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i of i, §  Schwelzerischer Kallbrierdienst
cs;-.“ﬂ;‘ann ul::ulnrv SN e o Servies wuiese & skoaoage
Engineering AG *i, ﬁﬁ ;i 3 ly/ S Swiss Callbration Service
Zgughausstrasss 43, 8004 Zurich, Switterand e -

Accredited by the Swiss Accreditation Service (SAS) Accroditation Mo.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Ciient | TGV S0D Certificate No. | EX-7809_May23
Farsham, Unied Kingdom

[ CALIBRATION CERTIFICATE
I =

Object EX3DV4 - SN:7809

Calbrafion procoedure(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v8,

QA CAL-25.vB

Calibration procedure for dosimetric E-field probes

Calibration date May 03, 2023

|
This callbration cartificate documants the traceability 1o national standards, which realize the physical units of measurements (51},
The measuremants and the uncertainties with confidence probabiity are given on the foliowing pages and are part of the cenificale.

All calibrations have been conducted in the closed laboratory facillty: smvironment Semperature (22 + 3)°C and humidity < 709
Calibration Equipment used (MATE critical for calibeation)

Frimary Sandards %] Cal Dale (Cerbiicats Ma.) Scheduled Calibration
Pawer mates NRPZ EN: 104778 30-Mar-23 (No. 217-03804/03806) Mar-2%
| Power sensar NRP-Z81 EN: 105244 30-Mar-23 (No. 217-03804) Mar-24
| DCF DAK-3.5 [weighied) SN: 1249 mﬂ%ﬁﬁmmzﬂ_m Oct-23
OGP DAK-12 SN 1016 23 Z1016_Ockea) Oct-23 |
Raderance 20 dB Afenuator | SH: CC2552 (20x) 30-Mar-23 (No. 217-03805] Thearz |
DAEL 5N; 660 16-Mar-23 (No. DAE4-650_Mared) | War-24
Ruderance Probe EGa0vE | GM: 3013 0B-Jan-23 (Np, E53-3013_JanZ3} | Jan24
Secondary Standards [[#] Chack Date (in housa] Scheduled Chock
Powar mater E44198 SN: GB41203874 [5-Agr-186 (in housa check Jun-22) I house check: Jun-24
"~ Power sensor E4412A, SN: MY41498087 D6-Agr-16 (in housa check Jun-22) In house check: Jun-24
sansor E44124 SN: 0110210 06-Apr-16 (in house chedk Jun-22) In house check: Jun-24
genaras HF BE80 EN: US3842U01 700 | 04-Aug-99 (in house check Jun-22) In house chack: Jun-24
Analyzer EB358A | GN- US41080477 31-Mar-14 (in house check Oct-22) In house chack: Ocl-24

Name Function ;
Calibrated by Aidonia Geargiadau Laboratory Technican ﬁg—s
Agproved by Sven Kihn Tochnical Manager & i

Issued: May 03, 2023
This calibration ceriificaie shall not be repreduced excapt in full without written appeoval of the laboratary.

Certificate No: EX-7B09_May23 Page 1 of 22
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Calibration Laboratory of AN,
Schmid & Partner %&
Engineering AG Tt
: g A
Feughaussirasse 43, B004 Zurich, Switzerand AN

Accredited by the Swiss Accreditation Service [SAS)
The Swiss Accreditation Sarvice is one of the signatories 1o the EA
Muititateral Agreamant for the recognilion of calibration certificales

Glossary

T5L fisswe simulating liquéd

MORMY Y,z sansitivity in frae space

ComdF sensitivity in TSL / NORMbLy,z

DCP dipde compression polnt

CF crast factor (1/duty_cyche) of the RF signal
ABCD modulation dependent linearization parameters

Polarization g i rotation around probs axis

Polarization & & rotation around an axis that is in the plane normal fo probe axis (al measurement center), e, 8=0is
normal 1o probe axis

Connector Angle  Information used in DASY system o align probe sensor X o the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEC/EEE 62209-1528, "Measuremant Procedure For The Assessment Of Specific Absorption Rate 04 Human Exposure
To Radio Frequancy Fields From Hand-Held And Body-Worn Wireless Communication Devices - Part 1528 Human
Models, Instrumentation And Procedures (Frequency Range of 4 MHz 1o 10 GHz)", October 2020,

b} KDB BES5664, "SAR Measurement Requirements for 100 Mz to 8 GHz"

Methods Applied and Interpretation of Parameters:

* NOAMy,).z: Assessed for E-field polarization d = 0 {f = S800MHz in TEM-cell; f > 1800MHz: RZ2 waveguide). NORMz,y.z
are only intermediate values, Le., the uncerlainties of NORM:, .2 doas nol aflect the E®-fiekd uncertainty insida T5L (sea
below ComF).

= NORM{x, ).z = NORMx,y.x * frequency_response (see Frequency Response Chart). This Enearization Is implemented in
DASY4 software versions later than 4.2. The uncertainty of the frequency response is included in the stated unceriainty of
CamdF

+ DCPyxyx: DCP are numarical linsarization parameters assessed based on the data of power swesap with CW signal. DCP
does not depend on frequency nor media.

= PAR: PAR is the Peak io Average Ratio that iz not calibrated but determined based on the signal characteristics

« Axpr; Beyz: Cryz; Dz VAxyz: A, B C D are numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The paramaters do not depend on frequency nor media. VR is the maximsm
calibration range exprassed in RMS voltage across the diode.

= Lo and Boundary Effect Parameters: Assessed in flat phaniom wsing E-field (or Temperature Transler Standard for
f = B0OMHZ) and ingide waveguide using analytical field distributions based on power measurements for f > BO0OMHz. The
same setups are used for assessment of the parameters applied lor boundary compensation (alpha, depth) of which typical
uncertainty values are given. These parameters are used in DASY4 software (0 improve probe accuracy close o tha
boundary. The sensitivity in TSL coresponds to NORMyx, )2 * ConvF whersby the uncartainty comesponds to that ghan lor
ComwF, A frequancy dependent ComvF is used in DASY wersion 4.4 and higher which allows extending the validity from
50 MHz to %100 MHz.

« Spharical isotropy {30 devialion from isotropy}: in a field of low gradients reallzed using a flat phantom expesed by a patch
antenna.

= Sensor Offsatl: The sensor offgel corresponds 1o the offset of virtual measurement cenber from the probe tip (on probe axis).
No tolarance required.

» Connector Angiie: Thee angle s assessed using the information gained by detarmining the NORMyr (no uncariainty required).

Cartificate No: EX-7809_May23 Page 2 of 22
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ExaDve - She7ica Way 03, 20235

Parameters of Probe: EX30DV4 - SN:T7809

Egsie Calibration Parametars
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EXdDVdg - SH:rACH May 03, 2023

Parameters of Probe: EX3DV4 - SM:7E09

Sensar Model Parameters
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EXE0WY - GN.ra0s

Parameters of Proba: EX3DVE - SN:-7800

Callbration Parameter Beterminzd in Head Tissue Simulating Wedia

Wy 0%, 2023
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EXi3Dha - Sh:vaon My 03, 2023

Paratnaters of Probe: EX2IDVS - SHN:7809

Czltbration Parameter Determined in Head Tissue Simulating Media

—_

mez® | Ralatve  Conduelvityt ConvFX | CarwF ¥ | ConvF2  AlphaS  Oepth®  Unc
Permitliviiy’ | 15/m) : i {mm] =2 _

E50H 4.5 | &7 | &m . 557 ¢ 03 c.2¢ 2.0 +18.6%

5 Frequercy vakdly ol &4 HE = —E00= TOOMHY, 3rel £ 700 MHE al ar dogee £ 54z, The urEgdld- e s B ASE 3 e CoryF Leizacey 2 cal nahor
“EouEnry are |n draenin ke e caled frau ooy B,

TFea Srgetnd A0 ai kAl Gsing lissue simatal 17 knwedts 1TSL ) 18] dioneans 4ic ¢ mel ¢ By Yoo F.ay #1074 0m e farges walyds Igecally BeTe: ham o
Zne] are wakd %r TSL wlh dewnalions ol up o £10%.
R ainhas e A o 0rm i diting c2 Eralon SPERG wararts Ibas e Mmgrany ¢ iiglion due T ke Eordary aFecl a%er cor aEnsaen § dedys s
AN o 1% o Irequennies eliw JEHT Bolee 2 e bequeanes Eetwen 3-ESR2 and Rty 247 e Inegeege s Letwren 510 GHE 3t amy o Sl
larger than hal! Ine probe poarees Yo IFd ooy

Carl ticate Mo: EX-7808 haay2d Piga 6 ol 22

COMMERCIAL-IN-CONFIDENCE B.7 of B.52



Document Number: 75958013-41 Issue: 01
COMMERCIAL-IN-CONFIDENCE

EX30V4 - SN:7808 May 03, 2023

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide:R22)
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1.1
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n'ED 200 400 €00 BOO 1000 1200 1400 1600 1800 2000 2200 2400 2600

1[MHz]
-+ TEM - R22

Uncertainty of Frequency Response of E-fleld: +6.3% (k=2)

Certificate MNo: EX-7809_May23 Page 7 of 22
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EX30W4 - SN.7808 May 03, 2023

Receiving Pattern (¢), 9=0°

1=1800 MHz, R22, 0°

0.5
S —
-05
0 &0 120 180 240 300 360
Raoll [°]
—— 100 MHz — BOOMH2 - 1800 MHz —=— 2500 MHz

Uncertainty of Axial lsotropy Assessment: £0.5% (k=2)

Cartificate No: EX-7809_May23 Page 8 of 22
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{TEM call, fyve = 1900MHz)
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Uncartainty of Linearity Assessment: +0.6% (k=2)
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EXIDV4 - SN 7800 May 03, 2023

Conversion Factor Assessment

11900 MHz, WGLS R22 (H_comF)
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Uncertainty of Spharical lsotropy Assessment: +2.6% (k=2)
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EX30Vde - SNTROY My 03, 2023
Appendix: Modulation Calibration Parametiers
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Calibration Laboratory of A st Schweizerischer Kalibrierdienst

Schmid & Partner % 44 2 Service sulsse d'étalonnage
Engineering AG e Servizio svizzero di taratura

43, 8004 Zurich, Switzerland Ve e/ S swiss Callbration Servics

Accredited by the Swiss Accroditation Senvico (SAS) Accreditation Ne.: SCS 0108

The Swiss Accreditation Service Is one ol the signatodies 1o the EA

Multilateral Agresmaent for the recognitien of calibration certificates

client TV SUD Certificate No. D2450V/2-1026_Jun23

Fareham, United Kingdom
]CAUBHATIDH CERTIFICATE

BSaLL S —

Objesct D2450V2 - SN:1026

Calibration procedura(s) QA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibratian date: June 05, 2023

This calibration carlificabe documents the raceability to national standards, which realize the physical units of measuremants (SI1).
The fedasuwrements and the uncerdainiles with confidence probability are given on the following pages and are part of the cestificate.

All calibeations have been conducted in the closed laboratory Eacility: envirenmant lemperaturs (22 & 3)°C and humidity < 70%.

Calibration Equipment used (MATE crilical lor calibration)

Primary Standands =X} Cal Date {Certdicate o) Scheduled Calibration

Powar maber NRP2 SN: 104778 B0-Mar-23 (Mo, 217-03804/03805) Mar-24

Power senscr NRP-291 SN 103244 J0-Mar-23 (No. 217-03804) Mlardtd

Powar sansor NAP-291 SN: 103245 30-Mar-23 (Mo, 217-03808) bar-24

Raferance 20 dB Atberusabor SN: BHE3S4 (20k) H-Mar-23 (No, 21 7-03809) Mar-24

Type-N mismabeh combination SN 310982 F 08327 30-Mar-23 (No. 217-03810) Mar-24

Aelerence Probe EX30V4 SN 7349 10-Jan-23 (Mo, EX3-7349_Jana3) Jan-24

DAE4 SN: 801 19-Dac-22 (Mo, DAES-601_Dec22) Doc-23

Secondary Standards ow Chasck Datla (in house) Sehiedulisd Chack

Power metar E44188 5N: GBINS124TS 30-Oct-14 (in house check Oct-22) In house chack: Dct-24

Power sansor HP B481A SN US3TH2TE 07015 (in housa check Oet-23) In house chack: Oct-24

Power sensor HP B481A, SN MY41093315 07-0ct-15 (in house chock Oot-22) In house check: Oct-24

RF genarator R&S SMT-06 SM: 100972 15=Jun=15 (in house chack Oct-23) In house chack: Oct-24

Metwork Analyzer Aglent EBISEA | SMN: US41080477 31-Mar-14 (in house check Oct-22) In house chack: Oct-24
Hama Fundtion L

Calibrated by: Kradimir Franjic Laboralary Technician

Approved by Sven Kiha Tachnical Managar IA‘ ,4/}?%(

Issued: Juna 5, 2023
This calibralion certificale shall not be reprodusced excepl in full without wiitien approval of the laboralory.

Certificate Mo: D2450V2-1028_Jun23 Page 1 of B
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Calibration Laboratory of AN G Schweizerlscher Kallbrierdienst
Schmid & Partner ﬁi G Service suisse détalonnage
Engineering AG o Servizio svizzero o tarsturs
Zeughaussirasse 43, 8004 Zurich, Switzerland ii’x;:;\“\? S  Swiss Callration Sarvice
il _I|I|I-ﬁ
Accredited by the Swiss Accredafion Sorvice [SAS) Accraditation Mo.: SCS 0108

The Swiss Accreditation Service is cne of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
M/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

b) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicated.

« Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

* Retum Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.

*  SAR measured: SAR measured at the stated antenna input power,

s SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« S5AR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result,

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

Cerfificate No: D2450W2-1026_Jun23 Page 2 of &
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Meazuyramant Conditicns

LASY syslem configuraticn. 25 81 48 @05 givan o gage 1.

Miedurar Flot Faarlam

Distance Dipole Contor« TSL

10 mm

DASY Version DASYEE WSR2 104
Extrapolation Atvanced Exlranclaticn
FPhantom

st Enacer

Zunrm Scan Rosolulion

dk. dy de =L mm

Fragqueney

2480 Mbz 11 ME?

Head T5L paramctors

The pllew:ng pooae oo s ard calo atic s were applis

) Temperatyrg Pormibivily Conductivity
Norainal Haad TSL parametors FEDCL Jik 180 mnedan
Measurad Head TSL paramelers E20 =032 G RPN 184 whodin 16 % |
Head TSL tamperature change duning tast ={.5"C
SAR result with Head TSL
| SAR averaged over | oo (1 ghof Head TSL Carditicn
' SAR merarnared 250 mid inpul peior 13,3 Wikg

Sad e nore il Head 5L paramelers

rore gz th 1w

2.2 Wikg 4 17.0% [k=2]

SAR averaged over 10 ¢m? (10 g of Head TSL

corditicn

=AR measured

250 MW mput paser

SAR for nominal Head TEL parar=iors

B 21 W

romalized ra 1%

24.5 Why 2 155 % (k=)

Cartircate Mo: BEd50V2-1026_ M- 23
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Aprandix (Additional assessments outside the scope of SCS 0108}

Antenna Parameters with Head TSL

Imoadance, Iranciaewod 16 o painl

S 18+ 15902
Rriuin | ogs - AT .E R
General Antenna Parametars and Design
I Slecivical Detay (cne dircetiom) | '._‘.5? n= i

Aher long term use wih 10WA radiate:d power. orly a slight warng cf the dipoly rear 118 leedpa.nt can be moasured.

The docle is made of standard semirigid coar.al cakie, The cerler conductos of the deccing e i3 di-ecly conrecten 1o 10
second amm of Fe dipole. The amenns 5 theorefore shon-circuited 1or DC-sge als I same of the dipcles, small oad caos

are adoes ta the dipale a-ms m grder lo imEprove matzhing when loages ascording o the positicn as exp gires in 1ne

“Measuremnent Conditions™ paragraak. The SaR Cara are net at'ected oy 1his charge. |he aeerall dipale lergth is il

aesarding 10 ke Standard.

e exoessive dprce musl Be applicd 10 1he dipo £ arms, because they raght bend or (e seldered conneehons near the

feodpginl may na damages.

Additional EUT Data

| FAar ufactured by

Cerihgate Ko De45002-1028_2unes
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DASYS Validation Report for Head TSL

Date: 05.06.2023

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1026

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 1.84 S/m; & = 37.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

-

Probe: EX3DV4 - SN734%9; ConvF(7.9, 7.9, 7.9) @ 2450 MHz; Calibrated: 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12.2022

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001

DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0;
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 116.4 Vim; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 25.9 Wikg

SAR(1 g) = 13.3 Wikg; SAR(10 g) = 6.21 Wikg

Smallest distance from peaks to all points 3 dB below = 9 mm
Ratio of SAR at M2 to SAR at M1 =51.3%

Maximum value of SAR (measured) = 21.2 Wikg

dB

0
-4.00
-6.00
-12.00
-16.00

-20.00

0dB = 21.2 Wikg = 13.26 dBW/kg

Certificate No: D2450V2-1026_Jun23 Page 5ol 6
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Impedance Measurement Plot for Head TSL

2450000 GH: 54120 |
125.66 pH 1.9344 03
\ 2450000 GHz 43 640 mU
3 24130 *

ChlAwgs 20
Chil: Stani 2 25000 GHe

|
Kol Ch | Bugs
] Chi: St 225000 0

Certificate Mo: D2450V2-1026_Jun23 Page 60l 6
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Calibration Laboratory of o Rechmuisartachar Kakbetsidienat

Schmid & Partner WY\ o e sises catonmage
Engineering AG Sorvizie svizzars di tarstura

Zeughaussirasse 43, 8004 Zurich, Switzarland 3 NS/ S swiss Gatibeation Service
Accradited by the Swiss Accreditation Service (SAS) Accroditation No.: SCS 0108
Tha Swisa Accreditation Service Is one of the signatories to the EA

Multilatersl Agreement for the recagnition of ealibraiion coriificates

Calibration data:

This calibration cortificate documents the traceability to naticnal standards, which realize he physical units of maasuements (S1).
Thi médsuntmeits and Vs uiceriainties with confidence probablity ae given on i folicreing pages and are pan of tha canificata,

All calibrations hive been conducted in the dosed [sboratory facilly. environmeont temporature (22 & 3)°C and humidity < T0%.

Calibration Equipmant used (MSTE crilical for calbraion)

Py Blrcwds 0 Cal Date {Certifcate Ho.) Seheduled Calbralivn

Piremr mgler NRPZ AM: 104TTR 30-Mar-23 (o, 217-0380403805) Mawr- 24

Powear sensor NRP-Z01 She Tizas 30-Bar-23 (Ho. 217-03804) Mar-24

Power sonsor NRP.Z9 M 103245 A0-Mar-23 (MNo. 217-03805) Mla-24

Ralerence 20 dB Alenualor Sh: BHAN0 (30k) 30-Mar-23 (Mo, 217-0380%) Mar-24

Type-N mismalch combination S 210982 F 06327 30-Mar-Z3 (No, 217-03810) Maer-24

Ralerence Probe EXA0WV Sk 3503 OF-Mar-23 (Mo, EXI-3503_Mar23) Mawr-24

DAE4 Sh: 601 18-Dec-22 (No. DAE4-501_Dec2?) Dec-23

Socondary Siandards ID# Chiack Datls (in housa) Schaduled Check

Powar mader 44108 SM: GB30512475 30-Oict-14 (in house check Ocl=22) In house chisck: Oel-24

Power sensor P B4814, SN: US3T2eaTea OF-0ck-15 i house check Dct-22) In Rouse chack: Oct-24

Pawer sansor HP B4B1A BM: MY41083315 Q7-0et-16 (in houso check Ocl-22) In house chsck: Ocl-24

RF gonerator RS SMT-08 5Nz 100972 15-Jun-15 (i howse chisek Oel-22) In housa check: Oct-24

Wetwork Analyzer Agllent EBIS8A | BN: US41080477 31-Mar-14 (in house check Ol-22) In howse check: Od-24
Mama Function

:. bdhr Wrakind: | a0 L mm

Approved by:

This Calibraticn ceviicat shall nol be reproduced axcept in full witheut writien approval of the laboratony,

GCertificate Mo: DSGHZVZ-1281_Jun23 Page 10l 9
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