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1 Calibration report “3500 MHz System

Calibration Laboratory of &~/

Schmid & Parner fo\
ngineering

Zoughatssirasse 43, BOOA Zurich, Switzeriand o gt/

Accredied Dy |0 Swies Accredtation Sorvica (SAS)
The Swiss Acoreditation Service is one of the signatories to the EA
Multilnteral Agr t for the gnition of calibeation certificates

check dipole”

Schweizerischer Kalibrierdienst
Service sulsse d'atalonnage
Servizio svizzero di taratura
Swiss Calibration Service

wow

Accraditation No.: SCS 0108

Client ' Cetecom Advanced
Saarbricken, Germany

} Certiticate No. \ D3500V2-1003_Aug25 ]

CALIBRATION CERTIFICATE

Otyect D3500V2 - SN: 1003

Calbraton procedural(s) QA CAL-22v7

Calioration date August 5, 2025

All calibrations hae been cor n the clasec
Cattyration Equipmeant used (MATE cntical for calbrson)

Y faciiay:

This calbraton coctticate decuments the racaatiliy 1o nafional stancards, which realize e physical unss of measuromonts (51,
The measurements and tha uncerainties with contidance protabiity nre piven on the following pages and are part of the certificate,

peratwe {22 £ 21°C and hutmicity < 70%.

Calibration Procedure for SAR Validation Sources between 3 - 10 GHz

Primary Standarcs D Cal Date cann% Schedulod Cal
| Power Sansol RAS NAF-Ga1 SN 100067 | 30-Apr-25 [No. 1020 T748) Apr-26
Powe: Sensor R&S NRP13A BN TOTBES | 06 -Feb 23 (No. 4030A515003541] Fab-26
Spectum Analyzer BES E5VED SN 101832 | 20-Jan-25 (ND, 4030A3 1 5008658) Jan 28
3.5mm mismaich combnanon SN 1152 24-Mar-25 (No. 217-04533) Mar-26
OCP DAK-12 B\ 1076 24 Sapt-24 (No, OCP-OAK12-1016_5eped) Sep-25
OCPBAK-IS SN 1240 23-5apt-24 [No, OLP-DAKY 51248 Sepos) Sop 28
“Ratarence Pioba EXIONA SN 7349 10-J8n-25 (No, EX3-73d8 Jfan2%) Jarnz6
DAEAD SN: 1836 17-Ape.28 |(No. DAESR1836_Ape2s) Api-26
Secongary Smndards it Tk Date (0 DO} Schaduled Check
ACAD Satop 1 SN 1000 Z7-May-25 (N0, 615-ACAD_Source_Box-080627) | May-28 |
| Bignal Gonerasor AAS SM100A SN 162061 | 27-May-25 (N0, B75-CAL1b-SA008-250527) Way 26
WESmalch, SVA SN 1102 24 Ape-25 (No. 675 Mismach SMA-250424) AO1-26
OCP DAK 12 SN 1028 27-Feb-25 (No. OCP-DAK12-1020 Feb2s) Fob06
OGP BAKS A SN 1336 | 09-Dec-24 [No. OCP-OAKAS 1336 Decsd) | Decds |
Name Functian Sgnature ‘
Calbrated by Paudo Pra Labaratory Technician =8 —_(,3
Approved by Svon Kahn Tachnical Manager > C"C'—_Z,7

Issued: Auguat 5, 2025
This catbrason cortificate shall oot ba reproduced excepl In AP withou! weilten approviat af tha laboratary,

Certificase No: 03500V2-1003_Augas
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cetecom advanced GmbH
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Calibration Laboratory of A\‘\_/\!,‘ Y, 7N s gm:z:r;:o; _l:;llbrlon;l:nst
Schmid & Partner M C. garyizic svizzero df tarstuirs
Engineering AG P ' Swiss Calibration Service
Zeughaugstrasse 43, BRO4 Zunch, Switzarland ol ,,"’I:m\\‘ \,. =
Actredited by the Swss Accredtation Seavice (SAS) Accreditation No.: SCS 0108

The Swise Accreditation Service is one of the signstories to the EA
Multilateral Agreement for the recognition of calbration certificates

Glossary

TSL tissue simulating liguid
ComvF  sensitivity in TSL{ NORM x,y.z
NA not appcatie or not measured

Calibration is Performed According to the Following Standards

+ IEC/EEE 62209-1528."Measurement Procadure For The Assessment Of Specilic Abserption Rate Of Human Exposure To
Radic Freguency Fields From Hand-Held And Body-Worn Wireless Communication Devices - Part 1528: Human Mooels,
Instrumentation And Procedures {Frequency Range of 4 MHz to 10 GHz)", Cctobar 2020.

« KDB 865864, "SAR Measuremen! Requarements for 100 MMz 10 6 GHe"

Additional Documentation
+ DASY System Handbook

Methods Applied and Interpretation of Parameters

Measurement Condlions: Further details are available from the Validation Regort at the end of the ¢erliticale. All ligures
stated in the certificate are valid at the fraquency indicated.

Antenna Parametars with TSL: The dipole s mounted with the spacer to position 11s $2ed point exactly below the center
marking of the flat phantom section, with the arms orlented paraliet to the body axis.

Feed Point Impedance and Return {0ss: These parameters are measured with the dipcle positionad under the hiquid fissd
phantom. The impedance stated is transiormed from the measurement at the SMA connector o the feed point, The Return
Loss ensures low reflected power. No uncertainty required.

Elactrical Defay: One-way delay between the SMA connactor and the antenna feed point. No uncertainty required.

SAR measured: SAR measured at the stated antenna inpul power.

SAR narmalized: SAR as measured, normabzed to an input power of 1 W at the antenna conneclor,

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the nominal SAR result.

19 o9

The reperted uncertainty of measurement is stated as the standard uncartainty of measurement multiplied by the
coverage facter k=2, which for a nermal distribution corresponds to a coverage probabéity of approximately $5%,

Cartdicate No: D3500V2-1003_Aug2s Page 2016

cetecom advanced GmbH Document No. 1-2152-25-01-02_TR1-A303-R01
Untertuerkheimer Str. 6-10, 66117 Saarbruecken Page 4 of 46
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DASOOV2 - SN: 1008 August 5, 2025

Measurement Conditions
BASY system configuration, as far as not given cn page 1.

DASY Version DASYS Modulke SAR 16.4.0
Exirapolation Advanced Extrapolation
Phantom Modutar Flat Phantorn
Distance Dipole Center - TSL 10 mm with spacer
Zoom Scan Resolution dx, dy = 5mm, dz « 1.4mm Graded Ratie = 1.5 mm (2 direction)
Frequency 3500MHz + TMHz

HSL parameters at 3500 MHz

The following parameters and calculatons were applied.

Temperature Permittivity Conductivity

Nominal HSL parameters 22.0°C 379 2.91 mho/m
Measured HSL parameters 122.0 +0.2)°C 39.3 +E% 2.85 mhoim 6%
HSL temperature change during lest «05°C

SAR result with HSL at 3500 MHz
SAR averaged over 1 cm® (1 g) of HSL Caondition
SAR for nominal HEL parameters £0 dBm input power 6.61 Wikg
SAR for nominal HSL parameters nermalized to 1W 66.1 Wﬂig +19.9% (k= 2)
SAR averaged over 10 cm® (10 g) of HSL Condition
BAR for neminal HSL paramelers 20 d8m input power 2.51 Wikg
SAR for nominal HSL parameters normalized to 1W 251 Wikg +19.5% (k = 2}

Certificate No: D3500%2-1003_Aug25s Page 3 of 6

cetecom advanced GmbH Document No. 1-2152-25-01-02_TR1-A303-R01

Untertuerkheimer Str. 6-10, 66117 Saarbruecken Page 5 of 46
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D3500V2 - SN: 1003

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with HSL at 3500 MHz

Impedance 53.40-53i0
Raturn Loss -24.3 dB
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.13% ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured,

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to
the second arm of the dipole. The anfenna is therefore short-circuited for DC-gignals. On soms of the dipoles, small end
caps are added 10 the dipole arms in order to improve maltching when loaded aceording fo the position as explained in the
‘Measurement Conditions” paragraph, The SAR data are not affected by this change. The overall dipole length is st according
to the Standard. Ne excessive force must be applied to the dipole arms, because they might bend or the soldered connections

near the feedpoint may be damaged.

Additional EUT Data

Manutactured by

SPEAG

Certificate No: D3500V2-1003_Aug25

Page 4 of 6

cetecom advanced GmbH
Untertuerkheimer Str. 6-10, 66117 Saarbruecken

Document No. 1-2152-25-01-02_TR1-A303-R01
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D3500V2 - SN: 1003 August 5, 2025

System Performance Chedk Report

Summary
Dipake Frequescy [4Mz] 1§31 Power JoBn|
D350 - SXN103 1500 ML 0

Fxposure Conditians

Fhartem Ssctios, T Tt Datasce [mm! Bard

actor  TSL Cordictieirg ISOm!  TSL Fermienadne

flat 10 o, 0-

66t 185 383

Hardware Setup

Mramam 5L, Maanures Date Prote. Calmatan Daeas AR, Calbegriza Dare

N YED Cardut S 20

08-0% ALV < NNT IS

DWFAG 501836, 2025-04-37

Stans Setwp Measurement Results

Losm Scan

Gris Poeres [mm) ZAx 28423 are H5-UK-D

Gred S1eas [ni) ShxS0w 14 MiARIg WiKg) 5.6!
Sernor Surlacs {rem) ‘v 4 ) 7;;'.;;;.:\'. vy A

Craded Ged ey Fower Dv e {d8] 8.0

Cradisg Rario 1B} Tower ';r.'h':] Osabion
M4 NIA Staling Factor (8]

Sueface Detezthon M o+ s TSLComrectian POsitiae | PR
Scan Method Aduvares

0d8 - 17,1 Wikg

Certiicate No: D3S00OV2-1003_Aug2s Page Sof 6

cetecom advanced GmbH Document No. 1-2152-25-01-02_TR1-A303-R01
Untertuerkheimer Str. 6-10, 66117 Saarbruecken Page 7 of 46



cetecom

advanced

DISCOV2 - SN: 1003 August 5, 2025

Impedance Measurement Plot for HSL
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Certificate No: D3500V2-1003_Aug25 Page 6 of 6
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2 Calibration report “3700 MHz System check dipole”

o Schwelzerischer Kalibrierdienst
Calibration Laboratory of 287, il
Schmid & Partner C  Servizio sviziers o tarstura
Engineering AG b S Swiss Cailbration Sorvice
Zoughaussirasss 43, 6004 Zurich, Swizeriand LW
Accredied by the Swiss Accrediation Service [SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multiateral Agraament for the recognition of callbration certificases
Client Cetecom Advanced Certificote No. D3700V2-1062_Aug25
Saarbriicken, Germany

CALIBRATION CERTIFICATE

Otject D3700V2 - SN: 1062

Calbration procedurafs) QA CAL-22v7

\ Calibration Procedure for SAR Validation Sources between 3 - 10 GHz

Calibration dasw August 5, 2025

Thes calibeatbion cartilicate documents the lity to national s, which realize the physical units of measuraments (S1),

Tha measwomans and tha uncortaintias with confidence probabliity are given on the fnllowing pages and are part of the certificate,
} A1 calibeations have Seen condussed in 1ho clsed ¥ tachty: om T temperatire (22 + 3)° C and humidity < 70%,

Cabbeation Equigmant used |MATE crtical Yur calbration)

Primary Standargs 1] Cal Date [Cartificate No.j Scheduled Cal
Powar Senzor A&S NAS 34T SN 100567 | 30-Apr-2h (No, 1000. 200791 788) Apr-a6
Fowar Sensor R85 NAP 164 SN 101859 | D&-Feb-25 (No. AD30AT15008541) Feb26
Specirum Analyzor RAS FSVA0 BN 101852 | 28-Jan 28 (No, S030A315000658) Jana
3.5mm migmatch comBINaeon BN 1152 24-Mor25 (N0, 217-04290) War-29
OGP DAK-12 BN: 1016 | 24-Sepi24 (No. OCP-DAR1Z.1016. Sep2d) K
GCP iAk9.5 SN: 1249 23-5epi-24 (No. OCP-DARI 5-1248_Sepad) Sep-25
Apleronce Probe EXI0VA 6N; 7385 10-dan-25 {No. EX3. 7348 _Janzh) Jan-26
DAEAD SN: 1836 17-Abe-25 (NG, DAESR- 1838 _Apras) har-2h
Socondary Swandards [z Chaca Date {in house) Schaduled Gheck
ACAD Satup 1 SN-1000 | 27-Masy-25 [No. B75-ACAD_Souece,_Bux-260507] | May-28
Signa Genersor RAS SWB100A SN TAZ08T | 27 -Whay-25 (No. BYE-CALTE-S58H 250557 May 26
Nismanch: SMA YAl 24-Apr-25 (No, 675 Mismach_GMWA-250424) Aor-28
OGP DAR-2Z SN: 1029 27-Fab-25 (No. OCP-DAK12-1028_Fabas) Fob 2§
OCP DAY 5 BN 1396 | 05 -Dec24 (No. OCP-DAKAE 1336 Dacad) Becvs

Naro Functon Sgnature
Cafbeatad by Paufo Pinn Lanoraary Tochnician —~ : 1/ =

" w

Approved by Sven Kihn Techinical Marager é '

lasued: Augus! 6, 2025
This calbiration cenicate shall not tie reproduced excep! in ull without written appraval uf the Sbocatary.

Certificate No: D3700V2-1082_Aug25 Pago 1 0t6

cetecom advanced GmbH Document No. 1-2152-25-01-02_TR1-A303-R01

Untertuerkheimer Str. 6-10, 66117 Saarbruecken

Page 9 of 46
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. . I, S Schweizerischer Kalidrierdlenst
Calibration Laboratory of SN G Serice suisse detalonnage
Schmid & Partner E Sérvizio svizzero di taratura
Enginesring AG N S Swiss Calibration Service
Zeughausstrasse 43, BJ04 Zurich, Switzerland Kt
hecredited by the Swiss Accreditation Servica (SAS) Acereditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

Glossary

TSL tissue simutating ligusd
ComeF  sengitivity in TSL/ NORM x,y.z
N/A not appicable or not measured

Calibration is Performed According to the Following Standards

+ |[EC/IEEE 62202-1528.'Measurament Procedure For The Assessmant Of Spacific 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)", Ociober 2020.

+ KDB 865564, "SAR Measuremeant Requirements for 100 MHz to 6 GHz*

Additional Documentation
« DASY System Handbook

Methods Applied and Interpretation of Parameters

 Ieasurement Conditions: Further datails are availabis from the Validation Report at the end of the certificate. All figures
stated in the certilicate are valid at the freguency indicated.

= Antenna Parameters with TSL: The dipole Is mounted with the spacear to position its feed paint exactly below the center
marking of the flat phantom saction. with the arms orented paraliel to the body axss,

« Feed Point Impedance and Return Loss: Theee parameters are measured with the dipole positicned under the liqud filled
phantom, The impedance staled is transformed Fom the measurement at the SMA connector to the feed point. The Retum
Loss ensures low reflected power, No uincertainty requized,

+ Elvctrical Delay: One-way delay between the SMA connector and the antenna feed point. No uncartainty required.

+ SAR measured. SAR measured at the stated anlenna inpul power.

+ SAR parmaiized: SAR as measured, nermalized to an input power of 1 W at the antenna connector,

+ S§AR 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 multipbed by the

coverage factor k=2, which for a normal distribution cofresponds to a coverage prodabillty of approximately 95%. J
Certificate No: D3700V2-1062_Aug25 Page 20l 6
cetecom advanced GmbH Document No. 1-2152-25-01-02_TR1-A303-R01

Untertuerkheimer Str. 6-10, 66117 Saarbruecken Page 10 of 46
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DATO0VE - SN: 1062 Avgust 5, 2025

Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS Module SAR 16.4.0
Extrapolation Advanced Extrapofation
Phantom Mcaular Flat Phantom
Distance Dipole Center - TSL 10 mm with spacer
Zoom Scan Resclution dx, dy = Smin, dz = 1.4mm Graded Halic = 1.5 mm {Z direction)
Frequency SMHZ +1MHz

HSL parameters at 3700 MHz

The lollowing parameters and cakeulations were applied.

Temperature Permittivity Conductivity

Nominal HSL parameters 220°C 377 3.12 mho/m
Measured HSL parameters {22.0 +0.2)°C 39.0 £6% 3.12 mha/m £6%
HSL temperature change during test <05°C

SAR result with HSL at 3700 MHz
SAR averaged over 1 cm? (1 g} of HSL Cenditicn
SAR tor nominal HSL parameters 20 dBm input power 7.02 Wikg
SAR for nominal HSL parameters normalized to tW 702 Wikg £19.9% (k « 2)
SAR averaged over 10 cm® (10 g) of HSL Condition
SAR for nominal MSL parameters 20 dBm input power 2.58 Wk
SAR for nominal MSL parameters normalized to 1W 25.8 Wiha 419.5% [k =2)

Certificate No: D3700V2-1062_Aug2s Page 3016

cetecom advanced GmbH Document No. 1-2152-25-01-02_TR1-A303-R01

Untertuerkheimer Str. 6-10, 66117 Saarbruecken Page 11 of 46
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D3700V2 - BN: 1062

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with HSL at 3700 MHz

Impedance 4790+0.2 0
Return Loss -33.5dB
General Antenna Parameters and Design
| Blectical Detay {one direction) [ 113 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpeint can be measured,

The dipcle s made of standard semirigid coaxial cable. The center conductor of the feeding line is diwectly connected 16
the second arm of the cipple. The antenna is therefore shorl-circuited for DC-signals. On some of the dipoles, small enc
caps are added to the dipole arms in order e improve matching when loaded according to the position as explainad in the
“Measurement Conditicns” paragraph, The SAR data are nol altected by this change. The owerall dipole length is stili according
te the Standard. Mo excessive force must be applisd to the dipole arms, because they might bend or the soldered connections

near the feedpoint may be damaged,

Additional EUT Data

Manutaciured by

SPEAG

Centilicate No: D37002-1062_Aug25

Page 4 of 6

cetecom advanced GmbH
Untertuerkheimer Str. 6-10, 66117 Saarbruecken

Document No. 1-2152-25-01-02_TR1-A303-R01

Page 12 of 46
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D3700V2 - SN: 1062 August 5, 2025

Sysiem Parformance Check Report

Summary
Mpale Freguency [MHx VS Fower [0
D3 P00ve - NI D2 3700 (13

Expasure Conditions

Phamzn Selon TS 2l UKD Froguercy (M2, Ovaneed Kumber CorsrvonFactor  TSLCensoqasty S/mY TS0 Parmittivty
Mat 10 oW, D-- Ao, 0 04 142 15,0
Hardware Setup
Fhantom TH, Measured Date Probe, Catbvation Date DAE, Caleation Tane
WP VA S Cemet 5L 20250805 EXI0NG - §%2349. 202501 1D [IRE8Ip S0 1436 )
Scans Setup Measuroment Results
oL Scan Zewr Stan
G Extents imnj 8% 23 0 28 e 2025-04-08
Gt epa ) SONSAxIA psSAtl g [ /gl 10z
Senzar Surtace [mm] 1. PsARl Oy Wixgl 258
Croded Grid Yeu Power Onif l<B) 080
Crading Lan e Pawnr Szakng Pisaticd
MALR - NiA Scakrg Facuor ToR
vurfax Detectisn VNS « Gp : .‘::"un:c POSTING | Kegalive
Scan Awthod Vrnmnlr

0dE ~ 19.0Wkg

Certiicate No: D3700V2-1062 Aug2s Page Sof 6

cetecom advanced GmbH Document No. 1-2152-25-01-02_TR1-A303-R01
Untertuerkheimer Str. 6-10, 66117 Saarbruecken Page 13 of 46
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D3700V2 - SN: 1062 August 5, 2025

Impedance Measurement Plot for HSL

511 Smith [R+X) Scale 1,00
~1 3.700000 GHz 47.941 Q0212 i@

16.00
5.00
0.00

-5.00

<10.00
-15.00
20,00
-25.00
-30.00 §
-35.00
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Certificate No: D3700V2-1062 2ug25 Page 60f 6

cetecom advanced GmbH Document No. 1-2152-25-01-02_TR1-A303-R01
Untertuerkheimer Str. 6-10, 66117 Saarbruecken Page 14 of 46
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3 Calibration report “6500 MHz System check dipole”

ca“b':aﬂon Laboratory of Schwelzerischer Kakibrierdienst

Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accrediter by the Swiss Accreditation Servics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Client Cetecom Advanced Certificate No. D6.5GHzV2-1067_Jan25

Saarbriicken, Germany

|[CALIBRATION CERTIFICATE

‘ Coject D6.5GH2zV2 - SN:1067

Calipranon peocedurels) QA CAL-22.v7

Caliaration date; January 08, 2025

Calibeation Equpment used (METE crtical lor calibration)

Calibration Procedure for SAR Validation Sources between 3-10 GHz

This calibvation ceniticate documents the tracaabilty 1o national standards, which realize the physical units of measurements (S1).
The meaas, t= and the L inties with confidence probabiity are given an tha fallowing pages and are part of the cenilicate.

All cafibrations have been contucted in the closed lsboratory facility. environment temparature {22 + 3°C ane tumidity < 700,

This cafbrabon carificate shall not be reproduced except in 1l witheut written appraval of the lsboratory.

Primary Standards | D # Cal Date (Cetficale No.) Schedulas Calisraton
Pawer sensoe A&S NRP3ST SN: 100957 28-Mar-24 (No. 217-04038) Mar-25
RAeference 20 dB Attenuator SN: BHEAS4 (20k) 26-Mar-24 (No. 217-04048) Mar-25
Mismasch combmaton SN- Ba224 ) 350D 28-Mar-24 (No, 21 7-04050) Mar-25
Feteranca Probe EX30V4 ; SN: 7405 01-Jut-24 {No. EX3-T405_Jul24) Jul-25
DAE4 {SN: G54 18-0c1-24 (No. DAE4-654 Oct24) OQct-25
Secondary Standards |04 Check Date fin house) Scheduted Check
AF generator Anapca APSINZOG SNz 827 18-Dec:18 (in house check Jan-23) In house check: Jan-25
Power sensor NAP-Z23 SH: 100189 1Jan-18 (n houss check Jan-24) In house chack: Jan-25
Power sensor NAPABT SN 100650 25-Sep-22 (In nouse chack Jan-24) In house chack: Jan-25
Network Analyzer Keysight ES083A | SNMY 54504221 31-Cca-19 {in housa check Sep-24) in houge chack. Sep-26

Nama Funclicn Signature
Calibrated by Lok Kiysnes Latoratory Technician 5 ‘ﬁ’

S‘?/ 2 /,é,-»

Agpravesd by: Swvan Kohn Techrical Manager

N s

Issusd: Jaraary 10, 2025

Centificate No: D6.5GHzV2-1057_Jan25 Page 1of§

cetecom advanced GmbH
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Calibration Laboratory of Qe A :
Y DA /';‘ s Schweizerischer Kalibrierdienst

Schmid & Partner % ¢ Service suisse d'étalonnage

Engineering AG e Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland N S swiss Calibration Service

0 L

Aocraditad by tha Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recagnition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) |EC/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 (Freguency
Range Of 4 MHz To 10 GHz)", October 2020.

Additional Documentation:
b) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed point
exactly below the center marking of the flat phantom section, with the arms oriented parallel to the
body axis.

* Feed Point Impedance and Return Loss: These parameters are measured with the dipole positioned
under the liquid filled phantom. The Return Loss ensures low reflected power. No uncertainty
required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna connector.
SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the nominal
SAR result.

o The absorbed power density (APD): The absorbed power density is evaluated according to
Samaras T, Christ A, Kuster N, “Compliance assessment of the epithelial or absorbed power density
above 6 GHz using SAR measurement systems”, Bioelectromagnetics, 2021 (submitted). The
additional evaluation uncertainty of 0.55 dB (rectangular distribution) is considered.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
muitiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Centificate No: D8.5GHzV2-1067_Jan25 Page 20l 6
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Measurement Conditions
DASY syslem configuration. as far as not given cn page 1.
DASY Version DASYS Vi6.2
Extrapolation Advanced Extrapoiaton
Phantom Medular Fiat Phantom
Distance Dipoie Center - TSL 5 mm with Spacer
Zoom Scan Resolution dx, dy =34 mm, dz = 1.4 mm Graded Ratio = 1.4.{Z direction)
Frequency 6500 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 345 6,07 mhoim
Measured Head TSL parameters (220£02)°C 349+6% 621 mham =6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measurad 100 mW input power 28.6 Wrkg
SAR for nominal Head TSL parameters normalized to 1W 287 Wikg = 24.7 % (k=2)
SAR averaged over 8 cm® (8 g) of Head TSL Condition
SAR measured 100 mW input power 6.46 Wikg
SAR for nominal Head TSL parameters normalized to W 64.8 Wikg = 24.4 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 5.30 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.2 Wikg = 24.4 % (k=2)

Certdicate No; D6 5GHzV2-1067_Jan2s Page 3ot &
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

.lmpedance. transformed to feed point 5100+0350
Return Loss -39.7 ¢B
APD (Absorbed Power Density)
APD averaged over 1 cm? Conditon
APD measured 100 mW input power 286 Wim?
APD measured nermalized to 1W 2860 Wim? £29.2 % (k=2)
APD averaged over 4 ¢m? condition
APD measured 100 mW input power 129 Winv
APD measured normalized to 1W 1200 Wim? £ 26.9 % (k=2)

“The reponed APD vakues have been garved using the psSAR1g and psSARBY.

General Antenna Parameters and Design

After lang term use with 100W radiated power, only a slight warming of the dipole near the leedpoint can be measured,

The dipole Is made of standard semingid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to Impreve malching when lcaded according to the position as explaned in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soidered connections near the
feedpoint may be damaged,

Additional EUT Data

| Manufactured by SPEAG |

Certificate No: DE.5GHzV2-1067_Jan25 Page 4 of 6
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DASY6 Validation Report for Head TSL

Measurement Report for D6.5GH2-1067, UID 0 -, Channel 6500 (6500.0MHz)

Device under Test Properties
Name, Manufacturer Dimensions {[mm] IME! DUT Type
D6.5GHz 16.0x 6.0 x 300.0 SN0 1067 -
Exposure Conditions
Phantom Position, Test Band Group, Frequency Conversion TSL Cond. TSL
Section, TSL Distance uID [MHz] Factor [S/m] Permittivity
[ram]
Flat, HSL 5.00 Band CW, 5500 514 b.21 349
Hardware Setup
Phantom TSL Probe, Callbration Date DAE, Calibration Date
MFP V8.0 Center - 1182 HBBLE00-10000VE EX3DV4 - SNT7405, 2024-07-01 DAES Snbb54, 2024-10-18
Scan Setup Measurement Results
Zoom Scan Zoom Scan
Grid Extents [mm) 220x220x220 Date 2025-01-08,17:36
Grid Steps [mm] 34x34x1.4 psSARIE fW/Xg] 28.6
Sensor Surface {mm} 14 psSARSg [W/xg] 6546
Graded Grid Yes psSAR10g [W/Ke] 5.30
Grading Ratio i4 Power Drift [¢B] -0.00
MAIA N/A Power Scaling Disabled
Surface Detection VMS + 6p Scaling Factor [dB)
Scan Method Measured TSL Correction No correction
M2/ (%) 50.0
Dist 3dB Peak [mm) 4.8

Cendficate No: D6.5GHzV2-1067_Jan2s
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data Measured 2026-05-20
Impedance; tranjsformed to feed 51.00 +0.3jQ 49.20+0.7j0
point
Return Loss -39.7dB -39.4dB

Tret S8 Smith Ref1l) Cal 1

sn
Ch1 fb Start 45 GHz Stop B85 GHz
Tre2 00 @8 Mag 10d8/ Ref0d8 Cal 2

st
— 10
=10
20
4 !
70
Ch1 fb Start 45GHz 20 0dBm Stop 8.5 GHz

5202026, 1258 PM
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4 Calibration report “7000 MHz System check dipole”

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzertand

Accredied by the Swiss Accreditalion Secvice (SAS)

'»{ -
Bl

The Swiss Accreditation Service is one of the signatories to the EA

Muitilateral Ag for the it
ciient ~ Cetecom Advanced
Saarbrucken, Germany

gt of calibration certificates

Schweizerischer Kalibrierdi

Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Certificata No. D7GH2zV2-1013_Jan25

|{CALIBRATION CERTIFICATE

The meas: and the o

Caloration Equipment used (M&TE Gitical o calibraton)

Primary Stangards 1D#

January 09, 2025

Calibration Procedure for SAR Validation Sources between 3-10 GHz

Oject D7GHzV2 - SN:1013
Caliteation procedirols) QA CAL-22.v7
Catbration date:

This calibeation centdicate documants the fraceabiity to natlonal stancards, which raglize the physical units of measurements {SI)
with confidance probabiity are given on 1he fallewing pages and are part of 1he carilicate

Al calibraticns hava baen canducted in the dosed laboratory facility: @meonment semperature {22 £ 3)°C anit humidity < 70%.

Network Analyzer Keysight ESOS3A | SNAMYS4604221

Name
Calibrated by Kregimir Franjic
| Agpraved by; Sven Kohn

| This saiibration cartilicate snal not be repraduced excapt in foll without witien aoproval ol fha laboratony.

Cal Date {Cetilicate No.} Schaduled Catbration
Power sensor RAS NRP32T SN: 100867 26-Mar-24 (No. 217-04008) Mar-25
Rafarance 20 dB Attanuator SN: BHI334 (20k) 26-Mar-24 (No. 217-04046) Mar-25
Mismatch combinalion SN: 84224 1 3600 28-Mar-24 (No. 217-04050} Mar-25
Reference Probe EX20V3 SN; 7405 O1-Jul-24 (No, EX3-7405_Ju24) JuE-25
DAEA SN: 908 27-Mar-24 {No. DAEA-908. Mar23) Mar25
Sacardary Standards I ¥ Chack Dale (in hause) Scheduled Chack
AF generator Anapice APSINZ0OG SN B2y 18-Dac-13 (In nousa chack Jan-24) In house check: Jan-2%
Powar sensor NAP-Z23 | SN- 160169 10Jan<19 (n house chack Jan-24) In house check: Jan2%
Powear sensor NRP-18T | SN: 100950

28-5ap-22 {in housa check Jan-24)
31-Gea-18 (0 house check Sap-24)

Function
Laboratory Technician

Technical Manager

In house chack: Jan-25
in housa check: Sep2§

Signature

Issuad: January 17, 2025

Certifficate No: DTGH2V2-1013_Jan25
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Calibration Laboratory of S Schweizerischer Kafibr
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S swiss Calitvation Service
Actredites by the Swiss Accreditation Senvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z
N/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 Speclfic Absorption Rate
Of Human Exposure To Radio Frequency Fields From Hand-Held And Body-Wom Wireless
Communication Devices - Part 1528: Human Models, Instrumentation And Procedures (Frequency
Range Of 4 MHz To 10 GHz)", Octoher 2020.

Additional Documentation:
b) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipcle is mounted with the spacer o position its feed point
exactly below the center marking of the flat phantom section, with the arms oriented parallel to the
body axis.

o Feed Point Impedance and Return Loss: These parameters are measured with the dipole positioned
under the liquid filled phantom, The Retum Loss ensures low reflected power, No uncertainty
required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized 1o an input power of 1 W at the antenna connector,
SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the nominal
SAR result,

« The absorbed power density (APD): The absorbed power density is evaluated according to
Samaras T, Christ A, Kuster N, “"Compliance assessment of the epithelial or absorbed power density
above 6 GHz using SAR measurement systems’, Bioeleciromagnetics, 2021 (submitted). The
additional evaluation uncertainty of 0.55 dB (rectangular distribution) is considered.

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 95%.

Centificate No: D7GHzV2-1013_Jan25 Page 2 of §
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASY6S V162
Extrapolation Advanced Extrapciation
Phantom Medular Flat Phantomn
Distance Dipole Center - TSL 5 mm with Spacer
Zoom Scan Resolution dx, dy = 3.0 mm, dz =1.2mm Graded Ratio = 1.2 (Z direction)
Frequency 7000 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C 339 6,65 mho/m
Measured Head TSL parameters (22.0+0.2)"C 34.1:6% 6583 mho/m +6 %
Head TSL temperature change during test <05°C e
SAR result with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 100 mW input power 28.4 Wikg
SAR for nominat Head TSL parameters normalized to 1W 285 Wikg = 24.7 % (k=2)
SAR averaged over 8 cm® (8 g) of Head TSL condition
SAR measured 100 mW input power 6.14 Wikg
SAR for nominal Head TSL parameters normatized ta 1W 61.5 Wikg +24.4 % (k=2)
SAR averaged over 10 cm? {10 g) of Head TSL conditan
S5AR measured 100 mW inpul power 5.01 Wikg
SAR for nominal Head TSL parameters normalized to 1W 50.2 W/kg = 24.4 % (k=2)
Certificate No: D7GHzV2-1013_Jan2§ Page 30i&
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 487 0-17)Q
Return Loss -33.3dB
APD (Absorbed Power Density)
APD averaged over 1 cm? Condition
APD measured 100 mW input power 284 Wim?
APD measured nermalized 10 1TW 2040 W/m2 x 29.2 % (k=2)
APD averaged over 4 cm* condition
APD measurad 100 mW Input power 123 Winv
APD measured normalized to 1W 1230 Wim2 = 28.9 % (k=2)

* The raported AFC values have baen devived using the pesSARTg and psSARS;.

General Antenna Parameters and Design

Alter long term use with 100W radiated power, only a slight warming of the dipoke near the feedpaint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipotes, small end caps
are added (o the dipole arms in order to improve matching when lcaded according to the position as explained in the
"Measurement Conditions’ paragraph. The SAR data are not affected by this change. The overall dipcte length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connactions near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by | SPEAG

Certificate Ne: D7GHzV2-1013_Jan25 Page 40i6
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DASY6 Validation Report for Head TSL

Measurement Report for D7GHz-1013, UID 0 -, Channel 7000 {7000.0MHz)

Device under Test Properties

Name, Manufacturer Dimensions [mm]) IMEL DUT Type
D7GHz 14.0%6.0x297.0 SN: 1013 -

Exposure Conditions

Phantom Position, Test  Band Group, Frequency Conversion TSL Cond. TSL

Section, TSL Distance uip [MHz] Factor {S/m] Permittivity
[mm]

Flat, HSL 5.00 Band cw, 7000 5.80 .83 1

Hardware Setup

Phantom TSL Probe, Calibration Date DAE, Calibration Date
MFP V8.0 Center - 1182 HBBLGCO-10000VE EX3DV4 - SN7405, 2024-07-01 DAES 5n208, 2024-03-27
Scan Setup Measurement Results
Zoom Scan Zoom Scan
Grid Extents [mm] 22.0x22.0x22.0 Date 2025-01-09, 11:53
Grid Steps [mm) 30x30x12 psSARIg fw/xg] 284
Sensor Surface [mm) 14 psSARSg [W/Kg) 6.14
Graded Grid Yes psSAR10g [W/Kg) 5.01
Grading Ratio 1.2 Power Drift [dB) 0.01
MAIA N/A Power Scaling Disabled
Surface Detection VMS + 6p Scaling Factor [dB]
Scan Method Measured TSL Correction No correction
M2/0482 {%] 51.4
Dist 3dB Peak {mm) 45

Certificate No: D7GHzV2-1013_Jan2s Page 5ol &
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data Measured 2026-05-20
Impedance; tranjsformed to feed 48.70-1.7jQ 50.90 - 1.2j0
point
Return Loss -33.3dB -34.0dB

Tret 500 Smith Ref 1 Cal

sn
0
Chl fb Start § GHz o 0dBm Stop B GHz
Tre2 00 @8 Mag 10d8/ Ref0d8 Cal 2
St
— 10
.10 S
20
L .30 5
70
Ch1 b Start 5 GHz Pt 0dBm Stop 9GHz

5202026, 1:10 PW
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5 Calibration report “HG10GV2 - SN: 1079”

- . S Schweizerischer Kalibrierdienst
Calibration Laboratory of e\& ;""""‘\ S ot
Schmid & Partner c Servizio svizzero d taratura
Engineering AG z ,—\ S Swiss Calibration Service
Zeughaussirasse 43, 8004 Zurich, Swilzerland 4 .ua-‘“ \
hccredited by the Swiss Acereditation Servica (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
ciient | Cetecom Advanced Certificate No. H10GV2-1079_Nov25
[ Saarbricken, Germany

CALIBRATION CERTIFICATE ]

Object H10GV2- SN: 1079

Catbration procesuree) QA CAL-45.v6

Calibration procedure for sources in air > 6 GHz

Calibestion date November 5, 2025

This calibration certificate dacuments the fraceabiity to national standards, which realize the prysical units of measurements (S1).
The measurements and the uncertaintias with confidenca probatility are gven on the following pages and are part ol he certificate.

All calibrations have Seen cangducted in the closad labaratory fachity: eavironment temgperature (22 + 3)°C and humidty < 70%.
Catbraton Equpment used (METE aritical koe calibration)

[ Primary Standards D Cal Date (Cartéicate No.) Schedulad Cal
Reference Probe EUMMWV3 SN: 9374 26-Aug-25 (No. Eumm_9374_Aug23) ALg-25
DAESp SN: 1602 " 3D-Oct-25 (No, DAEdip-1602_0ciz5) Ce26
Sacordary Standards D ] | Sheck Date (in house) Scheduled Check
ASvgnaJ Generator R&S SMF100A SN: 100184 26-Nov-24 INO 5G-Source-CalHC-202411) | Now-25

“Power Sensor RES NRP185-10 SN: 301258 26-Now-24 [No. 56G-Source-CaHHE202411) | Nov-25
Network Analyzer Kevslgm E50634 SN: MY54504221 0-Sepl-24 {No. 875-CAL16-54430-Sep2d) Sep-26

Name Funclion Signature

| Caliorated by Joarna Lieshaj Laboratory Technician W%,

Appeoved by Sven Kihn Technical Manager ‘Q:\

Issued: November S, 2025
This catbraton certificate shall not be reproduced except in full without wrtten approval of the aboeatory.

Certificate No: H10GV2-1078_Nov25 Page 1ol 8

cetecom advanced GmbH Document No. 1-2152-25-01-02_TR1-A303-R01
Untertuerkheimer Str. 6-10, 66117 Saarbruecken Page 29 of 46



cetecom

)

advanced
Calibration Laboratory of s, g S Schweizerischer Kalibrierdienst
ST ew (O =TT
Z 5 '#) S Swiss Calibration Service
o A

Zeughausstrasse 43, B004 Zunch, Swilzerland »

Accradiied by the Swiss Accrecitation Service (SAS) - Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multitateral Agreament for the recognition of calibration certificates

Glossary

CW  Coolinucus wave

Calibration is Performed According to the Following Standards

* Internal procadure QA CAL-45, Calibration procedure for sources in air above 6 GHz.
+ |ECEEE 63195-1, "Assassment of power density of human exposure 1o radio frequency fields from wireless devices in
close proximily 10 the head and body (requency range of 6 GHZ to 300 GHz)", May 2022

Methods Applied and Interpretation of Parameters

Coordinate System: z-axis in the waveguide horn boresight, x-axis is in the direction of the E-fleld, y-axis nermat to the
oihers in the fieid scanning plane parailel to the horn flare and horn flangs.

Measurement Conglitions: (1) 10 GHz: The radiated power is the forward power to the horn antenna minus ohmic and
mismatch koss. The forward power is measured prior and after the measurement with & power sensor. During the
measurements, the horn is directly connected to the cable and the antenna ohmic and mismatch losses are determined by
tar-figld measurements, {2) 30, 45, 60 and 90 GHz: The verification sources are switched on for at least 30 minutes.
Absorbers are used around the probe cub and at the celling to minimize reflections.

Horn Positioning: The waveguida horn is mountad vertically on the flange of the waveguide source to allow vertical
positioning of the EUmmW probe during the scan. The plane is paraiia! io the phantom surface. Probe distance is verified
using mechanical gauges positioned on the flare of the horn,

E-field distnbution; The E-fiekd s measured in two x-y-planes (10mm, 10mm + 4/4) with 3 vectorial E-field probe. The
E-tield value stated as callbration value represents the E-tield-maxima and the averaged (1em? and 4cm?) power density
values at 10mm in front of the horn.

Fieid polanzalion: Above the open horn, linear polarization of the fieid is expected. This is verified graphically in the field
representation.

.

Calibrated Quantity

+ Local peak E-Tiekd {Vim) and average of peak spatial components of the poynting vector (W/mé) averaged over the surface
“area of 1 om® and 4em? at the nominal operational frequericy of the verification source. Both square and circular averaging
results are lisfed,

The reported unceriainty of measurement is stated as the standard uncertainty of measuremert multiplied by the
coverage factor k=2, which for a nermal distribution correspends to a coverage prebability of approximately 95%.

Certificate No: H10GV2-1079_Nov25 Page 20t 8
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H10GV2- SN: 1079 November 5, 2025
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS Module mmWave V32
Phantom 5G Phantom
Distance Horn Aperture - plane 10 mm
Number of measured planes 2 {10mm, 10mm + 1/4)
| Frequency 10.0 GHz + 10 MHz
Calibration Parameters, 10 GHz
Circular Averaging
Distance Horn 1 i ; Avg Power Density y
Aperture to ?rr:\?f} M‘;‘vi:]'”d U“gf:“;')'“y Avg { psPDN=, pSPDIoL+, psPOMod) U"(f:';')"t"
Measurement Plane = (Wim?®}
tem® demn”
10 mm 433 150 1.27 dB 587 54.9 1.28dB
Distance Horn ' Power Density
Aperture 1o :’:\:) ""’:me";e“’ ““gf:'g)““‘ psPDn+, psPDtots. psPDmods “"&e_‘_“;‘;‘w
Measurement Plang (W)
1cm® 4cm®
10 mm 93.3 150 1.27d8 58.5, 58.8. 58.9 54.6,594.9,55.1 1.28d8
Square Averaging
Distance Horn ' : Avag Power Dengity
Apertura to '(:'?\n?h Ma():f“-\l;eld Un((':(e:;l]n 24 Avg ( psPDn+, psPDiot+, psPDmod+) Un[t:‘e ? gl)n 4
Measurement Plane (W/m2)
1em® 4cm?
10'mm 433 150 1.27 dB 58.7 54.8 1.28 dB
Distance Horn 1 . Power Density =
Aperture to i S Rl i psPON+, psPDiots, psPOMods+ U““'(k i
Measurement Piane - (Wi %
1cm® dcm®
10 mmy 93.3 150 127 6B 58.5, 58.8,58.9 545,548,550 1.28d8
Max Power Density
Uistancy Horm Prad! Max Eield | Uncertainty WX Fower Demelty Uncertainty
Aperlure to (W) (Vi) k=2) Sn, Stot. |Stot! k=2)
Measurement Plane (Wim?)
. 1Gmm 833 150 127 dB 60.0, 60.3, 60.4 1.28 dB

1 Anzessec chme and msmatch lass pus numencs! offsat: 0.30 ¢
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H10GV2- SN: 1078

Appendix (Additional assessments outside the scope of SCS 0108)

Nevember 5, 2025

Antenna Parameters

f;npodam, transformed to feed point 53.10-30j0Q
| Return Loss 276dB
Impedance Measurement Plot

511 Smith {R+|X) Scale 1.00
>1 10.000000 GHz 52.067 Q -3.004 1

2
J

N/
N
! %%%@aﬁ

'
¢

\

10.00
5.00
0.00

-5.00
-10.00
-15.00 |-
-20.00
-25.00
-30.00
-35.00

>1 10000000 GHz -27.610 dB

9.00 10.00 11.00
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H10GY2- SN: 107 November 5, 2025

DASY Report
Measurement Report for SG Verification Source 10 GHz, UID 0 -, Channel 10000.0 (10000.0 MHz2)

Device Under Test Properties

Model, Manidactiesr Dimenvara [rem) (L1 OUT Tyse

HIDGY2- SN 1978 WoAxiMEext20 W 1nn

Expasurs Conditions

Paaniom Sectian Positien, Test Dutance [imn)] Bard Croue, UD Freguency IMHz), Channdl Somtes Coawersion Factor
5C - 00 mm alvzakion hard W, 0- 10200 0,10020 15
Hardware Setup
Fharcom Nedipm Frove. Callsrvon Done TAL, Cathration Date
reniiaes Fhantom Np - FUROWAE - SNDITAFT-550M2, 1025-06-26 DARAG - SNTE0Z, 2025-10-30
Scans Setup Measurement Results
Sonsee Surtace e 10.0 Sean Type 5G Scan
MALA MYA T wied Date 20251108
M. Area fem®] 120
vy Type Croalas Aneraging
puln. la =] SES
ealots (W/m') i84
g<PDmads [/ m} 535
Moys (S0 W/ ) 0o
VaiStan Wim?| L8]
Maai St s o md] e
Epq VI 150
Powes Dt ge2 o2
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H10GV2- SN 1079

DASY Report

November 5, 2025

Measurement Report for $C Verification Source 10 GHz, UID 0 -, Channel 10000.0 {10000.0 MHz}

Wodel Manatacrires

Omernions jmm

e LUT Type

HICCV2- 58 1073

1000 <1008 % 1720

b1

Exposure Corxlitions
Phaream Sechion Posenn, Tewt Dathece ) band Groep, WD Froquency INHIL Channe! Namizes Cormmersinn Faoe
5C 100 nm Validaticn 2and oW, 0- 10002.0,1 020D 10
Hardware Setup
Prantom Medum Probe, Cathration Dare OAE, Catiteation Dure
HAVaNE Fhamzm A EUMMAVI - SI374_F1-$5CKe, 2025-08-26

QAESIp ~ SR1G02, 2025-10-30

Scans Setup

Measurement Results

Sessar Surface [m]

10.0

S Tyse 56 5o
AL NALA mot used Date 2025-11-0%
wg, Ares Teredt 400

fenl. Type

Circular Aserag g

PO Wim'] L6
petliots [/ e?] 5¢49
ptOmads (Wit L1}
Naetse) W/ m°] 600
RIS W) ) 503
ManiiStot| | Wim?] 0.4
Epge /M) 150
Fomwer Dvex (d 002
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H10GV2- SN: 1079

DASY Repon

November 5, 2025

Measurement Report for 3G Verification Source 10 GHz, UID O -, Chanael 10000.0 {10000.0 MHz)

Device Under Test Properties

Madel Manplanres

Qimsminas fnml

e DUT Type

HICCV2- 581 1073

3000 % 1002 % 172.0

SN1079

Exposure Conditions
Phamcm Sectnn Manron, Tew Ontasce jrem] Bnd Crosp, LD Frocugndy INKZL Chasns! Naries Cammersion Facier
35 - 10.0 rem Yalatatize bwnd W, 0 10202.0,1 0200 10

Hardware Setup

ranion

Nedure

Probie, Cabhiration Date

OAL, Culiteatinn Date

T Phantem -

M-

CUMTAY Y - SNPSTA =S50y, 2025

D8-2b OALIp - SNI1E02, 202%-10-30

Scans Setup

Measurement Resuits

Sengae Surfoce [rom] 190 S Tge 9 Searn

Nal MALA 2ot used Dare 2025+31+08
Feoge Area [em) 100
g Tyae Sque fergng
wRA0N Wim’) 5ES
pse0tots IW/ned] ’;;
pstCimads fwim?) 589
Nael$ro [/ m?) Gue
MaelStotl [Wym®) £0.4
Manl/Seatis Wim®] 04
Fyag m) 150
Fower Do [dF] ooz
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H10GY2- SN: 1078 November 5, 2025

DASY Repont
Measurement Report foe SG Verification Source 10 GHz, UID Q -, Channel 100000 (10000.0 MH2)

Device Under Test Properties

Madel, Manfactiner Dimengars [rmm] M DUT Tyee

HIOCYL- Sh: 1070 1000« 1W0.0x172.0 1oa

Exposure Conditions

PRantom Sacton Posnion, Test Diganes tmn| Bard Crous, UL Fregquency INHz), Charasl Numéer Comerrsbon Faclos
5C 108 Valiativa toved oW, - 10200.0,50000 10
Hardware Setop
Phanron Nedum Prote, Calbiraton Dabe QAL Cibeation Dat
ramiWavn Paantom - At - FURMAYS - SHOST4_I1-55CHE, 2025-08-20 TAtep - SK 1402, 202%-10-30
Scans Setup Measurement Resuits
Servver Sarfocs {me] 160 Star Type S0 Szan
NALL WAL mat sved Datw 202%-11-0%
Peop. A TCrv 400
Lo Tyee Sqowrs Araraging
win. Wim') L7
PRty [mie’] 4.8
P Omed s fWim'] 550
NaxiSe! [/ m®] GO0
MaceiSioe W/ m’] §0.3
Maxe](Ston () IWam*] 04
£y Vi 1%
Powsr Drdr (3] 002
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6 Calibration certificate of Data Acquisition Unit (DAE) — SN: 477

3 3 T

Calibration Laboratory of S, § Schweizerischer Kalibrierdionst

Schmid & Partner S C Service suisse d'étalonnage
Engineering AG T g Servizio svizero ditaratura

Zeughausstrasse 43, 8004 Zurich, Switzerland NN Swiss Calibration Service

Accredited by the Swiss Accreditation Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client »Cetecom Advanced Centificate No: DAE4-477_May25
Sasrbricken - Germany

|CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BO - SN: 477

Calibration procedure(s) QA CAL-06.v30
Calibration procedure for the data acquisition electronics (DAE)

Calibration date May 12, 2025

This calibration certificate decuments the t bilty to national dards, which realize the physical units of measurements (S1)
The measurements and the unceramties with confidence prebability aré given on the following pages and are part of the certificste

All calibrations have been conducted In the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%

Calibration Equipment used (M&TE cntical for calibration)

Primary Standards |ID# _ Cai Date (Carificate No.) Scheduled Caforation
Keithlzy Muttimater Type 2001 | sN: 0810278 27-Aug-24 (No:40547) Aug-25
Secondary Standards l D# Check Date (in house) Scheduled Chack
| Auto DAE Calibration Unit SE UWS 053 AA 1001 23-Jan-25 (in house chegk) In house check: Jan-26
Cabbrator Bex V2.1 SE UMS D06 A4 1002 23-Jan-25 (in howuse chack) In house check: Jan-26
Nams Function Sianature
Cazlibrated by: Dominique Steffen Laboratory Technician

Approved by: Sren iy Mg s \l \) @ '\ KA/{AA I

Issued: May 12, 2025

This calibration certificate shall not be reproduced except in full without written approval of the faboratory

Certificate No: DAE4-477_May25 Page 1 0f5
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7 Calibration certificate of Data Acquisition Unit (DAE) — SN: 1842

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero ¢l taratura

S Swiss Calibeation Service

Accredited by the Swiss Accrediation Sendce (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client  Cetecom Advanced 5
e s s Certificate No: DAE4ip-1842_Nov25

|CALIBRATION CERTIFICATE
|

| Doject DAE4ip - SD 000 D14 AG - SN: 1842

Calibraticn precadure|s) QA CAL-06.v30
Calibration procedure for the data acquisition electronics {DAE)

Calibeation date; November 12, 2025

This caloration cenificate dacuments the traceabiily to natianal standards, which realize the physical units of measurernents (S1)
The measurements and the uncertanties with confidence probabilty are given on the faliowing pages and ana past of the cenificate

AT celbratons have bean conducted in tha closaed laboratory facility: envircnment lemperature (22 = 3)°C and huerrdity < 70%.

Calisration Eguipment used (M&TE crilical for catbration)

Primary Stardards ID# Cal Date (Cenificate No ) Scheduled Calitration I
Kethiay Mullimeter Type 2001 I SN: 0810278 15-Aug-25 (Na.43873) Aug26 ;
Secondary Standards [D# Check Date {in house) Stheduled Check
Auta DAE Calibeation Unit ‘ SE UWS 052 AA 1001 23-Jan-25 {in house check) In house check: Jan-26
Calibrator Box V2.1 | SE UMS 006 AA 1002 23-Jan-25 (in house check) In house check: Jan-28
Narme Funrction Signature
Calbrated by: Tims Ratt Laboratary Technician W m
Approved by. Swen Kiuhin Techrcal Manager \
WS U]
Issued: November 12, 2025
This calibration cettficate shall nat be reproduced except i full without written approval of the Isboratory.

Certificate No: DAE4ip-1842_Nov25 Page 10l 5
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Schenid & Partner Ergineering AG

—S_ D

8 Certificate of “SAM Twin Phantom V8.0"

—

a9

Zeughaussirasse 43, 8004 Zurich, Switzarkand
Phone +41 44 245 9700, Fax +41 44 245 9779
Info@speag.com, htpwww.speag.com

Certificate of Conformity / First Article Inspection

Item SAM Twin Phantom V8.0
Type No QD 000 P41 A
Series No TP-1912 and higher
Manufacturer Untersee Composites
Knebeistrassa 8, CH-8268 Mannenbach, Switzerland
Tests

Complete tests were made on the pre-series QD 000 P40 A, # TP-1001, on the series first article QD
000 P40 B # TP-1006. Certain parameters are retested on series dems.

Test Requirement — Details Units tested
Dimensions Compliant with the geometry IT'1S CAD File * First article,
according to the CAD model. Samples
Material thickness | 2mm +/- 0.2mm in fiat section, in Nat saction, Flrst article,
of shel| other locations: +/- 0.2mm with | in the cheek area Samples,
respect to CAD file TP-1314 ff,
Material thickhess | 6mm +/- 0.2mm at ERP First article, All
at ERP ltems
Material rel. permittivity 2 - 5, rel. permittivity 3.5 +/- 0.5 | Material
paramelers foss tangent s 0.05, al f< 6 GHz | loss tangent 5 0.05 samples
Material resistivity | Compatibility with tissue Compatible with SPEAG Phantoms,
simulating liquids . liguids, ** Materlal sample
Sagging Sagging of the fiat section in < 1% for filling height up | Prototypes,
tolerance when filled with tissue | to 155 mm Sample testing
simulating liquid,

*  ThelT'lS CAD file is derived from [2] and is also within the tolerance reguirements of the shapes of
the other documents.

" Note: Compatibdity restrictions apply certain liquid components mentioned in the standard,
centaining e.9. DGBE, DGMHE cor Triton X-100. Observe technical note on material compatibliity.

Standards

[1] KDB 865664, *SAR Measurement Requirements for 100 MMz to 6 GHz"

[2] IEEE 1528-2013, "Recommended Praclice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, June 2013

[3] IEC 62209-1 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human medels, instrumentation, and procedures - Part 1:
Procedure lo determine the specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MMz lo 3 GHz)", February 2005

[4] |EC 62209-2 ed1.0, "Human exposure to radio frequency fields from hand-heid and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 2;
Procedure to determine the specific absorption rate {SAR) for wireless communication devices used
in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

Conformity

Based on the sample tests above, we certify that this item is in compliance with the uncertainty

requirements of hand-held SAR measurements and system performance checks as specified in [1 - 4]

and further standards.
s p e a g :
Date 10.06.2015 Schand & Farinat Engeeerng AG
% Zesghassuase 43, 8004 2uch, Swuers o
Signature / Stam Fhon +41 :’2:5“%03 Fax 441 44 2459770

DocNo 881~ GD OO0 P41 A - A Page 101
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9 Certificate of “ELI Phantom V8.0"

Schmid & Partaer Enginesting AG S p e a g

Zeughsusstrasse 43, B004 Zurich, Switzerdand
Phona +41 44 245 9700, Fax +41 44 2459779
info@speag com, httpdfwnwvw.speag.com

Certificate of Conformity / First Article Inspection

Hem Oval Flat Phantom ELI v8.0
Type No QD OVA 004 A
Series No 2048 and higher
Manufacturer Unterses Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzerland

Tests
Complete tests were made on the prototype units QD OVA 001 A, pre-series units QD OVA 001 B as
wedl as on some seres units QD OVA 001 B, QD OVA 003 A and QD OVA DO4A.

Test Requirement Detalls Units tested
Shape Internal dimensions, depth and | Bottorn eliiptical 600 x 400 Protolypes
sagging are compatible with mm, Depth 180 mm,
standards dimension compliant with 1)
for{ > 375 MHz
Material thickness | Bottom: dimension complant with all
2.0mm +/- 0.2mm [3] for I > 800 MHz
Material rel. permittivity 2 - 5, rel. parmittivity 3.5 +/- 0.5 Material
parameters foss tangent £ 0.05, at fs 6 loss fangent < 0.05 samples
GHz
Material Compatibility with tissue Compatible with SPEAG Phantoms,
reaistivity simulating liqusds . liquids. ** Material
_— sample
Sagging Sagging of the fiat section in within tolerance for filling Prototypes,
tolerance when filled with height up to 155 mm samples
| tissue simulating liguid.

**Note: Compatibility restrictions apply certain liquid components mentioned in the standard,
containing ©.g9. DGBE, DGMHE or Triton X-100. Observe technical note on material compatibiity,

Standards

[1] KDB 855664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

[2] |EEE 1528-2013, "Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate {SAR) in the Human Head from Wirsless Communications Devices: Measurement
Techniques, June 2013

[3] |EC 62209-1 ed1.0, "Human exposure to radio frequency fields from hand-held and body-mounted
wirgless communication devices - Human models, instrumenialion, and procedures - Part 1.
Procedure lo determine the specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

14) |EC 62209-2 ed1.0, "Human exposure to racdio frequency fields from hand-held and bady-mounted
wireless communication devices - Human models, insirumentation, and procedures - Part 2:
Procedure to determine the specific absorption rate (SAR) for wireless communication devices used
In close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

Conformity

Based on the sample tests above, we certify that this ilem is in compgance with the uncertalnty
requirements of body-worn SAR measurements and system performance checks as specified in [1 — 4]
and further standards.

B e 8 8
Date 10.06.2016 -
& Fu!'«f;ngm NG At
USSASeE ich, e
Signature / Stamp / 48144 245 3700, Fa ~41 24 245 977
no@speeg com, D Mwawe s0e2g com
DocNo EB81-QDONVADD4A-A Page 1(1)
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10 Application note system performance check

10.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and operator
errors can be detected and corrected. It is recommended that the system performance check is performed prior
to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on the
proper functioning of many components and the correct settings of many parameters. Faulty results due to drift,
failures or incorrect parameters might not be recognized, since they often look similar in distribution to the
correct ones. The Dosimetric Assessment System DASY incorporates a system performance check procedure
to test the proper functioning of the system. The system performance check uses normal SAR measurements in
a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized source (a matched
dipole at a specified distance). This setup was selected to give a high sensitivity to all parameters that might fail
or vary over time (e.g., probe, liquid parameters, and software settings) and a low sensitivity to external effects
inherent in the system (e.g., positioning uncertainty of the device holder). The system performance check does
not replace the calibration of the components. The accuracy of the system performance check is not sufficient
for calibration purposes. It is possible to calculate the field quite accurately in this simple setup; however, due to
the open field situation some factors (e.g., laboratory reflections) cannot be accounted for. Calibrations in the
flat phantom are possible with transfer calibration methods, using either temperature probes or calibrated E-
field probes. The system performance check also does not test the system performance for arbitrary field
situations encountered during real measurements of mobile phones. These checks are performed at SPEAG by
testing the components under various conditions (e.g., spherical isotropy measurements in liquid, linearity
measurements, temperature variations, etc.), the results of which are used for an error estimation of the system.
The system performance check will indicate situations where the system uncertainty is exceeded due to drift or
failure.

10.2 System performance check procedure
Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be entered
in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease of
1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the correct
distance holder in place. The distance holder should touch the phantom surface with a light pressure at the
reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate positioning is
not necessary, since the system will search for the peak SAR location, except that the dipole arms should be
parallel to the surface. The device holder for mobile phones can be left in place but should be rotated away from
the dipole. The forward power into the dipole at the dipole SMA connector should be determined as accurately
as possible. The actual dipole input power level can be between 20mW and several watts. The result can later
be normalized to any power level. It is strongly recommended to note the actually used power level in the
L~comment“-window of the measurement file; otherwise you loose this crucial information for later reference.
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System Performance Check

The DASY installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you must
save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own measurement
procedures by opening a new document or editing an existing document file). Before you start the validation,
you just have to tell the system with which components (probe, medium, and device) you are performing the
validation; the system will take care of all parameters. After the validation, which will take about 20 minutes, the
results of each task are displayed in the document window. Selecting all measured tasks and opening the
predefined “validation” graphic format displays all necessary information for validation. A description of the
different measurement tasks in the predefined document is given below, together with the information that can
be deduced from their results:

. The ,reference” and ,drift” measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above t+ 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY system below + 0.02 dB.

. The ,area scan” measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

. The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
,area” scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons. The
next section analyzes the expected uncertainties of these values. Section 6 describes some additional checks
for further information or troubleshooting.

10.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on the
actual equipment and setup at the user location and need to be either assessed or verified on-site by the end user
of the DASY system:

* RF ambient conditions

+ Dipole Axis to Liquid Distance

+ Input power and SAR drift measurement

+ Liquid permittivity - measurement uncertainty
+ Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of that.
The liquid parameter assessment give the targeted values from the dipole document. All errors are given in
percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation DASY 5/8 and cDASY6

In the tables below, the system validation uncertainty with respect to the analytically assessed SAR value of a
dipole source as given in the IEC/IEEE 62209-1528 standard is given. This uncertainty is smaller than the expected
uncertainty for mobile phone measurements due to the simplified setup and the symmetric field distribution.

cDASY 6 - Uncertainty Budget for System Validation
for the 0.3 - 6 GHz range

Source of Uncertainty Probability L G Gi Standard Uncertainty 2
. o Divisor V;“ OF Vg

uncertainty Value Distribution (1g) (10g)  +% (1g)  + %, (10g)
Measurement System
Probe calibration + 66 % Normal 1 1 1 + 66% + 66% 00
Axial isotropy + 47 % | Rectangular v 3 1 1 + 27% + 27 % 0
Hemispherical isotropy + 9.6 % Rectangular v 3 0 0 + 00% + 00% 00
Boundary effects + 1.0 % Rectangular v 3 1 1 + 06% + 06% 00
Probe linearity + 47 % Rectangular v 3 1 1 + 27% + 27 % 00
System detection limits + 1.0 % Rectangular v 3 1 1 + 06% + 06% 00
Modulation Response + 00 %  Rectangular v 3 1 1 + 00% + 00% 0
Readout electronics + 03 % Normal 1 1 1 + 03% + 03% 00
Response time + 00 %  Rectangular v 3 1 1 + 00% + 00% 00
Integration time + 00 %  Rectangular v 3 1 1 + 00% + 00% 0
RF Ambient Noise + 1.0 % Rectangular v 3 1 1 + 06% * 06% 00
RF Ambient Reflections + 1.0 % Rectangular v'3 1 1 + 06% + 06% 00
Probe positioner + 0.04 % Rectangular v 3 1 1 + 00% + 00% 00
Probe positioning + 08 %  Rectangular v 3 1 1 + 05% + 05% 0
Max. SAR evaluation + 00 %  Rectangular v 3 1 1 + 00% + 00% 0
Dipole Related
Dev. of exp. dipole + 55 % Rectangular v + 32% * 32% 00
Dipole Axis to Liquid Dist. + 20 % Rectangular v 1 1 + 12% = 12 % 00
Input power & SAR drift + 34 % Rectangular v 3 1 1 + 20% + 20% 00
Phantom and Set-up
Phantom uncertainty + 40 % Rectangular v 3 1 1 + 23% + 23 % 00
SAR correction + 19 % Normal 1 1 084 +* 19% = 16% 00
Liquid conductivity (meas_)DAK + 25 % Normal 1 078 071 + 20 % + 1.8 % 0
Liquid permittivity (meas.)DAK + 25 % Normal 1 023 026 = 06% = 07% 00
Temp. unc. - Conductivity®® + 34 % Rectangular v 3 078 071 = 15% * 14 % 00
Temp. unc. - Permittivity® t 04 % Rectangular v 3 023 026 + 01% % 01% 0
Combined Uncertainty + 95% t+ 94 %
Expanded Std. Uncertainty + 19.0 % + 18.8 %

Table 1: Uncertainties of a system validation with cDASY6 (0.3-6GHz).
The RF ambient noise uncertainty has been reduced to +1.0, considering input power levels are = 250mW.
Footnote details:

B8 if SPEAG's broad-band liquids (BBL) are used that have low temperature coefficients;
DAKif SPEAG's high precision dielectric probe kit (DAK) is applied.
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Uncertainty Budget for System Validation
(Frequency band: 300MHz - 6GHz range) with DASY8 System

. Uncertainty  Probability . . Ci Ci Standard Uncertainty

Symbol Error Description Value Distribution Divisor a - -
g9) (10g) *%,(1g) *%, (109)

Measurement System Errors
CF Probe Calibration Repeat. + 131 % Normal 2 1 1 + 93% * 93 %
CFdrift  Probe Calibration Drift + 1.7 % Rectangular v 3 1 1 + 1.0% £ 1.0%
LIN Probe linearity + 47 % Rectangular v 3 0 0 + 00% * 00%
BBS Broadband Signal +* 0.0 % Rectangular v 3 0 0 * 00% * 0.0%
ISO Probe Isotropy (axial) + 47 % Rectangular v 3 0 0 + 00% + 00%
DAE Data Acquisition + 03 % Normal 1 0 0 + 00% = 00%
AMB RF Ambient + 06 % Normal 1 0 0 + 00% £ 0.0%
Agys Probe Positioning + 05 % Normal 1 029 029 +* 01% * 01%
DAT Data Processing + 00 % Normal 1 1 1 *+ 00% = 00%
Phantom and Device Errors
L|Q(O’) Conductivity (meas.)DAK + 25 % Normal 1 0.78 071 + 20% = 18 %
L|Q(T0') Conductivity (‘temp_)BB + 3.4 % Rectangular v 3 0.78 071 = 15% = 14 %
EPS Phantom Permittivity * 140 % Rectangular v 3 0 0 + 00% = 0.0%
DIS Distance DUT - TSL +* 13 % Normal 1 2 2 * 26% * 26 %
MOD DUT Modulationm + 0.0 % Rectangular v 3 1 1 + 00% * 00%
TAS Time-average SAR + 0.0 % Rectangular v 3 1 1 *+ 00% = 00%
VAL Validation antenna + 32 % Normal 1 1 1 * 32% * 32%
Pin Accepted power * 20 % Normal 1 1 1 + 20% £ 20%
Correction to the SAR results
C(e,0) Deviation to Target + 19 % Normal 1 1 084 + 19% + 16 %
u(ASAR) Combined Uncertainty + 108 % + 10.7 %
U Expanded Uncertainty +21.7 % * 21.5%

Table 6.2.1: Uncertainty of a system validation with DASY8 system (300MHz - 6 GHz).

The RF ambient noise uncertainty has been reduced to + 1.0, considering input power levels are = 250mW. All
listed error components have V e f fequal to co.

Footnote details:
BB if SPEAG's broad-band liquids (BBL) are used that have low temperature coefficients;
DAKif SPEAG's high precision dielectric probe kit (DAK) is applied.
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10.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the evaluation
of the uncertainty in your system. The uncertainty also depends on the source matching and the general setup.
Below follows the description of a recommended setup and procedures to increase the accuracy of the power
reading:

dir.

. 3dB .
Signal Low cable
Generator Pass [:AttS } } @

- Att2 |;
® —=—(m) ()

&) —=
Dipole

The figure shows the recommended setup. The PM1 (incl. Att1) measures the forward power at the location of
the validation dipole connector. The signal generator is adjusted for the desired forward power at the dipole
connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the signal
generator is readjusted for the same reading at power meter PM2. If the signal generator does not allow a setting
in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the normalization of the
validation results. The requirements for the components are:

«  The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole should
be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver 15dBm or
more, an amplifier is not necessary. Some high power amplifiers should not be operated at a level far below
their maximum output power level (e.g. a T00W power amplifier operated at 250mW output can be quite
noisy). An attenuator between the signal generator and amplifier is recommended to protect the amplifier
input.

«  The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For most
amplifiers in normal operation the filter is not necessary.

«  The attenuator after the amplifier improves the source matching and the accuracy of the power head. (See
power meter manual.) It can also be used also to make the amplifier operate at its optimal output level for
noise and stability. In a setup without directional coupler, this attenuator should be at least 10dB.

«  The directional coupler (recommended * 20dB) is used to monitor the forward power and adjust the signal
generator output for constant forward power. A medium quality coupler is sufficient because the loads (dipole
and power head) are well matched. (If the setup is used for reflective loads, a high quality coupler with respect
to directivity and output matching is necessary to avoid additional errors.)

+  The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy has no
impact on the power setting. Calibration is not required.

+ The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of the
dipole for measuring.
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+ The power meter PM1 and attenuator Att1 must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher power
heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the frequency
used must be known; many attenuators are up to 0.2dB off from the specified value.

+  Use the same power level for the power setup with power meter PM1 as for the actual measurement to avoid
linearity and range switching errors in the power meter PM2. If the validation is performed at various power
levels, do the power setting procedure at each level.

+  Thedipole must be connected directly to the cable at location “X”. If the power meter has a different connector
system, use high quality couplers. Preferably, use the couplers at the attenuator Att1 and calibrate the
attenuator with the coupler.

+  Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

10.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance will
produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this check,
since the validation is sensitive to laboratory reflections. The same tests can be performed with a mobile phone,
but most phones are less sensitive to reflections due to the shorter distance to the phantom. The fastest way to
check for reflection effects is to position the probe in the phantom above the feed point and start a continuous
field measurement in the DASY multi-meter window. Placing absorbers in front of possible reflectors (e.g. on the
ground near the dipole or in front of a metallic robot socket) will reveal their influence immediately. A 10dB
absorber (e.qg. ferrite tiles or flat absorber mats) is probably sufficient, as the influence of the reflections is small
anyway. If you place the absorber too near the dipole, the absorber itself will interact with the reactive near-field.
Instead of measuring the SAR, it is also possible to monitor the dipole impedance with a network analyzer for
reflection effects. The network analyzer must be calibrated at the SMA connector and the electrical delay (two
times the forward delay in the dipole document) must be set in the NWA for comparisons with the reflection
data in the dipole document. If the absorber has a significant influence on the results, the absorber should be
left in place for validation or measurements. The reference data in the dipole document are produced in a low
reflection environment.

10.6 Additional system checks

While the validation gives a good check of the DASY system components, it does not include all parameters
necessary for real phone measurements (e.g. device modulation or device positioning). For system validation
(repeatability) or comparisons between laboratories a reference device can be useful. This can be any mobile
phone with a stable output power (preferably a device whose output power can be set through the keyboard). For
comparisons, the same device should be sent around, since the SAR variations between samples can be large.
Several measurement possibilities in the DASY software allow additional tests of the performance of the DASY
system and components. These tests can be useful to localize component failures:

+ Thevalidation can be performed at different power levels to check the noise level or the correct compensation
of the diode compression in the probe.

+ If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode compression
compensation can be tested. The correct crest factor parameter in the DASY software must be set (see
manual). The system should give the same SAR output for the same averaged input power.

+ The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic probe
alignment procedure must be passed through for accurate probe rotation movements (optional DASY feature
with a robot-mounted light beam unit). Otherwise the probe tip might move on a small circle during rotation,
producing some additional isotropy errors in gradient fields.
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