
63 MECHANICATI DIMEMNSIONS
P i L feremm i W imm Ly i mznoa) W lmm 1 immmj
'\.-1|-*‘:.I':.;-[t Reguare Miensure Ropuire Memsare Reguere Mlemmore Require M iemmene Roeguine Mlezsure
o d il il il d i d i d
5300 40349 = PASE LTI L PASS KL = PAEE il UN - PASS 58 PAES
g 013 — 0.13 . 013 s 0.13 — - .
n 14 W19 4 1.00 = qa
SR00) T PASS A | gy | DS pass | OL9B2 ) pags 43 PASS
i3 .13 L3 a1z

* The tolerance for the matching Ivver is meluded m the retum loss messorement.

KAl hiridy ba i

Figure 1: Validation Waveguide Dimensions

7T VALIDATION MEASUREMENT

The IEEE 5id. 1528 and CEVIEC 62209 standards state thot the system vahdabion messurements
must be performed esmpe o reference waveguide meetmg the fore menboned retum loss and
miechanical dimension requirements.  The validation meksurement must be performed with the
mutching loyver pleced in the open end of the wavepmde, with the wavegnide and matching lover
direct contact with the phantom shell.

Poage: 613
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7.1 HEAD LIQUID MEASUREMENT

Fm:;:'::“ Relative permittivity (&) Conductivity (o} 5/m
reqguired measured reguined measured

S000 367 +10% 4.45 +10 %
5100 36.1t10% 4.56 10 %
S200 6.0 +10 % PASsS 4.66 10 % PASS
5300 359+10% 4.76 +10 %
5400 35E:iD% PASS 4.Bb +10 % PASS
SE00 356:1D% 497 +10%
SEOD 355+10% PASsS 507 +10 % PASS
5700 354:10% 317 10 %
SROO 353:10% PASS S52T+ID% PASE
Sa00 352+10% S 3B +ID%
G000 351+iD% 548 10 %

72 SARMEASUREMENT RESULT WITH HEATY LICUIID

Al those frequencies, the target SAR value can not be genenc. Hereunder 1s the target SAR value
defined by MY, within the uncertmnty for the system vahidation.  All SAR values are normalized

te 1 W net power. In bracket, the measured SAR 15 mven with the used input power.

Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN IR11 EMGLE
Liguind Head Liguid Valwes 5200 MHz eps’ (360,62 sigma : 4.93
Head Liguid Values 5400 MHz ¢ps’ (3595 sipma : 518
Head Liguid Values 5600 MHz eps® (3608 sigma : 5.60
Head Liguid Valwes SE00 MHz: eps’ :34.73 sigma : 5.74
Distance between dipole wavepmde and ligud (F inwin
Area scan resolution dx=Emm/dy=Hmm
Foon Scan Resolution dx=4mm/dyv=4mdz=2mm
Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liguid Temperature 21%C
Lab Temperature 21*C
Lab Humidity 45 %
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TCT

Report No.: TCT220921E029

SAR REFERENCE WAVEGUIDE CALIBRATION REMMRT

Bef: ACBR. 236 12 15.5ATLLA

Frequency (MHz) 1z SAR (Wikg) 10 g SAR (Wike)
required measured required measured
5200 153900 163.88 (16.39) 56.910 ST2X(503)
5400 1 a4 172223 (17.22) SH.43 50,16 (5.92)
S50 17380 181.28 (15.13) 59.97 6157 (6.16)
SBO0 181.20 [E5.95 (15.90) 61.50 6345 (b.35)

SAR MEASUREMENT PLOTS (@ 5200 MHz
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H SAR REFERENCE WAVEGUIDE CALIEBRATION REPORT Ref: ACR 236 1213 8ATLUA

SAR MEASUREMENT PLOTS (@ 5600 MHz

'SAR MEASUREMENT PLOTS @ 5800 MHz
&3 \ " I‘

%::’_ e
T \I'
E L

A

.28 ¥s H'It

M
H‘.‘L"."".—-

Page: W13

ey, wkoiou? phe wrltrem aysprovad af MG

i procrprease o wltick dr i3 steinn o s o

Page 260 of 264

Hotline: 400-6611-140 _ Tel: 86-755-27673339  Fax: 86-755-27673332  http://www.tct-lab.com




TCT

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT

Report No.: TCT220921E029

Ref: ACR 2561215 SATU A

7.3 BODY 1LIQUID MEASUREMENT

Fre:quHezncy Relative permittivity (g,") Conductivity (o) §/m
required measured required measured

5200 49.0+10 % PASS 5.30+£10% PASS
5300 48.9 +10 % 5.42 +10 %
5400 48.7 +10 % PASS 5.53+10% PASS
5500 48.6 10 % 5.65+10 %
5600 485+10% PASS 5.77 +10 % PASS
5800 48.2+10% PASS 6.00 £10 % PASS

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liquid Body Liquid Values 5200 MHz: eps' :50.69 sigma : 4.98

Body Liquid Values 5400 MHz:
Body Liquid Values 5600 MHz:
Body Liquid Values 5800 MHz:

eps' :48.45 sigma : 5.82
eps' :50.57 sigma : 6.37
eps' :48.19 sigma : 6.45

Distance between dipole waveguide and liquid

0 mum

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=4mm/dy=4m/dz=2nun

Frequency 5200 MHz
5400 MHz
5600 MHz
5800 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21.9¢
Lab Humidity 45 %

Frequency (MHz) 1 g SAR (W/kg) 10 g SAR (W/kg)
measured measured
5200 158.49 (15.85) 55.40 (5.54)
5400 167.20 (16.72) 57.39 (5.74)
5600 175.65 (17.57) 59.48 (5.95)
5800 183.06 (18.31) 61.62 (6.16)

Page: 10/13
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I C I Report No.: TCT220921E029

SAR REFERENUE WAVEGUIDE O ALIBRATION REPORT Rel ACE 2901215 5ATLA

BODY SAR MEASUREMENT PLOTS @ 5200 MHz

BODY SAR MEASUREMENT PLOTS (@ S600 MHz
F=

Jhais of LS S N T T TS I ke biorairese aenrnivend o AFLY
III a LU P P i PR TR LY ||||. Arrasl llllll.-. a1}
' af af AFIY

Page 262 of 264

Hotline: 400-6611-140 _ Tel: 86-755-27673339  Fax: 86-755-27673332  http://www.tct-lab.com




I I Report No.: TCT220921E029

H SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Bef: ACR.256.12.13. 54T A

BODY SAR MEASUREMENT PLOTS @ S800 MHz

Fage: 12:13
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TESTING CENTRE TECHNOLOGY

TC

Report No.: TCT220921E029

SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Ref ACR256.12.15 SATU.A

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Identification No. - -
Description Model Calibration Date Date
Validated. No cal \Validated. No cal
Flat Phantom MVG SN-20/09-SAM71 [ <o ey I
. Validated. No cal Validated. No call
COMOSAR Test Bench Version 3 NA required. bequired.
Network Analyzer | Rhode & Schwarz SN100132 022022 02/2023
Calipers Carrera CALIPER-01 02/2022 02/2023
Reference Probe MVG EPG122 SN 18/11 02/2022 02/2023
Multimeter Keithley 2000 1188656 02/2022 02/2023
Signal Generator Agilent E4438C MY49070581 02/2022 02/2023
= Characterized prior to |Characterized prior to
Amplifier Asthercomm SN 046 test. No cal required. |test. No cal required.
Power Meter HP E4418A UsS38261498 02/2022 02/2023
Power Sensor HP ECP-E26A Us37181480 02/2022 02/2023
o Characterized prior to |Characterized prior to
Oirectional Coupler Narda 4216-20 01388 test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 150798832 02/2022 02/2023
Page: 13/13
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