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stated in the accreditation certificate starting with the
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information
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Calibration report “Probe EX3DV4” — SN: 7635

Calibration Laboratory of
Schmid & Partner

Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzarland

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signafories to the EA
Multilateral Agreement for the recognition of callbration certiticates
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Client Cetecom Advanced

Saarbriicken, Germany
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Schweizerischer Kalibrierdienst
Service suisse d'élalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.; SCS 0108

|
\ Certificate No.

EX-7635_Jan26

CALIBRATION CERTIFICATE

Calibration procedure for dosimetric E-field probes

Object EX3DV4 - SN:7635
Calibration procedurais)

QA CAL-25.v8, QA CAL-4B.v2
Calbration dats January 19, 2026

QA CAL-01.v10, QA CAL-12.v10. QA CAL-14.v7, QA CAL-23.v6,

This calibration certificate documents the traceabifty to national stardards, which realize the physical units of measuramants (S1),
The measuraments and the uncartainties with confidenca probabllity are given an the follawirg pages and are part of the cerificate,

Al calibratiors have been conducted in the ciosed labaratary faciity: snvironmant temperature {22 £ 3)°C and humidity < 70%.

Calibration Equipmant used (METE critizal lor calibration)

Primary Standards D Callbration Date {Gertificate No.) Schad, Gal,
Power Senste R&S NRPAOT SN 101881 29-Apr-25 (No. 2025-00145Q) Ape-26
N-typa mismatch combination SN: L1193 | 26.Mar-25 [No, 217-04292) Mar-26
OCP DAK-12 SN: 1016 16-Sept-25 (No. OCP-DAK12-1016_Sep25] | Sep-25
OCP DAK3S SN: 1248 16-Sapt-25 (No. QCP-DAKS.5-1249_Sep25] | Sep-26

| Fefrence Probe EXADV& BN; 7345 10-Jan-25 {No, EX3-7348_Jan2s) Jan-26
DAE4 SN: 1501 30-0c1-25 (No. DAE4-13D1_Oct25) Oct-26
Sacondary Standards o Chack Date |in heuse) Sched. Chack
ACAF 2020 Selup 1 SN; L1404 01-0¢1-25 (No. IHCK_ACAP2020-1_0Qct25) | Oct-26
OCP DAK-12 SN: 1029 27-Feb-25 |No. OCP-DAK12-1029_Feb25) Fab-26
OCP DAK-3.5 SN: 1336 10-Dec-25 (No. OCP-DAKZ 5-1336_Dec25) | Dac-26

Name Function Signalure )
Catb ; iz aa) ) ‘
rated by Henrlgue Aimaida Labaratary Technigian Hx'qw e Agnw 0{(‘
-

Approved by Svean Kihn Technical Manager

=

Issued: Janvary 18, 2026
Thig calibeation certficate shall nat be reproduced axcapt in full without written aparoval of the labaratory,

Centificate No: EX-7635_Jan26

Page 10l 20
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W, S Schweizerischer Kalibrierdienst
Calibration Laboratory of SN, /o ST
Schmid & Partner C  servizio svizzero di taratura
Engineering AG N 4 2/ S Swiss Calibration Service
Zeughausstrasse 43, 8004 Zurich, Swizerand ".,,",{;:.h}.:' "\
Accradied by the Swiss Accraditation Sarvice [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificales

Glossary

TSL lissue simulating bquid

NORM:.y,z sensitivity in free space

ConvF sensiivity in TSL/ NORMX,y.2

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A B C.D modulation dependent linearization parameters

Polarization ¢  rotation around probe axis

Polarization £  rotation around an axis that Is in the plane normal 1o probe axis (at measurement center), i.e., 8=0is
normal to probe axis

Connecter Angle  information used in DASY system to abign probe sensor X 1o the robot coordinate system

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 Radlo Frequency Fields From Hand-Held And Body-Worn Wiraless Communication Devices — Part 1528: Human
Modsls, Instrumentation And Procedures (Frequency Range of 4 MHz 1¢ 10 GHz)", Octobar 2020,

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

Methods Applied and Interpretation of Parameters:

NORIMx,y,z: Assessed for E-field polanization 8 =0 ({ < 900MHz in TEM-cell; f = 1BD0MMz: R22 waveguide). NORMx,y.z
are only iniermediate values, | ¢.. the uncertainties of NORNMx.y,z does not affect the E-field uncartainty inside TSL (see
below ConvF).

NORM{fx.y.z = NORMx. .z * frequency _response (see Frequency Response Chart). This linearization is implemented in
DASY4 software versions later than 4.2. The uncertainty of the frequency respense Is included in the stated uncertainty of
ComF,

DCPx,y.z: DCP are numerical Enearization paramelers assessed based on the data of power sweep with CW signal, DCP
does not depend on frequency nor media.

PAR: PAR Is the Peak 1o Average Ratio that is not calibrated but determinad based on the signal characteristics

Ax.yz: Bx.y.z; Cxy.2; Dx,y.z; VAx,y.z: A, B, C, D are numerical linearization parameters assessed based on the data of
power sweep for spacilic medulation signal. The parameters do not depend on freauency nor media, VR is the maximum
calibration range expressed in BMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flal phantom uging E-fisld (or Temperature Transfer Standard for

1 =800MHz} and insidg waveguids using analytical fiekd distributions based on power measurements for £ > 800MHz. The
same setups are used for assessment of the parameters applied for boundary compensation (alpha, depth) of which typical
uncertainty values are given. These parameters are used in DASY4 soltware to improve probe apouracy close o the
beundary. The sensitivity in TSL corresponds 1o NORMY,y.z * ConvF whereby the uncertainty corresponds to that given dor
ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which allows extending the valdity from
+50 MHz to +100 MHz.

Spherical isofropy (30 deviation from isotropy): In a field of low gradients realized using a flat phantom exposed by a paich
anfenna.

Sensor Offset: The sensor offset coresponds to the olfset of virtual measurement center from the probe tip (on probe axis).
No {elerance required.

Connector Angle: The angle is assessed using the information gained by determining the NOAMYX (no uncertainty required).

.

.

Cortificate No: EX-7635_Jan28 Page 2 of 20
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EX3DV4 -

SN:7635

Parameters of Probe: EX3DV4 - SN:7635

January 19, 2026

Basic Calibration Parameters
Sensor X Sensor Y Sensor Z unc (k =2)
Norm (uM/(VimpZ) » 0.65 0.63 0.69 +10.1%
DCP (mV) B 119 1005 100.9 +4.7%
Calibration Results for Modulation Response
"UID | Communication System Name A B [ D Vi Max | Max
dg | dB,/pV d8 | mV | dev. | UncF
k=2
0 Continuous Wave X1 000 0.00 1.00 | 0.00 | 132.0 | +2.0% | +4.7%
Y1 000 0.00 1.00 1384
Z] 000 D.00 1.00 1404
10352 | Pulse {D=10%, T=5ms) X | 083 £9.97 17.40 | 10.00 230 | £2.0% | +9.6%
VOB 7000 | 176 24.0
Z| 1.01 69.97 17.51 24.0
10353 | Pulse [D=20%. T=5ms) X | 0.87 72.98 1744 | 699 47.0 | 41.5% | +9.6%
Y| 081 73.01 17N 48.0
7| 0896 72.98 1754 48.0
10354 | Pulse (D=40%, T=5ms} X| 081 75.99 1749 | 398 93.0 | £1.3% | =9.8%
Y| 076 76.02 17.74 97.0
Z| 080 75.89 1758 96.0
10355 | Pulse (D=60%, T=5ms) X| 078 77.75 1752 | 222 | 1390 | 41.2% | 49.6%
Y| 073 77.78 17.76 145.0
Z| 087 77.75 17.61 144.0
10387 | Handom (§W-.-1 Mz, MOD=QPSK) X! 001 7487 1810 1 026 | 106.0 | £1.3% | +9.6%
Y| 001 74.90 18.83 1110
Z| 00 7487 | 19.08 | 710.0
10388 | Random (BW=10MHz, MOD=QPSK) X 142 7475 1718 0.00 | 111.0 | =2.3% | 29.6%
Y| 142 7478 17.48 116.0
Z| 170 1475 1724 115.0
10396 | Random {BW~100 kHz, MOD-640AM) X | 0.08 73.69 1986 | 155 800 | +28% | +9.6%
Y| 0.03 73.72 19.40 840
Z | 0.00 7360 | 2031 830
10399 | Random (BW=40 MHz, NOD=64QAM) X| 355 73.70 17.02 | 0.00 | 102.0 | +3.6% | =9.6%
Y| 3.49 73.79 17.47 107.0
2| 382 7369 17.14 106.0
10414 | Random (BW=40 MHz, HIGH PAR] X| 425 71.43 17.02 | 0,00 730 | =1.5% | 29.6%
Y| 424 71.46 17.37 770
Z| 450 71.43 17.13 76.0
Note: For details on UID parameters ses Appendix
The reported uncertainty of measurement is stated as the standard uncertainty of maasurament multipiad by the coverage
factor k=2, which for a normal distribution corresponds to a coverage probability of approximately 95%,

‘;‘ The uncertainties of Norm X,Y,2 do not affact the £2-1eid uncsrtalnty waids TSL [see Page 5).

Lresrizaton pammetar urcartalnty for maximum specfiad fiakd srengih,

E Uncertardy is datermined ukng ©@ max, deviation Irom Snesr responee applying reclargular distribusen and is exaressed for the square of the fakl value:

Certificate No: EX-7635_Jan26
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Test report no.: 2-0021-26-01-06_TR1-A201-R01
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advanced
EX3DV4 - SN:7635 January 18, 2026
Parameters of Probe: EX3DV4 - SN:7635
Sensor Model Parameters
c1 c2 « T T2 T3 T4 T5 T6
fF fF == msv-2 | msv-! ms v-2 v
x 8.4 58.86 N.77 5.38 0.0D 492 0.61 0.00 1.00
Iy a4 59.81 3262 5.80 0.00 490 0.54 0.00 1.00
| z | 9.9 69.71 32.18 6.50 0.00 4.93 0.61 0.00 1.00
Other Probe Parameters
Sensor Arrangement | Triangular
Connactor Angle -16.9°
Mechanical Surface Detection Mode anablea
Optical Surface Detection Mode disabled
Probe Overall Length 337mm
Probe Body Diameter 12mm
Tip Length 9mm
Tip Diametar 2.5mm
Probe Tip to Sensor X Calibration Point 1imm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip 1o Sensor Z Calbration Point 1mm |
Recommended Measurement Distance from Surface 1.4 mm

Note: Measuramant oigtanps from surtacs can be incrensad to 3—4 mm for an Araa Seanjob,

Certificate No: EX-7635_Jan26 Page 4 of 20
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Test report no.: 2-0021-26-01-06_TR1-A201-R01 cetecom

advanced
EX30V4 - SN:7635 January 18, 2026
Parameters of Probe: EX3DV4 - SN:7635
Calibration Parameter Determined in HSL
1 (MHZ)® Relative Conductivity™ | ConvFX | ConvFY | ConvFZ | Alpha® | Depth® UncH
Permittivity™ (Sim) (mm) (k =2)
6 55.0 0.75 19.43 17.82 19.04 0.00 1.25 $13.3%
13 55.0 0.75 1892 17.38 1254 0.00 1.25 113.3%
an 55.0 0.75 1822 1673 17.86 0.00 1.25 +13.3%
84 542 0.75 15.95 1454 15.63 0.00 1.25 +£13.3%
128 528 0.76 15.23 13.98 14,92 0.00 1.25 +13.3%
150 523 0.76 14.70 13.49 14,40 0.00 1.25 =13.3%
220 49.0 0.81 14.03 12,88 13.75 0.00 125 +13.3%
300 453 0.87 12,78 12.78 12.78 0.03 1.00 +13.3%
450 435 n.87 11,94 11924 1194 016 1.30 +13.3%
600 427 0.88 11.24 11.24 11.24 0.10 1.25 +13.3%
750 419 0.89 10,89 10,13 10.44 036 127 +11,0%
850 415 0.92 10,69 995 10.25 0.38 1.27 +11,0%
900 415 097 10.52 979 10,09 0.35 127 +11,0%
1450 405 1.20 8.99 837 862 0.36 127 +11.0%
1640 402 1.31 8.81 B.20 8.45 0.35 127 +11.05
1750 an. 1.37 8.64 B.05 829 036 127 £11.0%
1900 40.0 1.40 8.35 777 B.01 0.36 127 £11.0%
2150 307 153 8.14 7.58 7.81 0.35 127 +11.0%
2300 305 167 8.02 TAT 7.70 0.35 127 +11.0%
2450 302 1,80 7.88 7.34 7.56 0.35 127 411.0%
2600 39.0 1.96 775 722 7.44 0.35 127 411.0%

© Eacuency valdiny abowe 300 MHz of 4100 MMz erly applies for DASY vd.4 and highar (see Page 2|, olea 1 8 restricted 1o =50 MHz, The uncertainty is the
8B5S of the ComF unceriairty at calirabon frequency and the uncertainty for the indicalad Irequency band. Frequency validity below 300 MHz & £10, 28,
40, 50 and 70 MKz lor ConvF assessments at 30, 64, 123, 150 and 220 MH2 raspactivedy. Walidty of CamF aseassed o 6 MKz (s 4.8 MHz, and CorwF
assessed at 1300z s 3-15MHz, Above 5 GHz requency valikiy can be sxtended fo =110 MHz.

F The probes are calbrated LB 18600 eruialing liquids (TSL) that deviate bor £ and @ by less than £5% from 9 1anpet values (Yypicaly better than +3%)
and are valid e TSL with deviatiors of up % +10% # SAR coerection Iz appled

S AphaDepth are o od during [ SPEAG thal the remaining devason due to the boundary etiect atiar compensation is Ay less
han =15 0r frequencies balow 3 GHz and below £2% for lrequences beswasn 3-6GH: 2% any dstance langes than hal ™a probe to demear from the
Doundary,

" Tho stated uncestainty i e 1018l calbrason uncaetanty [k = 2} of Narm CoowF This is oquivalert 10 the uncertainty cempanent with the symkcl CF in
Takde 8 of |EC/IEEE 62206-1520:2020.

Certificate No: EX-7635_Jan26 Page 5 01 20
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Test report no.: 2-0021-26-01-06_TR1-A201-R01 cetecom
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EX30V4 - SN.7635

January 19, 2026

Frequency Response of E-Field
(TEM-Cell:ifti110 EXX, Waveguide:R22)
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Uncertainty of Frequency Response of E-field: +8.3% (k=2)

Certificate No: EX-7635_Jan26

Page & of 20
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EX30V4 - SN:7635 January 19, 2028

Receiving Pattern (¢), 9 =0°

f=600 MHz, TEM, 0° 11800 MHz, R22, 0°
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Coertificate No: EX-7635_Jan26 Page 7 of 20

Page 9 of 26




Test report no.: 2-0021-26-01-06_TR1-A201-R01 cetecom
advanced

EX3DV4 - SN.7635 January 19, 2026

Dynamic Range f(SARus.)
(TEM cell, fuy = 1900 MHz)
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Uncertainty of Linearity Assessment: +0.6% (k=2)
Certificate No: EX-7635_Jan26 Page 8 of 20 o

Page 10 of 26




Test report no.: 2-0021-26-01-06_TR1-A201-R01 @ cetecom

advanced

EX3DV4 - SN:7635 January 19, 2026

Conversion Factor Assessment

1=1900 MMz, WGLS R22 (H_corwF)
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Uncertainty of Spherical Isotropy Assessment: +2.6% (k=2)

Certiticate No: EX-7635_Jan26 Page S of 20
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Calibration report “1450 MHz System validation dipole”

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Callbration Service

Accreditation No.: SCS 0108

Client Cetecom Advanced Certificate No. D1450V2-1045_May25
Saarbriicken, Germany
CALIBRATION CERTIFICATE
Object D1450V2 - SN: 1045

Calibration procedure(s)

Calibration date

QA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7 - 3 GHz

May B, 2025

This calibration ¢erlificate documents the traceabilty to national standards, which raallze tha physical units of meseurements {S1).
The messurements and the uncertainties with corfidence protabiity are given on the following pages and are part of the cartifcate.

All calibrations have been conducted in the closed boratory facifty: environment temparatura (22 + 3)°C and humidity < 70%.
Calibration Equipment used (MATE critical for calibration)

Pnmary Smmarg_s 1D Cal Date (Cerlilicate Na,) Scheauled Cal
Powar Sensor A&S NRP-33T SN: 100967 | 26-Mar-25 (No, 217-04290) Mar-26
Power Sengor R&S NRPF1BA SN: 101858 | 06-Feb-25 (No, 4020431500854 1) Feb-26
Sgeclrum Analyzer RAS F5VAD SN: 101832 | 29-Jan-25 (No. A030A315009558) Jan-26
3.5mm mismatch combination SN 1152 24-Mar-25 [No. 217-04293] WMar-25
OCP DAK-12 SN-1016 24-Sapl-24 (No, OCP-DAK121016_Sep2d) Sep-25
OCP DAK-3 5 SN. 1249 23-Sapl-24 (No. OGP-DAK3.5- 1248 _Saped) “Sep-25
Reterarce Probe EX30VA SN 7348 10-Jan-25 (No. EX3-7349_1an2%) Jan-26
DAE4D 5N 1836 17-Apr-25 (No. DAEZip-1836_Aprab) Apr-26
Secandary Standarcs D Check Date [in house) Schedulea Check
ACAD Setup 1 = SN:1000 | 28-Muy-24 [No. 575-ACAD_Source_Box-240528) | May-25
Signal Ganarator H&S SMB100A SN 182081 | 28-Miy-24 [Ne, 675-CAL16-54560-240528) May-25
Mismatch: SMA SN. 1102 22-May-24 (No. 675-Mismatch_SMA-2a0522) Mey-25
Name Function Signature ’
Calbrated by Leif Kiysner Laboratory Technician W% |
Approved by Sven Kaha Technical Manager

tssued: May 8, 202

This calibration cartificate shall not be reproduced except in lull withaut written approval of tha laboeatory.

Certificate No: D1450V2-1045_May25
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Calibration Labomtow of .‘\i\‘@ﬁ,“ .“uw\ S Schwoiurlsdnr‘l_(llibmrdltnﬂ
& % y ¢ Service sulsse d'étalonnage

Schmid & Partner %—‘ Servizio svizzero di taratura

Engineering AG P % s/ S Swiss Calibration Service

Zeughausstrassa 43, 8D04 Zurich, Switzerand "4,4@\\-“‘ Nyt

Accredited by the Swiss Accraditation Sarvice (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 iquid
ComvF  sensitivity in TSL / NORM x.y,z
N/A not applcable or nat measured

Calibration is Performed According to the Following Standards

+ IEC/IEEE 62208-1528,"Measurement Procedure For The Assessment Of Specific Absorption Rate Of Human Exposure To
Radio Frequency Fields From Hand-Held Ang Body-Worn Wireless Communication Devices - Part 1528: Human Madsis,
Instrumentation And Procedures (Frequency Range of 4 MHz 10 10 GHz)", Oclober 2020

« KDB BG65664, "SAR Measurement Requirements jor 100 MHz to 6 GHz"

Additional Documentation
+ DASY System Handbook

Methods Applied and Interpretation of Parameters

+ Measurement Conditions: Further details are avadable from the Validation Report at the end of the certificate. All figures
stated in the certdicate are valid at the freguency indicated.

+ Antenna Parameters with TSL: The dipole is mounted with the spacer 1o position its feed point exactly below the canter
marking of the fat phantom section. with the arms oriented paralle! to the body axis.

+ Fead Polnt Impedance and Return Loss: These parameters are measured with the dipols positioned under the liquid filled
phantom. The impedance stated is transformed from the measuremant at the SMA connector to the leed point. The Return
Loss ensures ow reflected power. No uncertainty required.

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

+ SAA measured: SAR measured at the stated antenna input pewer,

+ SAR normalized: SAR as measured, normalized 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,

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

Cerlificate No: D1450V2-1045_May25 Page20!6
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Test report no.: 2-0021-26-01-06_TR1-A201-R01 cetecom

advanced
D1450V2 - SN: 1045 May 8, 2025
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS Module SAR 1640
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center- TSL 10 mm with spacer
Zoom Scan Resolution dx, dy = 6mm, dz = 1. 5mm Graded Ratio = 1.5 mm (Z direction)
Frequency 1450MHz + 1MHz
HSL parameters at 1450 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal HSL parameters 220°C 405 1,20 mho/m
Measured HSL parameters (22.0 402)°C 41.3 +6% 1.20 mho/m +6%
HSL temperature change during test <05°C
SAR result with HSL at 1450 MHz
SAR averaged over 1 cm® (1 g) of HSL Condition
SAR for nominal HSL parameters 24 dBm Inpaut power 7.33 Wik
SAR for nominal HSL parameters normalized 10 1W 29.2 Wikg £17.0% (k=2)
SAR averaged over 10 cm® (10 g of HSL Condstion
SAR for nominal HSL parameters 24 dBm inpul power 4.12 Whkg
SAR for nominal HSL parameters normakzed to 1W 164 Wkg +16.5% (k=2)
Cortificate No: D1450V2-1045_May25 Page 3016 ‘
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D1450V2 - 5N: 1045 May 8, 2025

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with HSL at 1450 MHz

Impedanca 51.70-00jQ

Return Loss -35.7 dB

General Antenna Parameters and Design

[ Electrical Delay {one direction) | 1.26ns |

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is direclly connecled to
the second arm ol he dpole. The antenna is therefore short-circuited for DC-signats. On some of the dipoles, small end
caps are added to the dipole arms in order to improve malching when loaded according to the position as explained in the
*Measurement Conditions® paragraph, The SAR cata are not affected by this change. The overall dipole length i still according
to the Standard. No excessive force must be applied 10 the dipole arms, because they might bend or the soldered conneclions
near the feedpoint may be damaged.

Additional EUT Data

Manufactured by l SPEAG

Certificate No: D1450V2-1045_May25 Page 4 of 6
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D1450V2 - SN: 1045

System Parformance Chieck Report

May 8, 2025
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D1450V2 - SN: 1045 May 8. 2025

Impedance Measurement Plot for HSL

S$11 Smith {R+{X) Scale 1.00
>1 1450000 GHz 51.675 .0.011 ;0

10.00

5.00

0.00
5.00
-10.00
-15.00
-20.00
-25.00
-30.00 1
-35.00 |

>1 1.450000 GHz -35.662 dB

1.30 1.40 1.50 1.60
GHz

Certificate No: D1450V2-1045 May25 Page 6 of 6
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Antenna Parameters with Head TSL

From cal. data

Measured 2026-08-04

Impedance; transformed to feed
point

51.7Q -0.0jQ

49.1Q +0.2jQ

Return Loss

-35.7dB

-40.2dB
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4  Calibration certificate of Data Acquisition Unit (DAE) — SN: 1387

Calibration Laboratory of g\‘@"’z} §  Schweizerischer Kalbrierdienst
Schmid & Partner % c Service sulsse détalonnage

Engineering AG = g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Swizerland @,ﬁ,@ Swiss Calibration Service

(2N A

Accreditad by the Swiss Accreditation Senica (SAS) Accraditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemant for the recognition of callbration certificates

ciient Cetecom Advanced
Saarbriickan - Germany

Certificate No: DAE4-1387_Aug25

|CALIBRATION CERTIFICATE

Cojoct DAE4 - SD 000 D04 BM - SN: 1387

Calibeation procedure(s) QA CAL-06.v30

Calibeation date August 06, 2025

Calibration procedure for the data acquisition electronics (DAE)

| This calisration ceniticate shall not be reproducad excet in full withcut written appraval of the laboratory.

This calibration cenificate documents the lraceabiity 1o national standards, which realize the physical units of measurements (S1).
The measurements and the uncastainties with confidence peobatility are given on the fallawing pages and are pan of the cenfficate
All calibrations have been conducted In the closed labioratory facilty: environment tamparature (22 £ 3)°C and humidity < 70%.
Calbraton Equpment used (M&TE <rical for calibeation)
Primary Standards Do Ca! Date (Cettdicate No.) Schedulad Calbratan
Keithiay Multimater Type 2001 | SN 0810278 27-Aun-24 (Na:40547) Aug-25
| Secondary Standards [Ib#  CheckDate (n house) -  Scheduled Check
Auta DAE Calibeation Unit SE UWS 053 AA 1001 23-Jan-25 (n house check) In house check: Jan-26
Calbrator Box V2.1 SE UMS 006 AA 1002 23-Jan-25 (in house check) In house check: Jan-26
Name Function Signature
Caliorated by Adrian Gehring Leboratory Techaician j“%
| -~
Approved by: Sven Kihn Technical Manager ~' QC M
\ / ’u

Issued: August &, 2023

Certificate No: DAE4-1387_Aug25 Page 1of5
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5 Certificate of “SAM Twin Phantom V8.0”
Schinid & Partner Enginearing AG
S P e a g
Zeughausstrassa 43, BOO4 Zurich, Switzartand
Phone +41 44 245 9700, Fax +41 44 245 9779
Info@speag.com, hitp:ivwww.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
Knebelstrasse 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. Certaln parameters are retested on series tems.
Test Requirement 5 Details Units tested
Dimensions Compliant with the geometry IT1S CAD File * First article,
according to the CAD model. Samples
Material thickness | 2mm +/- 0.2mm in fiat section, in fat section, Flrst article,
of shell other locations: +/- 0.2mm with in the cheek area Samples,
respect to CAD file TP-1314 f1,
Materlal thickness | 6mm +/- 0.2mm at ERP First article, All
at ERP B ltems
Material rel. permittivity 2 - 5, rel. permittivity 3.5 +/- 0.5 | Material
paramelters ioss tangent s 0.05, at f < 6 GHz | loss tangent s 0.05 samples
Material resistivity | Compatibility with tissue Compatible with SPEAG Phantoms,
simulating liquids . | liquids, ™ Material sample
Sagging Sagging of the fiat section in < 1% for filing height up Prototypes,
tolerance when filled with tissue | to 155 mm Sample testing
simulating liquid.

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

" Note: Compatibiity restrictions apply certain liquid components mentioned in the standard,
containing e.9. DGBE, DGMHE or Triton X-100. Observe technical note on material compatibllity.

Standards

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

[2] [EEE 1528-2013, "Recommended Practice 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-hed and body-mounted
wireless communication devices - Human models, 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 MHz to 3 GHz)", February 2005

[4] |EC 62208-2 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.
g-p @ §-4 g
Date 10.06.2015 Schnvd & Farinat Engineering AG
K Zeghausssuasse 43, 800 2unch, Swrera g
Signature / Stam Fhona +41 :3:5"?;01 Fax ‘.4: & oz:: 8778
DocNo 8B1~-CDOIDP4TA-A Page 1(1)
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6  Application Note System Performance Check

6.1 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.

6.2 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 ,comment‘-window of the measurement file; otherwise you loose this crucial
information for later reference.

Page 21 of 26



Test report no.: 2-0021-26-01-06_TR1-A201-R01 e cetecom

advanced

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 + 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.

6.3 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 [DivVisor] c¢; ci | Standard Uncertainty | v* or

uncertainty Value Distribution (19) [(109)| = %, (19) |£ %, (109)| Vet
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 + 6.6%|x 6.6% 0
Axial isotropy + 4.7 % |Rectangular| 3 1 1 + 27 %|x 27 % 0
Hemispherical isotropy + 9.6 % |Rectangular| V3 0 0 |+ 00%|+ 0.0% 0
Boundary effects + 1.0 % | Rectangular| 3 1 1 + 06 %[+ 0.6% 0
Probe linearity + 47 % |Rectangular| + 3 1 1 + 27 %|x 27 % 0
System detection limits + 1.0 % |Rectangular| + 3 1 1 + 06 %|+ 0.6% 0
Modulation Response + 0.0 % |Rectangular| 3 1 1 + 0.0%[+ 0.0% 0
Readout electronics + 0.3 % Normal 1 1 1 + 03%|%x 03% 0
Response time + 0.0 % |Rectangular| + 3 1 1 + 00%|x 0.0% 0
Integration time + 0.0 % |Rectangular| + 3 1 1 + 00%[|x 0.0% 0
RF Ambient Noise + 1.0 % | Rectangular| v 3 1 1 + 06 %|x 0.6% 0
RF Ambient Reflections + 1.0 % |Rectangular| + 3 1 1 + 06 %|x 06% 0
Probe positioner + 0.04 % |Rectangular| V3 | 1 1 [+ 00%|+ 00%| =
Probe positioning + 0.8 % |Rectangular| + 3 1 1 + 05%|x 05% 0
Max. SAR evaluation + 0.0 % |Rectangular| + 3 1 1 + 00%|x 0.0% 0
Dipole Related
Dev. of exp. dipole + 55 % |Rectangular| V3 1 1 + 32%|x 3.2% s
Dipole Axis to Liquid Dist. + 2.0 % |Rectangular| + 3 1 1 [+ 12%|+x 1.2 % 0
Input power & SAR drift + 3.4 % |Rectangular| V3 [ 1 1 |+ 20%|+ 20%]| =
Phantom and Set-up
Phantom uncertainty + 4.0 % |Rectangular| 3 1 1 + 23%|x 23 % 0
SAR correction + 19 % Normal 1 1 084+ 19 %[+ 1.6% 0
Liquid conductivity (meas.)°%| + 2.5 % | Normal 11078[071|+ 20%|+ 18%]| =
Liquid permittivity (meas.)°X | + 2.5 % | Normal 11023[026|+ 06%|+ 07%]| =
Temp. unc. - Conductivity®® + 34 % |Rectangular| V3 (078|071 15%[+ 14 %]| =
Temp. unc. - Permittivity®® + 04 % |Rectangular| V3 [023[026(+ 0.1%|x 01%| <
Combined Uncertainty + 95%|x 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:

BB if SPEAG’s broad-band liquids (BBL) are used that have low temperature coefficients;
DAK if 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

e Uncertainty | Probability |.. . Ci c; |Standard Uncertainty

Symbol Error Description C Divisor
Value Distribution (19) | (109) | = %, (19) |J_r %, (10g)

Measurement System Errors
CF Probe Calibration Repeat. | + 13.1 % Normal 2 1 1 + 93%|x 9.3 %
CFdrift [Probe Calibration Drift + 1.7 % |Rectangular| v 3 1 1 + 1.0% |+ 1.0%
LIN Probe linearity + 4.7 % |Rectangular|V 3 0 0 + 0.0% |+ 0.0%
BBS Broadband Signal + 0.0 % |Rectangular| 3 0 0 + 00% |+ 0.0%
ISO Probe Isotropy (axial) + 4.7 % |Rectangular| 3 0 0 + 0.0% |+ 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 + 0.0% |+ 0.0%
AMB RF Ambient + 06 % Normal 1 0 0 + 0.0% |+ 0.0%
Agys Probe Positioning + 05 % Normal 1 029029 |+ 01 %[+ 0.1%
DAT Data Processing + 0.0 % Normal 1 1 1 + 0.0% |+ 0.0%
Phantom and Device Errors
LIQ(o) Conductivity (meas_)DAK + 25 % Normal 1 0.78(0.71 | £ 20 % |x 1.8 %
LIQ(To) |Conductivity (temp.)BB + 3.4 %|Rectangular|V 3 |0.78[0.71 [+ 15 %[+ 14 %
EPS Phantom Permittivity + 14.0 % | Rectangular| v 3 0 0 + 00% |+ 0.0%
DIS Distance DUT - TSL + 1.3 % Normal 1 2 2 + 26 %|x 26 %
MOD DUT Modulationm + 0.0 % |Rectangular| 3 1 1 + 0.0% |+ 0.0%
TAS Time-average SAR + 0.0 % |Rectangular| 3 1 1 + 0.0% |+ 0.0%
VAL Validation antenna + 3.2 % Normal 1 1 1 + 32%|x 3.2%
Pin Accepted power + 20 % Normal 1 1 1 + 20%|x 2.0 %
Correction to the SAR results
C(g, o) |Deviation to Target + 19 % Normal 1 1 084 | 19% |+ 16 %
u(ASAR)|Combined Uncertainty + 10.8 % |+ 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 ?e ffequal to «.

Footnote

BB if SPEAG’s broad-band liquids (BBL) are used that have low temperature coefficients;

details:

DAK'if SPEAG’s high precision dielectric probe kit (DAK) is applied.
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6.4 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 Y
Signal Low cable
Generator Pass — : } @
Att3
Att2 |;
® @
Attl

&) —=
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 100W 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 2 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.

+ 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.
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» The dipole 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.

6.5 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.g. 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.

6.6 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:

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

+ Ifapulsed 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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